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_ FOREWORD 

By Sir OLiver Lopes, F.R.S., D.Se., LL.D. 

THE interaction of ether and matter is attracting 

more attention to-day than ever before. The quiver 
of the ether that we call radiation has the remarkable 
property of ejecting electrons from atoms, and thereby 
of exciting not only vision and photographic action, 

but of effecting a variety of other chemical changes. 
It is by this means that plants absorb radiant energy 
and grow; it is thus that trees are enabled to form 
their woody fibre from constituents of the air and 
moisture. Solar energy, received through the ether 
and transmuted on arrival into various forms, is 
responsible for all our activities. What the effect 
of radiation on human bodies may be, we are only 
beginning to find out. Pigmentation produced in the 
skin shows that the effect is by no means negligible ; 
and now clinical work on the effect of radiation, 
both natural and _ artificial—especially radiation of 
frequency too high to affect, except prejudicially, the 
retina of the eye—is leading to results of obviously 
great interest even to a layman. Such rays are found 
to be conducive to health: the deprivation of such 
rays, by the unthinking pollution of town atmosphere, 
must have seriously impaired the health and well- 
being of the urban community. We are waking 
up to large possibilities of improvement in these 
directions, © 
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2 | FOREWORD 

Naturally, I express no opinion on purely medical 
matters ; but a book dealing with this comparatively 
new and highly promising subject, by people with 
medical training, physical knowledge, and extensive 
and rapidly growing experience, should be welcome. 
I judge that this is such a book, and commend it 
accordingly. 

VO 

FOREWORD 

By Sypney Watton, C.B.E., M.A., B.Litt. 

I am the merest layman and very shyly take my stand 
at the threshold of this book which tells of learning 
linked to life. But, on second and braver thoughts, 

why should a layman be hushed and dumb? It is 

his duty to rejoice when the light of healing comes. 
He gives thanks to see the shadows of disease grow 
less and praises all who sincerely seek to do battle 
with the mysteries of suffering. 

Perhaps the authors of this volume, their diary, 
so to speak, of experiment and research, asked me to 
write a Foreword because they honour me with their 
friendship and all true friendship is as sunshine to 

the soul. I have known Dr Kerr Russell for many 
years, but it is of his father I would relate a memory 
or two—his father, to whom this book must be a joy 
in his eventide. 

‘Dr Russell’s father became an intimate friend of 
mine, and at his hospitable fireside I have many times 
listened to him on subjects touching the health of the 
people. He spoke with the eloquence which comes 
from compassionate contact with life. He turned 
my thoughts in the direction of preventive medicine 
which, in my layman’s way, I translated: “ The 
doctor as lighthouse rather than lifeboat.”’ 

It was he who introduced me to the late Sir Napier 
Burnett, who was then in Newcastle-on-Tyne, and I 

3 



A FOREWORD 

was able at a later stage, through the noble generosity 
of Mr L. G. Sloan and Sir Harold Bowden, Bart., to 
assist in making it possible for Sir Napier to come 
to London and devote himself to his heart’s desire, 
which was the evangel of health. Great and splendid 
work he did until he was stricken untimely down. 

The meaning of this most personal Foreword is 
that Dr Russell’s father sent out his inspirations far 
and wide, and as the nation was debtor to Sir Napier 
Burnett, so it was to him, in that he was the cause 
of the other’s apostleship. And now the son and his 
accomplished wife continue the discipleship which the 
father adorned. Most sincerely do I give welcome 
to this book. May it be, as it intends, a lamp of 
knowledge to shine among the shadows ! 

/®xyolm epoLrorr 

——- 
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INTRODUCTION 

Tuis treatise is submitted with the modesty that 

best becomes those who realize that we probably 

stand at the dawn of a new era in medical practice. 

The science of medicine is constantly changing. 
Theories which have been accepted for years as being 
scientifically sound are in a moment supplanted by 
new discoveries. The liver treatment of pernicious 
anemia is an outstanding example; how rarely one 
now hears of hemolytic streptococci. The discovery 

‘of radio-activity caused great changes in physical 

and chemical theory, but it is only now beginning to 
influence our ideas in regard to the theory and 
practice of medicine. 

A review in a recent number of The British Medical 
Journal has truly said: ‘“ Important modifications 
in the basal conceptions of the mechanism of life and 

disease must be imminent in the hght of the advances 
in connexion with the constitution of the atom and 
the electron.” 

Until recent years the establishment of a correct 
diagnosis was all that was considered necessary. 
Treatment was often looked on as of secondary im- 

portance. The work of Pasteur and Lister enabled 
surgery to achieve many unanticipated successes. 
Medicine, however, remained content to make use of 
drugs which had been employed for generations and. 

whose value was in many cases extremely doubtful. 
21 
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Then followed the discovery of many so-called specific 

remedies, and finally an awakening interest in physical 

methods of treatment. | 
In a leading article in The Times of 15th October 

1927, on Actinotherapy, it is stated that “There are 

few more remarkable movements in the history of 

medicine than the development which: has been wit- 

nessed recently in the use, for therapeutic purposes, of 

rays of various kinds. So great, indeed, and so rapid 

has this development been, and so wide are the horizons 

which extend before the science of actinotherapy, that 

already a kind of bewilderment exists about it m the 

professional mind. What is the truth about sunlight 

and artificial sunlight ? How far are these natural 

agencies of healing likely to take the place of existing 

methods? . . . There can no longer be any dispute 

about the importance of radiological methods in 

the treatment of disease. Those who are aware of the 

revolution which is now being accomplished in the 

handling of cases of so-called surgical tuberculosis 

realize that the methods which twenty years ago 

were universally employed in the treatment of these 

severe ailments are applicable no longer. The work 

of the London Hospital in curing lupus is a triumph 

of the use of light as a therapeutic agent, and not 

less triumphant in its results is the work now being 

carried on in the treatment of surgical tuberculosis 

at the Lord Mayor Treloar Hospital at Alton and at 

other places. Light in all these instances has taken 

the place, to a great extent, of the surgeon's knife. 

It has achieved benefits for the patient which no 

other agency has ever provided.” 
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Surgical treatment is tending to give way to 

more conservative measures in certain inflammatory 
diseases, particularly of the female genitalia. | 

There is no doubt that a great change is taking 
place. Preventive treatment is, at last, beginning to 
take its rightful place in medicine. 

As a result of the war, when hundreds of thousands 

of wounded men were treated by physiotherapy, great 
_ interest is now being displayed in new healing agencies, 
and there is a definite tendency to consider the sub- 
stitution of physical methods of cure for medicinal in 
an increasing number of diseases. 

H.R.H. the Prince of Wales in his Presidential 
Address to the 1926 meeting of the British Association, 
at Oxford, cleverly epitomized the value of ultra-violet 
radiation. ‘“* Closely linked,” he said, ‘‘ with the dis- 

covery of vitamins has been the more recent develop- 
ment of knowledge concerning the need of sunlight 
for health, in man and his fellow-animals as in plants. 
We know now that crippling deformity appears in the 
erowing child unless he receives his proper share of the 
vitalizing rays of the sun, either directly or through 
the presence in natural foods of vitamins which these 
rays have produced. Sunlight, or its artificial equiva- 
lents, has some importance already in the treatment of 
disease ; but a realization of its significance for health 
has a much greater importance in preventive hygiene. 
There can surely be no plainer duty for a State 
charged with the health of an industrial civilization 
than to promote with all its resources the search for 
such knowledge as this, as well as to provide for its 
application when obtained.”’ 
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Major-General Seely, speaking at a recent hospital 

meeting in London, said: “ Nearly every disease can 

be cured by fresh air and sunshine. A distinguished 

scientific friend of mine said to me recently: ‘In 

twenty years’ time there will be only three means of 
treating the human body—surgery, bacteriology, and 
heliotherapy. The third of these three will be the most 

important, and all kinds of treatment now regarded 

as essential will disappear.’ ”’ 

This may prove to be an exaggeration, but 1t shows, 

at least, the trend of contemporary scientific thought. 

In the Haghth Annual Report of the Scottish Board 
of Health it is stated that the clinical results of ultra- 

violet irradiation have been sufficiently numerous and 

striking to justify the conclusion that this particular 
form of treatment has come to stay. 

It is certainly not claimed or suggested that ultra- 

violet radiation is the only, or for that matter the 

best, method of curing some of the diseases mentioned 

in this book, but undoubtedly in a few conditions its 

action is specific, and it is able to effect cure, where 

other remedies have been unavailing, and in many 

other diseases it acts as a valuable adjunct to older 

methods of treatment. 
We shall be well content if we have been able to 

make a few suggestive hints, and we can at least 

claim that our study of this subject has been that 

of enthusiasm tempered. one by the obligation to be 

painstaking. 
We have had personal experience with a large 

number of different models of ultra-violet lamps, and — 

we have therefore described every well-known type of 
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arc lamp and quartz mercury vapour lamp, since we 

feel that 1t 1s unwise to limit one’s interest to one 

type of lamp, just as it would be equally illogical, for 
instance, to prescribe laudanum every time one wished 
to administer a sedative. 

We have found many different types of ee gener- 
ally satisfactory, and the air-cooled mercury vapour 

lamp particularly so ; the difficulty is not any inability 
to get sufficient ultra-violet radiation but trouble in. 
gauging the precise amount required by the patient. 

The tungsten arc lamp gives off a large amount of 

ultra-violet radiation, but it has some disadvantages. 

Its initial cost, it is true, is less than that of the 

mercury vapour lamp, but its upkeep, owing to the 
high price ot the tungsten electrodes, is greater. 
Moreover, it produces unpleasant fumes, and, being 
hand-regulated, it needs constant attention. 

The carbon arc lamp 1s mostly used in hospitals where 

several patients are being treated at the same time. 
As a means of producing ultra-violet rays any one 

of these types can be recommended, but each type has 
its own advantages and disadvantages. 

The chief detect of the mercury vapour lamp is 
its Iragility and its comparatively short life; that 
of the tungsten arc the fumes it produces and the cost 
of running it; and that of the carbon arc the great: 
cost of the current and of the carbons used. 

This book describes principally the use of ultra- 
violet radiation in our own practice, and we trust 
that our experience may be helpful to other prac- 
titioners who are contemplating the use of this form 
of treatment. 
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Over three years ago we endeavoured to encourage 
the more general use of ultra-violet radiation by 
doctors in general practice. We did this because we 
realized actinotherapy would suffer a severe set-back 
if it were indiscriminately exploited by the un- 
qualified, and that the greatest opportunity of real 
progress lay in its adoption by the. general prac- 
titioner, who, after all, inevitably sees the beginnings 
of disease and is in touch with conditions when they 
are most amenable to treatment. 

There are many persons, who are not wholly cured 

by medicinal or surgical treatment, who drift from 
one member of the profession to another, until they 
eventually reach the quack, who has probably adopted 
some form of physical treatment and is, in con- 
sequence, often able to give them relief. Financial 
reward is generally gained freely by the unqualified 
practitioner. 

But as The Times says in its Sunlight Supplement 
of 22nd May 1928 there is no justification for the 
rashness which causes many people to place them- 
selves ‘‘for sunlight treatment’? in the hands of 
inexperienced and unqualified individuals. Sunlight 
treatment is medical treatment in the strictest sense 
of that term, and ought to be given only by physicians 
who have devoted special study to it. 

Unfortunately qualified physiotherapists are often 
looked upon with suspicion by the other members 
of the medical profession, and are considered to 
be practising very near the border-line between 
reputable medicine and quackery. 

Alas, the years 1926 and 1927 have seen many lay 
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attempts to commercialize actinotherapy, regardless 
of the fact that its uncritical employment is both 
dangerous and futile and that correct diagnosis 1s 
imperative. 

A gigantic wave of quackery has swept the country, 
and moreover, as The Times says in its leading article 
on Actinotherapy to which reference has already been 
made: “‘ At the present time great numbers of lamps 
constructed to emit ultra-violet rays are on sale to the 
public, and are being purchased by. people who hope, 
by means of them, to enjoy ‘sunlight baths’ and 

‘artificial sunlight’ illumination. Such enterprises 
are almost certainly premature and may very well 
be fraught with danger, for the ultra-violet lamp 1s a 
highly complicated scientific instrument, the evolution 
of which is still in its earliest stages.”’ 

It is almost as perilous for anyone to use ultra-violet 
radiation without skilled knowledge and training as 
it is for a layman to prescribe and administer some 
virulent poison or to endeavour to perform a surgical 

operation. | 
It is of supreme importance that this valuable 

remedial agent shall not be carelessly allowed to pass 
wholly into unqualified hands; 1f 1t does doctors will 
be deprived of a wonderful opportunity of securing 
additional scientific knowledge of one of the most 
potent instruments of healing. 

Luckily, the medical profession itself can obviate 
the danger in a very simple way. 
When medicinal treatment alone has been dis- 

appointing in such conditions as lupus, Alopecia 
areata, hay tever, rickets, spasmophilia, tetany, or 
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Parkinsonism followmg Encephalitis lethargica (to 
mention only a few conditions at random), it is surely 
unwise for the sufferer to be told that nothing more 
can be done; this advice generally results in his 
rushing to the nearest unqualified practitioner. 

In suitable cases it is certainly the duty of medical 
men to advise their patients to have appropriate 
physical treatment. It is also very unwise and 
absolutely unprofessional for doctors to send their 
patients to the unqualified when they desire them to 
undergo a course of ultra-violet radiotherapy, because, 
through lack of competent knowledge, the results 
are naturally often mediocre, and, moreover, disaster 

sometimes occurs. 
Fortunately a change now seems imminent, and 

the following findings, which have been endorsed by 
the Council of the British Medical Association, and 

which were published in a supplement to the Britesh 
Medical Journal of the 28th of April 1928, are not 
without interest : | 

TREATMENT BY RADIATION AND KLECTRICITY 

81. The attention of the Council has been drawn to 
the risks to the public involved in the use of ultra- 
violet light apparatus by untrained persons, and the 
matter was considered by the Science Committee 
after report from a special Sub-Committee. 

The Council endorses the following findings of the 
Science Committee :-— 

(a) Treatment by electro-therapeutic and 
radiation methods has much increased in recent 
years and it is probable that some members ot 
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the profession have not kept themselves abreast 
of the more modern procedure and forms of 

apparatus. Hence treatment of this kind is some- 
times prescribed in general terms rather than with 
specific directions. 

(6) On the other hand these methods of treat- 
ment are being cultivated largely by persons who 
have had no medical education and no adequate 
practical training, and there is thus risk to the 

public. | 
(c) The law puts no restriction on the use by 

any person of such powerful agencies as electricity, 
radium, X-rays, diathermy and ultra-violet light. 

(d) With all of these there is the risk of serious 
mischief and here in particular must be noted 
that the recent development of ultra-violet light 
apparatus and its sale for amateur and domestic 
use is not without its dangers. While allowing 
that these dangers have been overstated in 
some quarters, they undoubtedly exist, and it is 
admitted that the apparatus in individual cases 
has made active a quiescent phthisis pulmonalis 
and has caused serious damage to the eyesight. 
Other risks apart, here is good reason why this 
form of treatment should be confined to properly 
trained persons. | 

(e) Similarly diathermy from faulty applica- 
tion may produce burns which are very slow to 

heal, and applied in the region of the brain may 
cause giddiness and inco-ordination. 

(f) Electricity therefore in its various forms 
and the several methods of radiation are, in 
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unskilful hands, agencies which may adversely 
affect existing diseased conditions, may make 
active quiescent disease and may inflict positive 
damage on various organs; even cases of death 
have been traced to these methods. 

(g) Immediate steps should be taken to confine 

the use of these therapeutic activities to persons 
who have been adequately trained under medical 
direction. 

(h) Opportunities for technical instruction 
already exist, at least in part, but it 1s necessary 
to establish a public opinion, both professional 
and lay, against the use of powerful remedial 
agencies by ignorant and untrained persons. 

(1) The medical schools are not unaware ot 

the therapeutic values here considered and are» 

arranging corresponding courses of instruction 
for medical students. 

The Council recommends :— 

Recommendation: That the Representative 
Body express the following opinion, namely, that 
in view of the risks to the public involved in the 
use of electricity and radiation as methods of 
treatment by untrained and unqualified persons 
it is to be desired (1) that suitable courses of 
training should be organized under medical 
direction for persons who wish to administer this 
form of treatment; (2) that persons who have 
satisfactorily followed such a course should be 
entitled to have their names entered on an ap- 
proved Roll; (3) that one of the conditions 
attached to admission to, and maintenance on, 

INTRODUCTION | 31 

the approved Roll should be abstention from 
the treatment of any patient except on the 
responsibility and under the general supervision 
of a registered medical practitioner; and (4) 
that patients who require electrical or radiation 
treatment should be referred only to those 
persons whose names are on the approved Roll. 

Another recent development is also full of promise 
for the future. We refer to the organization of special 
physical treatment institutions, where teams of 

qualified practitioners, who are experienced physio- 
therapists, can treat large numbers of patients at 
the same time, with privacy, and at a very moderate 
charge. 

Some medical men imply that the good results that 
follow actinotherapy are entirely due to suggestion. 
Even if they were (which certainly they are not), 
does not the patient most of all desire the cure 
of the condition ? 

Has a bottle of medicine no psychical effect ?- Many 
may remember a recently deceased patent medicine 
with an intriguing smell which did not seem to be 
entirely lacking in this respect. 

Is not the wholesome mental stimulation of ultra- 
violet radiation superior to the unpalatable Freudian 
theories ¢ | 
Nagelschmidt—determined to meet this criticism— 

specially treated two hundred cases of Alopecia, with 
success, because he said that the suggestion of psy- 
chical effect could hardly be advanced in this disease, 
which is so often resistant to medicinal treatment. 
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Many criticize the large number of diseases that 

workers claim they have cured or benefited by ultra- 

violet radiation; but are not most diseases benefited 

by the raising of the natural resistance of the body % 

After all, actinotherapy, like surgery, is a speciality 

of method. No comment is made when the surgeon 

causes such dissimilar conditions as tubercular glands 

in the neck or exophthalmic goitre to disappear by 

means of his scalpel. In each case the method 1s 

fundamentally the same: something is removed with 

a knife; but incredulity and severe criticism are 

often aroused when it is suggested that the radio- 

therapist can permanently cure the same conditions 

with some form of invisible radiation, such as X-rays 

or ultra-violet radiation; or that actinotherapy 1s. 

valuable in such diverse diseases as Alopecia areata 

and tuberculosis of the hip joint, trachoma and hay 

fever, lupus and rickets, acidosis and Vincent's angina. 

Another frequent criticism is that the estimation ot 

the real value of ultra-violet radiation in medicine 1s 

made difficult because both drugs and actinotherapy 

are used in the same case. This stricture is rather 

extraordinary when one considers how rarely a bottle 

of medicine contains one ingredient alone. Does any 

doctor hesitate to give mercurial injections in a case 

of syphilis because the patient has had salvarsan 

administered ? Is it clouding the issue to use an anti- 

septic spray in a case of follicular tonsillitis, because 

the patient is being given salicylates internally ‘ 

The important fact, and one that cannot be effec- 

tively gainsaid, is that it has been discovered that m 

many diseases more rapid improvement is obtained 
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by combining ultra-violet radiation with the admin- 

istration of internal remedies than by using either 
alone. 

Solar radiation is essential to all forms of life. Is 

it, therefore, unreasonable to make use of the various 
rays in the treatment of disease? At the same 

time it is essential to recognize the limitations of 
physiotherapy. 

We are still convinced that there is a vast and 
beneficent field for part of this work in the hands 
of the general practitioner, and that the necessity by 
no means exists for curative work of this nature to 

be relegated wholly to the specialist, though there 
are some forms of treatment that are best left in 

his hands. 

To-day we have an almost complete realization of 

the fact that, just as the sun gives light, so, too, 
sunlight has a curative influence upon disease. 
The trouble is that we do not get enough sunlight. 

Happily, however, we know how to produce it arti- 
ficially. In our War Pensions Hospital experience we 
observed that patients who had languished in the 
wards responded at once when put outside on the 
open-air balconies. Foul discharging wounds which 

_had persistently resisted treatment immediately began 
to improve ; the men’s pale cheeks began to colour ; 
their appetites returned ; and, generally, their condi- 
tion became better. We never met a patient who, 
having once been put outside, wanted to come in 
again. Later, in general practice, we have seen th 
same wonderful change. e 

One case comes particularly to mind—that of a 
C | 
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man suffering from pernicious anemia. We persuaded 
him to stay out-of-doors in the sun for gradually 

lengthening periods. He had a revolving hut placed 

in his allotment, and here he was able to undress, 

to don a small bathing suit, and to have his grad- 

uated sun bath. He improved wonderfully; but 

bad weather came, his treatment became very spas- 

modic, and he seemed to slip back a little each 

time he was unable to get outside. So we resorted 

to artificial sunlight on sunless days. We obtained 

a quartz mercury vapour lamp and began systematic 

treatment with graduated exposures, until finally the 

patient was having a total daily treatment of forty 

minutes’ duration. 
The effect was most inspiring. The periods of re- 

lapse, so characteristic of pernicious anzemia, ceased ; 

he was able to attend his work for several hours 

daily; the number of his red corpuscles increased ; 

and the improvement continued for several months. 

Unfortunately a sudden attack of influenza took 

him away after only one day’s illness. He lived for 

five and a half years from the time the disease was 
definitely diagnosed from the blood examination. 
This, it should be said, occurred before the institu- 

tion of the successful method of treating pernicious 
anemia by means of a diet rich in liver. 

Having the lamp, we began using it for the treat- 

ment of other conditions in which we thought im- 

provement could be expected—especially those cases 

in which open-air treatment had been of help, and 

also in certain skin conditions. Patients convalescing 

after acute illnesses did particularly well, and equal 
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success was observed in cases of rickets which had 

_ not responded satisfactorily to cod-liver-oil treatment. 

Cases of hyperpiesis that had remained stationary. 

with medicinal treatment improved greatly with 
ultra-violet radiation. Very soon the lamp became 

indispensable. | 
No single therapeutic agent can. be a “ cure-all.” 

Each has its place in medicine, and a new method 

of treatment is brought into disrepute only when 
extravagant and unsubstantiated claims are made 

for it. Medicinal treatment, physiotherapy, dietetics, 
climatology —all have their appropriate uses. It can- 
not be denied that at present we are experiencing a 

boom in ultra-violet treatment in the lay Press, and it 
is certainly deplorable that, in this country, persons 

without any qualification whatsoever are allowed 
blatantly to advertise the administration of ultra- 
violet treatment. At the same time we do not con- 

sider that the statement so frequently made by certain 
members of the medical profession is correct-——namely, 
that ultra-violet treatment at present occupies an 
unreasonably exalted position in medical treatment 
and that it will rapidly sink to a much lower level 
than it at present occupies. 

We most profoundly disagree with this suggestion. 
Visits to hospitals in different parts of the country have 
shown us how utterly inadequate, in the great maj ority 
of cases, are the facilities for the administration of this 

¢ 

treatment, which is as yet in its infancy. 
Improvements in ultra-violet apparatus comparable 

with those which have taken place in Réntgen therapy 
are inevitable. Increasing knowledge of how to prepare 
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selective filters will make their use more frequent in 
the future. We realize only too well that treatment 

with natural sunlight is the ideal method in many 
forms of disease. But in spite of Willett’s wonderful 
daylight-saving measure it is an ideal often difficult to 
attain, particularly among the urban working-class 
population. In industrial towns suitable open spaces 
are often entirely absent, or difficult of access, and a 

working-class mother, especially if she has several 
small children, finds difficulty in taking these children 
out of doors for a sufficient length of time. Slums and 
smoke pollution aggravate the problem. The present 
state of affairs has been tolerated too long. En- 
lightened town-planning will avoid these grave defects 
in the future, and the promiscuous creation of slums 
will no longer be allowed. 

Even now it is insufficiently realized how deleterious 
the effects of smoke are ; how it shuts off the beneficial 

rays in sunlight, and what a tremendous amount ol 
extra work it causes in the home, especially in clean- 
ing and washing. Household hangings, which remain 
clean in the country for a year, have to be washed 
every two or three weeks in an industrial town. 

It has been found that, normally, the country 

districts surrounding Newcastle-on-Tyne enjoy twice 
as much sunshine as the city itself: 841 tons of im- 
purity per square mile have been found to fall in one 
year at a recording station situated in a manutacturing 
district of Newcastle, 413 at another in a crowded 

residential area, and only 263 tons at the smallpox 
isolation hospital on the Town Moor, which is less 
than two miles from the first-mentioned station. 

Photo) 
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It may be mentioned that the 841 tons just re- 

ferred to 1s the heaviest recorded deposit in the United 

Kingdom. 

Food must not be adulterated, water must not be 

Fic. 1.—Newcastle-on-Tyne and its Smoky Pall. (Reproduced from The 
Newcastle Daily Journal. ) 

contaminated, yet anyone may pollute the air we 
breathe practically without hindrance. * 

The air we inhale in twenty-four hours is six times 
heavier than the food we eat in the same period. If 
unpalatable food has been taken we can rid the system 
of it, but it is not possible to do this with the air we 
breathe. | 

During recent coal strikes, with the accompanying 

[James Bacon W Son 
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closing-down of factories, the increase in visibility 
was most noticeable, and one realized then how great 

is the pollution of the atmosphere by smoke. 
Hundreds of thousands of pounds sterling are being 

spent annually in this country in renewing stonework 
that has been destroyed by the sulphuric acid formed 
from smoke. 

The erection of factories on the leeward side of 

towns is helpful in new town-planning proposals. 

But the total abolition of smoke is really of much 

- more importance, and one way in which this could 

be achieved is by lowering the cost of electricity. 
It is its present dearness that hinders its more uni- 
versal adoption. Of course the use of coke, coalite, | : 

and other smokeless fuels, aids smoke abolition, but Fic. 2.—An Express Train passing through Newcastle-on-Tyne. 

the cheapening of the cost of electricity is the crux of | 
the matter. A more general electrification of railways 
and factories would play its part too. 

Our hospitals for in-patients should, if possible, be 
in the country, away from the smoke of towns, and 
the facilities for putting patients outside on verandas 
or balconies should be greatly increased. Again, in- 

directly, the health of the community suffers by 

the consumption of milk from cows grazing in fields . 

adjacent to towns, and ol market produce grown 

under similar conditions. 
We would urge the more general use of either nepal 

or artificial sunlight in the treatment of disease. As 
we have said, we think general practitioners, alter 

suitable instruction, should use this method of treat- 

ment themselves in a great number of cases, so as to 

make it available for every class in the community. 

a) a 

Fic. 3.—The Smoky Aftermath. 
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The cost is not too great to make its universal adoption 
possible. 
Ultra-violet radiation is certain to be re! 

Fra. 4.—A Steamboat on the River Tyne emitting dense 
clouds of smoke which are obscuring the sun. (Comment 
photograph by A. L. Hitchin, F.R.P.S.) 

increasingly in the future. “Sun ray” lamps will 
have to be installed in all hospitals, especially in 
those for diseases of the skin, throat, nose and 
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ear, and eye. Ante-natal clinics, tuberculosis clinics 
and sanatoria, and mental hospitals will also require 

ultra-violet equipment. 
The value of ultra-violet radiation in surgical 

practice, particularly in the operating theatre, is just 
beginning to be realized, and the results of the pioneer 
work at the famous Necker Hospital, Paris, will soon 
be known all over the world. 

Special ultra-violet clinics will undoubtedly have to 
be established in the centre of our densely populated 
urban districts, so as to be able to cope satisfactorily 

with the need for preventive and curative treatment 
of this nature. 

General hospitals alone will never themselves be 

able to satisfy the ever-increasing demand for ultra- 
violet radiation, more especially where (as so often 
happens) X-ray diagnosis, electrical treatment, and 
ultra-violet radiotherapy are all crowded into one 
department, and where X-ray diagnosis alone often 

absorbs the greater part of the time of the honorary 
medical officer. 

We consider that the special ultra-violet clinics to 
which we have referred are destined to play a very 
important part in the fight against disease and to 
give a fairer chance at last to preventive treatment, 
which is naturally the ideal form of procedure. 
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ULTRA-VIOLET RADIATION 
AND ACTINOTHERA PY 

CHAPTER I 

HISTORICAL 

Sun Worship among Primitive Races, and the Greeks and 
Romans—The Industrial Revolution—The Discovery of the 
Spectrum and of Invisible Radiation—-Pioneer Discoveries 

in Light and Electricity—The Pioneers of Actinotherapy— 
A Short Account of Finsen’s Life 

In the beginning God said: “‘ Let there be light.” 
The sun was worshipped as the source of both life 
and light in very early times. Light was recognized 
as the bringer of health and happiness, as the power — 
that overcomes the dread darkness associated with 
death and destruction. 

The pastoral Aryans worshipped the sun, the great 
Lord of all, to whom they gave the name Dyaus, from 
which is derived the Latin deus and our own word. 
Deity. The Persians were sun worshippers too, and 
gave the name Mithra to their god; in Egypt the 
sun-god was called Ra; in Greece, Helios; and he was 
known by the Romans as Sol. The temple at Heliopolis 
was a centre for sun worship. 

Hippocrates, the father of medicine, who lived on 
the little Greek island of Cos about 460-370 B.c., 
practised heliotherapy at the temple named after 
AEsculapius, the son of Phcebus Apollo; Cornelius 

43 
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Celsus and Galen, who lived about A.D. 130-200, also 

used sun treatment. Covering the head and exposing 
the rest of the body to the sun was a favourite practice 
among the Greeks and Romans. 

Cicero describes the solaria that wealthy Roman 
citizens often had constructed at their country villas, 

“es o 
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Fic. 5.—Is this the earliest record of the Irradiation of the Body and of 
Foodstuffs? (From Zhe Rock Tombs of El Marua.) 

the solarium generally being a terrace on the flat roof 
of a house. 

In Peru the Incas were looked upon as gods, being 
considered children of the sun; they treated syphilis 
by heliotherapy. In our own country the Druids 
deified the sun, Stonehenge being associated with this 
worship ; and is not our Sabbath still called Sunday ? 
With the advent of Christianity there was a revulsion 
against all pagan practices, and, during the Dark Ages, 
heliotherapy fell entirely into oblivion, and there was 

m@— tr Ah Wee i Se eet A 
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no appreciable revival until the end of the eighteenth 
century. 

Even. to-day fire worship plays an important part 
in two great religions: the Parsees worship fire as the 
visible symbol of Ahura-Mazda, the eternal principle 
of light, and the Brahmans consider light divine. 

In Southern Bolivia the Chiriguanos Indians often 
pray to the sun, using these words: “ Thou art born 

and disappearest every day, only to revive always 
young ; cause that 1t may be so with me.” 

This country has been too apt to overlook the vital 

- importance of sunlight to the human race, especially 
since the beginning of the industrial revolution, that 
was ushered in with the first use of coal for producing 
power. New towns rapidly sprang up, badly laid out, 
and with no attempt at town-planning. Factories 
were hurriedly built, and were allowed to use coal very 

wastefully, with the consequent production of large 
quantities of smoke, which cut off most of the valuable 

rays of sunlight. 
The taxes that had been levied on windows were 

repealed only in 1851; and even now bricked-up 
windows can be seen, showing where steps had been 
taken to lighten the burden of the tax. 

Narrow streets were built, into which the sun could 

rarely shine. 
Sir Oliver Lodge explains the problem simply in 

the following words: ‘* When the most efficient parts 
of sunlight are excluded, the organisms which flourish 
are of the lowest kind; and the higher organisms are 
apt to succumb to their ravages when unaided by 
the beneficial influence of sunlight.”’ 
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It is too often forgotten that ,sunlight contains, 
besides light and heat, other forms of radiant energy 
very helpful to the most wholesome forms of growth. 

Fic. 6.—The Old Style.’ Slum Property: in 
Newcastle-on-Tyne. 

The centuries-old saying, “Light is the life of 
man,” is only now beginning to be realized in its 
whole significance. 

Heliotherapy is therefore not a new form of 
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treatment, but a very old practice revived. It teaches 

only what Hippocrates, Celsus, and Galen preached 

hundreds of years ago. 

In 1666, Sir Isaac Newton discovered that white 

sunlight is composed of many different colours—red, 

Fic. 7.—The New Style. Council Houses on the Pendower Kstate, 
Newcastle-on-Tyne. 

orange, yellow, green, blue, indigo, and violet—and he 

opened up the path to the various fields of invisible 
radiant energy and to the production of artificial 
therapeutic rays by this discovery of the spectrum. 
Even Newton was aware of only the spectrum of 
visible light, and he also thought that luminous bodies 
actually shot out small particles or corpuscles with 
tremendous velocity, the corpuscles being able to pass 
only through transparent bodies. 
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In 1678, Christiaan Huygens formulated the wave 

theory of light, which assumes that there is a univers- 

Fie. 8.—Oscar Bernhard, M.D., St Moritz. 

ally diffused medium that undergoes some form of 
regularly repeated physical change. 

In 1733, Dufay discovered that there are two kinds 
of electricity. 

In 1774, Faure treated ulcers with solar rays, and, 
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soon after, other workers used lenses to focus the rays 

of the sun on open wounds. 
In 1777, Scheele described the action of light on 

certain silver salts. 

In 1779, Ingenhouse showed that it is the light of 

the sun and not its heat that enables the chlorophyl 
of the green leaf to dissociate carbon dioxide. 

In 1779, Bertrand published essays on The Influence 
of Light on Living Organisms. | 

In 1799, Volta announced the discovery of the 

voltaic battery. | | 

In 1800, Sir Wiliam Herschel, repeating Newton's 
experiment, placed a clinical thermometer before each 

colour of the spectrum, and noticed that when 1t was 
placed. beyond the limit of the visible red rays it con- 
tinued to rise, which proved the existence of invisible 

radiant energy. These rays, owing to their position 
in the spectrum, were named “infra-red” rays, and 
because of their properties they are known as heat 
rays. | 

In 1801, Ritter, noticing that silver chloride was 
blackened by invisible rays situated beyond the limit 
of the visible violet rays, rightly concluded that 
other radiant energy, invisible to the eye, is present 

in the ether. These rays, owing to their position in 
the spectrum, he termed “ ultra-violet’ rays, and 16 
is these rays, of all those in the solar spectrum, that 
have been proved to exert the greatest therapeutic 
influence. 

In, 1802, Sir Humphry Davy first produced the 
electric arc. This epoch-making discovery made 
artificial radiotherapy possible. : 

D 
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In 1815, Fraunhofer discovered the dark lines in 
the solar spectrum. 

In 1820, Grotthus foiuleea the photochemical 
absorption law. 

In 1820, Hans Christian Oersted discovered that a 
magnetic field is created round a wire connecting the 

two terminals of a voltaic battery. 
In 1831, Faraday made the fundamental discovery 

that an electric current 1s induced when a conductor 
cuts across lines of magnetic force; this made the 
construction of the dynamo and other electrical 
apparatus possible. He found that an electric current 
is created in a wire loop by simply moving a magnet 
towards or away from it. 

In 1835, Daguerre took the first photographs. 
In 1845, Bonnet drew attention to the great value 

of heliotherapy in the treatment of tuberculous osteo- 

arthritis, advising both local and general application. 
In 1854, Bunsen perfected the spectroscope. 
In 1862, J. B. F. Foucault and A. H. L. Fizeau 

devised an experimental method of determining the 
velocity of light. 

In 1865, Clerk Maxwell demonstrated that light is 
due to electro-magnetic vibrations in the ether, and 
that the vibrations all travel through space at the 
same speed. 

In 1876, Professor A. H. Rowland discovered that if 

an electrified body 1s moved a magnetic field is created 
round it. 

_ In 1877, Downes and Blunt proved the bactericidal 
properties of light. 

In 1879, Sir Wiliam Crookes, while experimenting 
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swith a vacuum tube excited by a_ high-tension 

source of electricity, discovered cathode rays; later, 

in 1897, Sir J. J. Thomson showed that these rays 

consist of particles of negative electricity called 

electrons. 
In 1885; A. A. Michelson determined the velocity 

of light to be 186,326 miles per second. 

In 1886, Heinrich Hertz discovered by means of 

his oscillator that electro-magnetic waves can be 
produced in the ether with all the fundamental! 
properties of light waves, but differing from them in 
wave-length, frequency, and penetrating power. 

In 1889, Widmark showed that it is the ultra- 

violet rays in sunlight that cause erythema and 

pigmentation. | 
In 1893, Finsen published his early experiments on 

the physiological action of solar radiation and the 
rays from arc lamps, and announced the results of his 
treatment of tuberculosis of the skin by means of the 
“ Finsen Light.”’ 

In 1895, Wilham Conrad Ronteen discovered 

X-rays. 
In 1896, Becquerel discovered the radiation given 

off by uranium. 
In 1897, Su J. J. Thomson demonstrated the 

existence of electrons. 
In 1898, the Curies discovered radium and other 

radio-active substances. 
In 1900, on the first day of May, Finsen’s light 

treatment was introduced into England. 
In 1902, Bernhard of Samaden treated wounds 

and tuberculous lesions with sunlight. 
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In 1903, Dr Rollier opened his first. clinic at Leysin, 
in the Vaudois Alps, where he obtained excellent 

Fie. 9.—Auguste Rollier, M.D., Leysin. 

results in the treatment of tuberculosis, especially of 
the surgical type, by insolation in the brilliant Alpine 
sunshine. 

In 1904, Kromayer designed the water-cooled quartz 
mercury vapour lamp for local treatment. 
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~ In 1908, Sir Henry Gauvain introduced heliotherapy 
at Hayling Island and at Alton. 3 

Fie. 10.—Franz Nagelschmidt, M.D., Berlin. 

In the same year Nagelschmidt used the air-cooled 
quartz mercury vapour lamp for general irradiation 
of the body. | 

In 1913, Reyn commenced general carbon-arc-bath 
treatment. [t1s, however, very interesting to remember 
that as long ago as 1895 Finsen wrote: ‘I believe 
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implicitly that, in the future, use will be made of this 

new therapeutic agent and it will be easy to carry 1t 

out practically under the form of light baths . . . that 

is, the exposure of the whole body to the chemical rays 

of light.” | 
In 1918, Huldschinsky first showed the value ot 

ultra-violet rays in the cure of rickets. 

In 1924, in December, the Sunlight League was ~ 

formed, with the late Queen Alexandra as its patron. 

The League has for its objects the abolition of smoke, 
dirt, and slums; and the education of the people in 

regard to the hygienic value of sunlight as a means 

of health, teaching that it is a stimulant, a tonic, and 

nature’s universal disinfectant. 
In 1926, in March, the monthly magazine, The 

British Journal of Actinotherapy, first appeared. 

In 1927, The Society of Actinology and Actino- 

therapy was formed, with Sir Henry Gauvain.as its 

first President, and Professor Leonard Hill as its 

Vice-President. 

A Ssortr Account oF FINSEN’s LIFE 

Niels Ryberg Finsen, the founder of modern actino- 

therapy, was born on the 15th of December 1861, at 

Thorshavn, in the Faroe Islands, where his father 

was chief magistrate. The Finsens are, however, an 

old Icelandic family. Finsen’s father was married 

twice, Niels Ryberg Finsen being one of the four chil- 

dren of the first marriage. One of his brothers was 

Postmaster-General in Copenhagen. As a boy, Finsen 

was very fond of an outdoor life, climbing, fishing and 

ats. 
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shooting, and he did not relish the restriction of his 

personal liberty when he was sent to a boarding school 

Fie. 11.—Professor Niels Ryberg Finsen. 

Born 1861, in the Faroe Islands. Died 24th September 1904, 
at Copenhagen. 

in Denmark. At school he was a rather backward 
pupil, one of his reports reading: “ Niels Finsen is a 
thoroughly good boy, but his abilities are small, and 
he is rather lacking in energy.”’ 
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~ When Finsen was fifteen years of age his father 
took him from the Danish boarding school and sent 
him to continue his education at Reyjavik, the capital 
of Iceland, where he remained for six years. 

The drawback of this change was that everything 
had to be learned in a new language—and by no 
means an easy one. The severe climate of Iceland, 
with its cold sunless winters, did not help Finsen 
physically, and he soon began to feel that something 
was amiss. Although he was intensely fond of climb- 
ing, he found that he had to give up this strenuous 
form of sport, and content himself with yachting and 
shooting—he was an excellent shot and won many 
medals. 

In 1882, he became a medical student at Copen- 
hagen, where he boarded with a hundred others at 
Regensen’s. While there he found that he could work 
better in his chum’s room, which was sunny, than 

in his own less cheerful room; and later, realizing 
the stimulating effect that sunshine had on him, he 
spent a part of each day walking up and down the 
sunny pavement at St Annceplads, where he had 
come to lodge. 

Finsen now began to wonder why sunshine had this 
wondertul effect on him, but on consulting his copy 
of Hermann’s Physiology he was unable to find any 
reference to light in 1t except in connexion with sight. 
A little incident that occurred about this time 

greatly interested Finsen. He saw a cat lying con- 
tentedly sunning itself on a flat roof just below his 
window. Atter a short while the shadow reached it 
and the cat moved into the sunshine again ; this little 
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action was repeated several times, and Finsen realized 

that by instinct the cat sought the sunshine. This was 

the genesis in Finsen’s mind of the sun or light bath, 

and later he read about the Greek and Roman solaria. 

In 1889, Finsen became engaged to Ingeborg, 
daughter of Bishop Balslev. 

In 1890, when Finsen had finished his medical 

course, he was appointed demonstrator of anatomy. 

He had always shone in this subject, because he was 
particularly clever with his hands. He continued his 

anatomical work for three years, but suffered from 

ill health during the whole of the period. — 
While on holiday at his father-in-law’s house at 

Ribe, in 1892, Finsen first began experimenting with 
sunlight. He tried the effect of it on his own skin. 

First he painted a two-inch strip on his forearm (which 
was usually covered by his coat-sleeve) with Indian 
ink, and exposed the arm to strong sunlight for nearly 
three hours. Some hours later he washed off the ink 
and found that the skin underneath was quite white, 
whereas the surrounding skin was intensely red, there 
being a very marked contrast between the two. Two 
days later he noticed that the redness had disappeared 
but the arm was pigmented, except in the white 
area, which was unchanged. Once more he exposed 
his arm to the sun, but this time without paint- 
ing it, and later he found that the white area now 
turned red, while the surrounding skin was scarcely 
affected. | 

This phenomenon answered a riddle over which he 
had often pondered: why negroes have the warmest- 
coloured skins and people living in northern countries 
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the coldest, the property of black objects being to 
absorb visible rays and convert them into heat, 
whereas white objects remain cold because they reflect 
visible radiation. 

Finsen then began to wonder, seeing the effect of — 
sunlight was so strongly marked on normal skin, 
what the effect would be if the resistance of the 
body were lowered by disease, and he later evolved 
the “Red Room” treatment of smallpox, having 
noticed that in this disease the scars are usually most 
marked on the parts of the body usually exposed to 
light. He made the suggestion that smallpox patients 
should be treated in rooms with red windows similar 

to those used in the photographic dark-room. There 
was no smallpox in Copenhagen at the time, but in 
the summer of 1893 an epidemic broke out in Bergen, 
and Hinsen’s suggestions were followed out with great 
SUCCESS. 

In November 1893, Finsen wrote an article on 

“The Harmful Influence of Chemical Rays on the 
Animal Organism,” and in this he showed that bac- 
teria thrive best in darkness and can be killed by 
exposure to light. : 

Hinsen’s first work aimed at the exclusion of the 

blue-violet rays of light ; now he began to study their | 
effect on organisms. He differentiated certain animals 
into those which seek the light and those which prefer 
darkness. 

First he made a box, the lid of which was made of 

strips of different coloured glass—red, yellow, green, 
and blue. He put some earthworms into the box and 
found that in a very short time they were all lying 
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under the red strip of glass. Certain beetles, earwigs, 

and wood-lice acted in precisely the same way. 

Butterflies were next tried, and soon most of them 

were moving about under the blue glass. A few settled 

under the red glass, but these were all in a resting 

condition with folded wings. 7 

Ripe salamander eggs, with the embryos plainly 

visible in the shells, were also placed under these same 

coloured glasses, and the number of movements were 

counted. Forty-six movements were noticed under 

blue light, eight under green, none at all under 

_ yellow, and six under red. 

Finsen came to the conclusion that ght, besides 

having illuminating and heat-producing properties, 

has also a chemical effect, which can be destructive 

to life (as is seen in the case of bacteria), or can be 

stimulating, producing development and movement. 

Chemical rays bring energy, transformed in different 

ways, to the body that absorbs them. : 

Finsen then began to advocate the use of “ light 

baths” as distinct from radiant-heat baths, making 

use of the cold, so-called chemical rays. 

He wrote: “My electric light bath consists of a 

circular room in the middle of which are two gigantic 

arc lights of 100 amperes suspended about 6 it. Irom 

the floor, and by numerous radiating partitions bath 
chambers are formed in which the patients lie naked 

on couches.” 
Finsen next began to experiment with concentrated 

light, passing the sun’s rays through lenses, made in 
the first instance of glass, and finally of quartz, and 
cutting out the heat rays by passing the radiation 
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through clear water; it was, however, found neces- 
sary to absorb the red and yellow rays too, and so 
he coloured the water with methylene blue. 
He performed some experiments on his wife’s ear, 

and found that there was much greater penetration of 
the rays if the blood was pressed out of the tissues. 
He was able to show that no darkening of photo- 
graphic paper took place, unless it was held behind 
the lobe of an ear that was compressed. 

Soon Finsen found that it was impossible to rely 
on sunlight in northern latitudes, and he therefore 
began to experiment with arc lamps. 

In November 1895, Finsen was allowed by the 
manager of the Copenhagen central electric power 
station to experiment in his laboratory. It had been 
noticed that cases of lupus of the face were invariably 

_a little better during the summer months than in the 
winter. Hinsen therefore decided to test his theory of 
positive light treatment by applying it to this disease. 
The treatment of lupus at this time, by scraping, 
by the application of caustics, by excision with skin 
graits, etc., was very unsatisfactory. It generally had 
to go on for years, and even if healing were effected, 
unsightly scars were left. 

Mr Hansen, the manager of the Corporation Elec- 
tricity Works, was a little doubtful about the pro- 
priety of allowing Finsen to treat patients actually 
at the works; but it happened that a friend of his, 
a Mr Mogensen, was suffering from lupus of the 
face, and had had the disease for eight years; and 
he became Finsen’s first lupus patient. ‘Treatment 
was given from November 1895 until March 1896, 
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when the lupus was entirely cured. A very primitive 

form of arc lamp was used. 

About this time some friends were able to get 

Finsen a small money grant of £65 to help with his 

work. He began to feel at this period that he had not 

very long to live, and he made superhuman efforts to 

ensure that his ideas should be adopted and put into 

practical use. 

At the time that Engineer Mogensen was receiving 

arc-light treatment Finsen had a very severe attack 

of pneumonia, and this made him all the more anxious 

to develop his light treatment quickly. He luckily 

managed to interest several influential men, foremost 

among them being Mr Hageman and Mr Gorgensen. 

The help of these two men proved invaluable, so that 

in October 1896, with the mayor, Mr Borup, as chair- 

man, ‘‘ Finsen’s Medical Light Institute”? was formed 

“to make and support scientific research concerning 

the action of light upon living organisms, and especi- 

ally to oR the results to the service of practical 

medicine. ”’ 
At first a small ‘Adis in the Municipal Hospital 

garden was used. In return for free electric current 
Finsen promised to give treatment to those patients 
in the municipal hospital who required it. Only fitteen 
patients were treated in the first five months that 
the Institute was open. In 1897 the total reached 
seventy-three. Now more than two hundred patients 
are treated every day. 

Finsen published.a short paper in December 1896 
n “The Use of Concentrated Chemical Light: Rays 

in Medicine.”” Knowledge of the results that were 
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being obtained by the new cure for lupus soon spread 
abroad, and in a very short time there were a hundred 
names on the waiting-list. Queen Alexandra was a 
very warm supporter of Finsen from the beginning, and 

she persuaded King Edward and other royalties to 
visit the Light Institute. Asa result, Light Treatment 
Centres were opened in most countries. 

Soon the little building in the Municipal Hospital 
grounds became quite inadequate for the work, and 
on the 12th August 1901 the present Institute was 
opened, a Government grant. of £12,000 having been 
obtained. The work rapidly progressed. 

On 10th December 1903, Finsen was awarded the 
Nobel Prize. He spent most of the summer of 1904 
in the country: he was very ill, ascites and a very 
troublesome cough causing him a great deal of dis- 
tress. He was unable to walk, and had to be wheeled 
about in an invalid-chair by his wife. In September 
he moved back to Copenhagen and spent a consider- 
able time in discussing the affairs of the Institute. 
On the 24th September he died peacefully, shortly 
after having said good-bye to his assistants. Thus 
he passed at the early age of forty- -three; but his 
spirit still lives. 
Reyn says that Finsen left at his death the complete 

designs of a clinic in which investigations were to 
be undertaken for the purpose of ascertaining more 
exactly what affections would lend themselves to 
treatment by general light baths, and among the 
diseases for which this treatment was to be used he 
expressly mentioned tuberculosis. 

Quite recently large new hospital buildings ae 
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been erected, having nearly two hundred beds for 
in-patients. The present Finsen Institute buildings. 
are situated on the wide Strand Boulevard, within a 

stone’s-throw of the sea, the new in-patient hospital 
facing the boulevard. In the grounds are the Radium 
Institute, the older building tor the Finsen local treat- 
ment, the Light Baths building, and the hospital for 
the treatment of internal diseases by actinotherapy. 

In spite of all his sufferings, Finsen had a strong 
sense of humour. In writing about an American, 
General Pleasanton, who had written a book on “ The 

influence of the blue ray of the sunlight and of the 
blue colour of the sky in developing animal and vege- 
table life, in arresting disease, and in restoring health 
in acute and chronic disorders to. human and domestic 
animals,” he says: “The General’s book, printed on 
blue paper, and bound in blue, makes one think, 
however favourably disposed one might be, that its 
contents could hardly fail to be coloured also ! ” 



CHAPTER II 

RADIANT ENERGY 

The Ether—The Theory of Light—Waves—Sonrces of Light— 

Rate of Transmission of Radiant Energy—The Electro- 

Magnetic Spectrum—Properties of Different Forms of 

Radiation—Luminescence—Prismatic Analysis—The Solar 
Spectrum—Recent Discoveries in the Electro-Magnetic 
Spectrum—Divisions of the Ultra:Violet Region 

RADIATION is thought to consist of waves in an all- 
pervading medium, which we know is not air, because 

the atmosphere extends for a very small distance in- 
deed. The name “ether” has been applied to this 
elusive something, which cannot be described, because 

the ether is not perceptible by any of our senses. It, 
however, must possess some form of elasticity and 
resist changes in itself, because these prorerties are 
essential for wave-motion; it must also have inertia 
or mass, so that it persists in motion. It has always 
been realized that it is inconceivable that any action 
could take place through space between two widely 
separated bodies unless there were some medium of 
communication between them. There must be some- 
thing in space that vibrates, and that “‘ something ’”’ 
must extend to the farthest object we can see, and 
far beyond, to the most distant star. 

The Theory of Light.—The undulatory theory sup- 
poses that light is propagated as a succession of waves 
in the ether, much as waves in water are propagated ; 
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light is thus defined as an electro-magnetic disturbance 
of the ether. | Mere 
We know that water always finds a level, and resists 

anything that tries to disturb its level. If we depress 
the surface of the water at one place it becomes heaped 
up at another and waves are formed. A floating object. 

at sea does not actually move forward with the waves ; 
it is only raised up, pushed forward a little, then let 
down and pulled back again. The actual particles of 
water in the wave change from moment to moment. 
Wave-motion occurs-when particles of any material 
move so that they successively start from and come 
back again to a given point. 
Waves have certain properties in common, and 

these can. be most easily realized by considering waves 
on the surface of water. 

Wave-length is obtained by measuring the distance 
between the crests of two waves; amplitude is half | 
the perpendicular distance between the crest and 
trough of a wave; the frequency is the number of 
times a second the cycle of movements is repeated at 
one point. Wave-velocity is obtained by multiplying 

the wave-length by the wave-frequency. 
When light is transmitted through the ether, just 

as when waves are transmitted over the surface of 
water, the oscillations are transverse to the direction 

of the motion. The rate of propagation through 
the ether is the same for all the oscillations, but 
they vary over a long range in their number of 
vibrations per second and, consequently, in their 
wave-length. 

It seems to be generally agreed now that light is 
E 
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the result of waves of energy caused by the vibrations 

of electrons and transmitted through the ether. 

Bohr found that the hydrogen atom consists of a 

nucleus or proton with a negative electron revolving 

round it, like a planet round the sun, in one of several 

possible orbits, and that every spectral line emitted 

by a substance can be accounted for by the dropping 

of an electron from one alternative orbit to another. 

Electrons taken collectively constitute negative 

electricity. | | 

Sir Oliver Lodge considers that the physical universe 

consists of : | 

(1) Positive electric charges ; 
(2) Negative electric charges ; 
(3) The radiation due to sudden movements and 

rearrangements of these charges. 
Electrons and protons arranged in various ways 

form the atoms of all the different elements, of which 

there are probably ninety-two in all, though one or 

two are as yet undiscovered. Radiation is always 

emitted in jerks, and is started whenever an electron 

drops nearer to the nucleus of an atom. 

It has been found that each element has its own 

characteristic spectrum at a given temperature. H 

it be visible, the wave-lengths determine its colour, 

and their amplitude its brightness, and so from the 

colour of the light the rate of vibration of the atom 

can. be ascertained. 
Prismatic analysis proves definitely that every atom 

of matter has its own definite rate of vibration, Just 

as a bell has. It may emit several colours, or only one, 

and the number it emits may depend on the extent to 
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which it is heated. In fact it is now thought that 

the only way in which light can be produced is by the 
vibration of electrons. For instance, every free atom 

of sodium vibrates in the same way, whatever other 

element it may be combined with, and whether it 

exists in the earth, in the sun, or in the most distant 

star. When a metal is heated to incandescence it 

sets up waves of energy: the waves differ in their 
frequency of vibration and in their wave-length, and 
the frequency increases proportionately with ‘the de- 
crease In wave-length. A poker can be heated in the 
fire, first, to redness, and then, ata higher temperature 
to white heat. | ; 

Sources of Laght.—The natural sources of light are 
the sun and the stars, these being bodies undergoing 
combustion, and therefore self-luminous. The sun is 
giving off vibrations of the most varied nature and 
wonderiul complexity, all these varying vibrations 
occurring in the ubiquitous ether. Sir Robert Ball 
in his book on the sun, marvels at the wonders of the 
sun's radiations. To quote his own words: 

| ~ When we think that the sun pours forth its radia- 
tions with such prodigality that our Earth is only able 
to intercept the two-thousand-millionth part of the 
whole; when we think that the other suns in space 
to the number of many millions, are each of hen 
simultaneously filling the ether with their orchestra 
of vibrations ; when we think of the marvellous 
delicacy with which that medium transmits all these 
vibrations, we begin to realize the majesty of the 
words, * Let there be Light.’ ” 

fate of Transmission of Radiant Energy.—It has 
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been found experimentally that light, in common with 

other radiant energy, is transmitted through space 

at approximately 186,326 miles (300,000 kilometres) 

per second, the velocity being independent ot the 

frequency and of the wave-length. The sun's rays 

reach the earth in eight minutes. All electro-magnetic 

waves can travel a distance equal to eight times the 

circumference of the earth in a second. 

Astronomers use the term “ light-year ” to describe 

the distance travelled by a ray of light in a year, and 

this is equal to almost six million million miles. Alpha 

Centauri, the nearest star to the earth, is at a distance 

of four light-years from us, the pole-star is forty-four 

light-years away, and the five middle stars of the 

Plough are one hundred and eighty light-years away. 

Recently a star cloud has been found which 1s 

700,000 light-years away, and in which some of the 

brightest stars are about 30,000 times as luminous 

as our sun. , 

It has been noted that only a very short range 

of radiant energy is perceptible to the human eye, 

which is excited by only an octave of light—that is, 

the waves at the violet end of the spectrum are pul- 

sating at twice the rate of the waves at the red end. 

The spectrum extends for many octaves beyond its 

visible limits. 
The Electro-Magnetic Spectrum.—The part of the 

spectrum that lies beyond the visible violet can be 

directly observed by the aid of photography, or by 

means of special fluorescent screens. It is necessary, 

therefore, to think of a greatly enlarged spectrum 

—the electro-magnetic spectrum—consisting at one 

99 
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extremity of the series of Hertzian or wireless waves, 

the leneth of which is measured in miles, and then 

including successively several octaves of infra-red 

rays, the single octave of the visible spectrum, the 
ultra-violet region, X or Rontgen rays, the gamma 
rays given off by radium, with a wave-length of 1:4 A 
downwards (A or an Angstrém unit being equal to 
one ten-millionth part of a millimetre), and_ finally 
the ‘‘ultra-gamma”’ or “cosmic” rays, to which 
Professor R. A. Milikan has recently drawn attention, 

and which have been found to have most remarkable 
properties of penetration ; and who can say whether 
even these form the other extremity of the electro- 
magnetic spectrum % 

Luckiesh says: “If a normal spectrum of this en- 

tire range of wave-lengths of radiant energy could be 
produced and the portion of 1t due to visible radiation 
—light—were one foot long, the entire spectrum would 
be several million miles in leneth.”’ 

It has been proved that the velocity of the propa- 
gation of electro-magnetic induction through space is 
the same as that of light. 

Hertz produced waves from the oscillatory dis- 
charge of a Leyden jar, and showed that these waves, 
which have very long wave-lengths, follow the same 
rules of reflection, refraction, and polarization, as light 

waves. ‘l'hey also travel at the same velocity. It is 
thus considered that radiation is caused by the rapid 
vibration or oscillation of electric charges. within the 

atomic or molecular structure, the oscillations being 
continuously maintained at the definite frequency 
corresponding to the wave-length emitted. 
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X-rays, like light, are considered to be ether waves, 

but their length is very much shorter than that otf 
visible light waves. 

Infra-red rays behave in the same way generally as 
light. They are reflected and refracted, and the law 
of inverse squares also applies. By means of ebonite, 
which is transparent to all waves longer than the 

visible, it is possible to isolate the infra-red rays 
by absorbing the visible radiations. In a uniform 
medium light travels in straight lines. When an 
eclipse occurs light and heat are cut off at the same 
time; hence both must travel at the same enormous 

speed. 
The ultra-violet spectrum is found to be continuous 

with the visible spectrum. Ultra-violet radiations are 
capable of being reflected and refracted according to 

the usual laws. They can be caused to interfere, and 

can be polarized by crystals—for instance, tourmaline 

—in exactly the same way as ordinary light. 
- When waves are absorbed by a blackened surface 

their energy is converted into molecular energy or 

heat. The molecules of the absorbing substance, 

being set in motion, in their turn become sources of 
disturbance in the ether, and generate waves in it. 

Lord Kelvin estimated that every square foot of 

the sun’s surface radiates energy at the rate of 7000. 

horse-power. 

Luminescence.—Generally, when light is absorbed 

by a substance it is converted into heat, but sometimes 

luminescence results—that is, there is an emission of 

light from the absorbing body. Luminescence includes 

photoluminescence, which can again be divided into 
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fluorescence and phosphorescence, in both of which 
light of a certain wave-length falling on a substance 
results in the emission of light of a longer wave- 
length. If the luminescence exists only when the 
exciting rays are acting it is called fluorescence. If it 
continues after the stimulus has ceased it is called 
phosphorescence. These phenomena are probably due 
to the motions of electrons separating from and 
recombining with their parent atoms. Janet Clark 
clearly describes the reaction as follows : 

“Tn true photo-electric effect the electrons are lost 

from the substance ; in fluorescence they return to 
their original atom ; in photo-chemical reactions they 
attach themselves to some other atom or group of 
atoms. ” | : 

X-rays and ultra-violet radiations passing through 
the air cause it to conduct electricity, the 1onizing 
effect of X-rays, however, being much greater than 
that of ultra-violet rays. 

Prismatic Analysis.—In 1801, Ritter and Wollaston 
showed that when sunlight is passed through a prism 
the dark area beyond the violet of the resultant 
spectrum contains rays capable of blackening silver 
chloride. | 2 

Prisms in general have the effect of breaking up or 
dispersing a beam of rays projected on them. There 
is comparatively slight refraction in the visible 
spectrum, but it 1s considerable in the ultra-violet 
portion. In the region 2000 A the separation corre- 
sponding to a given difference of wave-length is ten 
times as great as in the region 4000 A. This renders 
the study of ultra-violet radiation a matter of greater 
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ease than that of the regions of longer wave-lengths. 

A point, however, is reached when the material of the | 

prism, even though it may be of quartz or fluorite, 

absorbs the radiation projected on it. Another means 

of studying the shorter rays has to be adopted, and 

the diffraction grating is made use of. This con- 

sists essentially of a thin sheet of glass or metal on 

SCREEN 

PRISM 

Fra. 12.—Diagram showing a Prism splitting up Radiation into its Component 

Parts, the Violet and Ultra-Violet Rays being more refrangible than the Red 

and Infra-Red. 

which a large number of fine lines have been ruled 

very close together, the lines being parallel and 

equidistant. | | 
Obviously there is a limit to the closeness of lines 

ruled mechanically, but nature has provided a finer | 

separation in certain crystals (consisting of layers | 
arranged one behind the other and containing | 
regular assemblages). By means of these the wave- _ 

lengths of X-rays have been measured and found to 
vary from 1019 A to 0:06 A in length. The shorter 
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the wave-length the greater its penetrative power or 

hardness. 

The Solar Spectrum can be divided roughly into 

visible and invisible portions. The visible spectrum 

is composed of the seven well-known colours—red, 

orange, yellow, green, blue, indigo, and violet—one 

colour merging gradually into the next. Hach of 

the colours represents a movenient of the ether, with 

its own average wave-length—namely, 

Colour Wave-Lengths Average Frequency 
: A Million Millions 

per sec, 

Red . ; ; . 7700-6200 O70 

Orange . 6200-5900 541 

Yellow ; . §900-5500 571 
Green. we. . 5500-4900 595 
Blue and indigo . . 4900-4300 645 

Violet : . 4300-3900 750 

These frequencies are, however, only approximately 
correct, and should be looked on as rough averages of 

the wave-lengths given. 
The visible spectrum thus extends from 7700 A to 

3900 A. | 
In the solar spectrum Fraunhofer’s lines are present. 

These correspond to radiations emanating from the 
central mass of the sun, but absorbed by its cooler 
periphery. In the case of light it is known that many 
of the dark lines in the absorption spectrum of a body 
are in the same position as the bright lines in its emis- 
sion spectrum ; in other words, a body under suitable 
conditions—e.g. when cooling—is capable of absorbing 
strongly its characteristic light radiations. 
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With X-rays the contrary is the case, an element 
being especially transparent to its characteristic X- 
radiations. “The sodium atom contains systems of 
electrons which, when suitably excited, give out light 
of the frequency corresponding to the sodium lines. To 
use an analogy from sound, or from wireless telegraphy, 
the sodium atom is tuned to this frequency. It will, 
therefore, begin to vibrate violently if oscillations of 
this period fall upon it—in doing so it abstracts the 
energy of the radiation in tune with itself, so that 
the latter is very rapidly absorbed, while light with 
frequency remote from this passes on almost un- 
affected. Thus after passing through a very small 
thickness of material the light is robbed of all the 
constituents which have frequencies corresponding to 
those of the radiating systems within it. Hence all the 

electronic systems which have natural periods falling 
within the limits of the visible spectrum must produce 
a dark band when white light is passed through.” 
Thus does Crowther describe the phenomenon in his 
recent book on Molecular Physics. 3 
‘Experiments have shown that for an atom to emit 

its characteristic spectrum it is necessary that it 
should be in a region of intense ionization or re- 
combination. It seems that nothing short of driving 
an. electron into or out of the atom will suffice to set 
in vibration the light-emitting systems of electrons. 
In 1800, Herschel repeated Newton’s classical experi- 
ment of passing a beam of light through a prism and 
thus breaking it up into its component parts. He 
placed a thermometer with a blackened bulb in various 
parts of the spectrum, and found that beyond the red 
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it showed a rise of several degrees when the eye could 

see nothing. He thus demonstrated the presence ot 

infra-red rays. Recently the area has been extended 

some nine and a half octaves by the use of rock 

salt and sylvine prisms—that is, up to the Hertzian 

system. 
The solar spectrum, extending from 2900 A to 

20 uw (one » being the one-thousandth part of a milli- 

metre), contains about six octaves of infra-red rays, 

one octave of luminous rays, and about half-an-octave 

of ultra-violet rays. The spectrum of the infra-red 
region has been mapped out by Professor Langley 
with his bolometer—an extremely sensitive instrument 

capable of showing a rise in temperature amounting 

to no more than one-hundred-millionth part of a 

degree centigrade. What would be a dark band in 

the spectrum, could we but see it with our eyes, would 

fail to heat the sensitive platinum strip of the bolo- 
meter, and the galvano-metric deflection would be 
correspondingly diminished or reduced to zero. A 
bright band in the spectrum would, of course, have 

exactly the opposite effect. | 
Ultra-violet radiation can be considered as formed 

of invisible rays whose frequencies are greater than 
those of the visible spectrum. By means of quartz 
prisms and lenses the region between 3900 A and 
1850 A has been photographically recorded. Schu- 
mann mapped out the area from 1850 A to 1230 A by 
using lenses and prisms made of fluorite instead ot 
quartz (which absorbs practically all radiations hav- 
ing wave-lengths less than 1850 A), and also by using 
a vacuum spectroscope to prevent air absorption, the 
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78 ULTRA-VIOLET RADIATION 
atmosphere being strongly absorbent of wave-lengths 
less than 1700 A. Lyman, in fact, states that absorp- 
tion of the air begins to manifest itself in the near 
ultra-violet, but becomes critical only at a wave-length 
of about 2000 A. 

fecent Discoveries in the Electro-Magnetic Spectrum. 
—Recently Lyman, by using powerful electric dis- 
charges in a helium vacuum, has been able to reach a 
wave-length of 510 A. Millikan, by using electrodes of 

NEAR U-V REGION VISIBLE REGION FAR U-V REGION 

Fic. 13.—Spectrogram showing part of Visible and Ultra - Violet 
Regions. 

non-fusible material, separated by a very small space, 
and employing a potential difference of 100,000 volts, 
has reached a wave-length of 202 A. Holweck, with 
slow cathode rays, has produced X-rays having a 
wave-length of 500 A, so that the gap which 
formerly separated X-rays from ultra-violet has now 
been bridged. ) 

The doctor using ultra-violet. radiations thera- 
peutically is concerned, however, only with the area 
between 3900 A and 1850 A. Browning and Russ’ 
have shown that from the clinical point of view there 
are two distinct regions of ultra-violet radiation— 
the first, extending from 3800 A to 2960 A, being 
rays capable of penetrating a considerable depth of 
human skin, but having no bactericidal effect; and 
the second, extending from 2960 A to 2100 A, having 

"hoo — 
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a strong germicidal effect, but not capable of pene- 
trating more than one-tenth mm. of skin. The 
maximum abiotic effect 1s produced by rays between 
2800 A and 2540 A. 

The following table gives the different wave-lengths 
of the complete spectrum : 

Gamma rays of radium up to 1:4 A 
perays 0:06 A to 1019 A 

(Those generally used for medical 
purposes have a wave-length vary- 
ing between 0:06 and 0°5) 

Ultra-violet 136 A to 3900 A 
Visible spectrum . 3900 A to 7700 A 
immared =. °. . . .«, 7700 A to 4,000,000. A 
Hertzian oscillations: 1,000,000 A to several kilometres 

It will be noticed that in several cases the wave- 
lengths given in the above table overlap. 

Laue has proved that crystals will produce inter- 
ference effects with X-rays similar to those produced 
with diffraction gratings in the case of light waves ; 
and Professor Bragg has been able to focus X-rays 
with bent sheets of mica. Curiously, Rontgen rays 
have little or no effect on bacteria, and in this respect 
show a marked contrast to ultra-violet rays, certain . 
wave-lengths of which, as already stated, have a most 
marked bactericidal action. 



CHAPTER III 

NATURAL ULTRA-VIOLET RADIATION 

Comparison of Natural and Artificial Radiation—The Solar 

Spectrum — Influence of Altitude, Time of Day, and 
Season—The Technique of Heliotherapy-—Dosage—Local 
Heliotherapy 

THE natural source of ultra-violet radiation is sun- 
light, which is the most powerful form of radiation 
known. It is very difficult to realize that of the total 
solar radiation only the two-thousand-millionth part 
is intercepted by the earth, and that only 60 per — 
cent. of this amount passes through the earth’s 
atmosphere. | ae 

The intrinsic brilliancy of the sun’s surface has been 
calculated to be 1000 candles per square millimetre, 
while an arc lamp has a brilliancy of only 170 candles 
for the same area. Solar rays are parallel, while 
artificially produced rays always diverge from their 
source unless they are passed through special lenses. 

Visible light can cause three different results: heat- 
ing, illuminating, and so-called chemical effects. The 
red and orange rays have the greatest heating effect, 
the yellow rays are the most luminous, and the blue, in- 

digo, and violet have the most marked chemical effects. 
Thus in sunlight there are some heat rays that are 
visible, and some—the infra-red—that are invisible ; 

and there are also some chemical rays that are visible 
80 
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and others—the ultra-violet—that are invisible. We 

have then . | 

1. Invisible heat rays (infra-red) 

red | 
orange + producing heat 
yellow | 

2. Light rays { green 
blue | 
indigo |; producing chemical effects 
violet 

8. Invisible chemical rays (ultra-violet) 

The same three kinds of rays are given off by all arc 
lamps, but in varying proportions, as the following 
table shows : 

TABLE SHOWING PERCENTAGE OF RADIATIONS GIVEN 
OFF BY VARIOUS SOURCES 

| Ultra- Infra- 

Source "y 7 Laight Waalok 

ue Mercury vapour. - | 52% | 20% | 28% 
2. Sunlight . ; BO) lea We fai ee 
| 38. Arc lamps (such as Carbon) | 85% | 10% | 5% 
4. Incandescent lamps eee yet tOve oe eliog 

Though the infra-red and visible rays can be success- 
fully used, either separately or together, in a very large 
number of conditions, in this book they will be con- 
sidered not individually, but only as a part of the 

- radiation given off by one or other of the ultra-violet 
lamps that are mentioned. 

F 
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It is almost wholly the therapeutic action of the 

chemical, or more correctly the ultra-violet, rays 
that will be considered in the succeeding pages. Ag 
Ul taViol Visible Infra-red 

| MERCURY 
CARE 

rowel ea 

73 
. ARC 

| 
| 

INTENSITY 
AE EL EN 
SUNLIGHT 

: (SEA LEVEL) 

ma ZO00A J CO00R 8.0004 10.000R 32.000 4 
Wave LENGTH 

Fic. 14.—Spectra of Common Sources: Distribution of Intensity. 
(After Griffith and Taylor.) 

Hinsen said: “It is to the most refrangible rays that 
we owe the special influence of light. The influence of 
hight as a bactericide, its power to cause inflammation 
and pigmentation of the skin, as well as its stimulating 
action, are connected with the chemical rays.” 

ee eee 
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There is great diversity of opinion as to whether 

natural sunlight or artificially produced rays are ot 

the greater therapeutic value. Dr Rollier 1s strongly 

in favour of the former, and we all realize that 

sunlight, together with pure, fresh, dry air, free from 

Fic. 15.—Children Patients at Dr Rollier’s Clinic, Leysin, 

playing in the Snow. 

dirt and smoke, such as can be obtained at Alpine 
resorts, is better for general treatment than doses of 
artificially produced rays administered in hot rooms 
in the centre of our smoky cities. In Switzerland at 
altitudes over 5000 feet the supply of sunlight is very 
constant, whereas in Hngland the sun appears very 
erratically, and when it does its actinic value varies 



> 
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almost from minute to minute, making dosage difficult 
and regular courses impossible, and so one must often 
fall back on “ artificial sunshine.” 

As someone has said: “The sun is the greatest 
physician in the world ; the only trouble is to get an 
appointment with him.”’ 

Some phototherapists hold that certain rays from 
the sun are unnecessary, and even harmful, for thera- 
peutic purposes, and these are not present in. artificial 
actinotherapy. 
“Sun and ultra-violet rays bear much the same 

relation to one another as crude drugs do to their 
synthetically prepared chemical substitutes” is a 
quotation from Rollier’s book on heliotherapy. 
An examination of statistics of various cases of 

tuberculosis treated by heliotherapy at Leysin, and 
by carbon arc radiation at the Finsen Institute, Copen- 
hagen, reveals the surprising fact that the results 
obtained by the two forms of treatment are almost 
identical, and in some cases the Finsen results are 

even. better than those obtained under the ideal con- 
ditions of the Alps. This is even more wonderful when 
one realizes that the patients at the Finsen Institute 
are out-patients, who return to their none too healthy 
homes after treatment, and who obtain a minimum of 

fresh air or sunshine. 
The limits of the solar spectrum are influenced by 

the seasons, by the clearness of the atmosphere, by the 
height of the sun above the horizon—i.e. the time of 
day—and by altitude. It has been found that the last- 
mentioned has very little effect ; but the spectral range 
decreases very considerably the lower the sun is in 

. 
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Fic. 16.—Sun Treatment on the Beach at Hayling Island. 
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the heavens—that is, the longer the path through the 
earth’s atmosphere that the radiation has to traverse. 
Red skies at sunrise and sunset prove that the atmos- 
phere absorbs rays of short wave-length—the colour 
showing that the red rays alone reach the observer’s 
eye when the sunlight has to pass through the maxi- 
mum. thickness of the atmosphere, and that the other 
tays of shorter wave-lengths are all absorbed. In 
fogey weather the sun, if it can be seen at all, appears 
as a red disc. 

The sun’s rays reach their maximum intensity at 
about 1 P.M., and not at noon, as might have been 
expected ; the greatest intensity of rays of short 
wave-lengths occurs at the same time. 

Seasonal influences affect both the sun’s spectral 
range and the intensity of the solar radiation. 

It is in the month of July that the maximum range 
of the spectrum is usually found, while in winter the 
smallest amount of ultra-violet radiation is present. 
In winter the intensity of ultra-violet radiation at 
high altitudes varies considerably from that found at 
low altitudes, the greatest amount of both ultra-violet 
and calorific radiation being found at high altitudes ; 
in summer there is no great difference between high 
and low altitudes. 
From May to September the intensity of the ultra- 

violet radiation remains fairly constant, but from 
October to April sudden variations of considerable 
extent are commonly found, although these are often 
rather inexplicable. Except during one month (July) 
the intensity of the calorific radiations is always greater 
than that of the ultra-violet. 

sy 
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Diffuse light also plays its part in heliotherapy, 

and contains a larger proportion of ultra-violet rays 

than one would imagine, because rays of short wave- 

length are more easily diffused. than rays of longer 

wave-length. 

Small particles of dust, water-vapour, etc., are re- 

sponsible for the diffusion of light; and it is therefore 
obvious that the greater the thickness of atmosphere 
the rays have to traverse the greater will be the result- 
ing diffusion. Hence the diffusion of light is greater 
at low levels than at high, and increases during those 

| parts of the day when the sun is lowest in the heavens. 
It is also greater in winter than in summer. 

It must be remembered, however, that impurities 

in the atmosphere, such as smoke and dust, even 

though they may scarcely affect the amount of visible 
radiation, generally absorb practically all the ultra- 
violet rays. — 

As one would expect, reflection increases the dif- 

fusion of light, and it is found to be greatest near large 
expanses of water or above stretches of snow. _ 

Heliotherapy is the graduated exposure of the 
whole or part of the body to the sun’s rays. 

The practice, as we have already stated, is by no 
means new, the Greeks and Romans knowing and 
making good use of the salutary effects of solar 
radiation. | 

We have described how Finsen first of all used the 
sun lens for the treatment of lupus. The lens consists 

of two pieces of glass, one flat and the other convex. 
These are fixed into a brass ring, the space between 
them being filled with a blue solution of either 
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copper sulphate and ammonia or methylene blue 
water. 

The ring is fixed into an adjustable stand so that 
the sun’s rays can be kept in focus on the affected part. 

Fic. 17.—The Finsen Sun Lens in use at the Royal Sea- Bathing Hospital at 
Margate in 1899. (From The British Journal of A ctinotherapy. ) 

A water-cooled compressor must be used algo to cool 
and compress the tissues. 7 

' Finsen gave up this method because he found it too 
uncertain. — 

Dr Sorgo has designed a simple apparatus for direct 
insolation of the larynx, which will be described later. 

For general treatment, when possible, the whole 
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body, with the exception of the head, should be 
exposed to sunlight, preferably out of doors, but if 
this is not feasible the patient should be placed in 
front of an open window, or a closed window glazed 
with “ Vitaglass,’’ which allows the free passage of all 
the natural ultra-violet rays. 

The best time of day for sun baths varies with the 
season, and should be chosen when the temperature 
of the surrounding air is favourable—that is, when 
the temperature taken in the shade is about 46° F. 
In winter some time between 10 a.m. and 3 P.M. will 
generally suffice, and in summer between 6 a.m. and 
1] A.M. and between 3 p.m. and 5 p.m. 

The temperature of the surrounding air found 
comfortable by the patient varies greatly for different 

persons; the greatest heat can be tolerated by those 
who are used to the treatment, and also by those who 
are young and fairly strong. 

The same methods can be used for the measure- 

ment of the intensity of the solar rays as are used for 
the measurement of radiation from artificial sources. 
These will be described later. 

Great care must be taken, especially at the be- 
ginning of treatment, to avoid over-exposure of 
delicate patients and those suffering from tuberculous 
lesions: any rise in temperature or pulse rate, or 
sign of nervous irritation after exposure, indicates 
that the exposure should be decreased, or the treat- 
ment discontinued, according to the severity of the 
Symptoms. 

It is not customary to expose the whole body at 
the beginning of treatment: only a small surface is 
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By permission of} 

[Dr A. Rollier 

Fic. 18.—A Sun Gallery at Leysin for the Treatment of Potts’ Disease. 
»). Lene ee eee 
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uncovered on the first day, and this area is increased 

daily until the whole body is being irradiated. 

The head should always be shaded, and dark glasses 
should be worn to protect the eyes. 

If the patient is very weak or sensitive, eight to ten 
days are allowed to elapse before the whole body is 
exposed, and great care is taken to record the tem- 

perature and pulse. IH, on the other hand, the patient 
tolerates irradiation well, pigments quickly, and is 
fairly strong, the process may be accelerated, and the 
whole body exposed after three or four days. 

Dr Rollier’s method of fractional exposure is very 
advantageous and is widely used. 

At the first application the feet alone are exposed, 
on three separate occasions during the day, for five 
minutes. At the second treatment the feet and legs 
are exposed for five minutes, then the legs are covered 
and the feet exposed for another five minutes. On 
the following day, in the same way, the feet are ex- 
posed for fifteen minutes, the legs for ten minutes, 
and the thighs for five minutes. On the fourth day 
the exposure of the feet 1s increased to twenty minutes, 
that of the legs to fifteen minutes, and that of the 
thighs to ten minutes, and the abdomen is exposed 
for five minutes; and in the same way the thorax is 
included on the fifth day, unless the patient is suffering 
from phthisis or heart trouble, when it 1s unwise to 
expose the chest for about a month. 

The exposure of the body is then increased gradu- 
ally, by five minutes per day, until a maximum of 
three to four hours is reached. | 

As has been already mentioned, this procedure may 
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[Sir Henry Gauvain 

by permission of 

Fie. 19.—A Solarium at Lord Mayor Treloar’s Cripples’ Hospital, Alton. 
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be modified according to the susceptibility of the 
patient, but when marked pigmentation is established 

there is no further fear of over-exposure. 
Patients tolerate two or three short exposures 

with rest-intervals much better than a single long 
exposure. : 
Where practicable, a tepid bath or douche is 

beneficial after insolation, especially if there has been 

profuse sweating, but if this 1s not possible the patient 
should rest for some minutes. 

A patient should be immediately covered with rugs 
if he feels too cold during treatment. 

Any ulcers or sinuses should be left exposed. 
It should be remembered that brilliant sunshine is 

not essential for heliotherapy, and that diffused rays 
play an important part, especially near the sea,-or 
near snow, where reflection increases their effect. 

If treatment is interrupted by bad weather, or from 
some other cause, it should be recommenced with a 

smaller: dose. 
Patients who are sent to high Alpine sanatoria 

should not be insolated until they have become ac- 
customed to the altitude and the air. Marked dis- 
turbances are often noticed, and, although these 
generally pass off in two or three days, their occurrence 
means that exposure to the powerful sunlight must 
be undertaken only with great caution. 

The effects of exposure to sunlight are the same 
as those of exposure to rays from artificial sources. 
During insolation the pulse and respirations are 
slightly increased. After a long exposure the tempera- 
ture of the body may be slightly raised, but it returns 
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to normal half-an-hour to one hour after the cessation 

of treatment. 

Perspiration is profuse if the rays are very hot, 
particularly if the temperature of the surrounding air 

is high and the exposure is long. 

The patient experiences a feeling of well-being after 
cd 

~ © asun bath unless it has been too prolonged. After a 
latent period of several hours erythema becomes 

marked, and blisters may form if the patient is too 
sensitive or the exposure has been too long. This 
condition. lasts for two or three days, and is followed 
by pigmentation, which, when it is well established, 

protects against excessive reaction. 
The various general changes that accompany in- 

solation are identical with those occurring in artificial 
| irradiation, and will be more fully discussed in the 
7 chapter dealing with biological changes. 

: Clothes made of cellulose acetate are partly per- 
meable to ultra-violet rays, and their use offers some 

- advantages for this reason. 

RAtaiioens 
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Fic. 20.—Some of Dr Rollier’s Patients undergoing the Natural Sunshine Cure at Leysin, in the Vaudois Alps. (From Modern Science.) 
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CHAPTER IV 

CARBON, TUNGSTEN, AND IRON ARC LAMPS 

Incandescent Lamps and Light Baths—Classification of Arc 
Lamps—The Arc—Short-Flame and Long-Flame Ares— 
Regulation of an Are—Carbons—Open Are Lamps— 
The “Finsen” and “Finsen-Reyn” Lamps—Enclosed Arc 
Lamps—Special Types of Arc Lamp—Tungsten Are Lamps 
—The Iron Arc Lamp 

As has been previously mentioned, it is almost im- 
possible to practise heliotherapy regularly in this 
country, owing to its low altitudes and its climatic 
conditions. The moisture-laden atmosphere and the 
smoky air filter out the majority of the therapeutic 
rays of the sun, particularly in our large cities, and 
especially in winter, so that the sunlight we get ‘is 
very often lacking in these vitally important wave- 

eo 
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rheumatic conditions such as lumbago, fibrositis, 
myalgia, torticollis, gout, rheumatoid arthritis, chronic 

nephritis, and early arterio-sclerosis. | 

By means of such light baths the temperature of 
the skin can, be raised to a very high point without 

| : Fie. 21.—The ‘‘ Ulvira” Apparatus, showing the two Quartz Globes fitted with 
Consequently we must generally rely on I a Tungsten Filaments, which form a weak source of Ultra-Violet Radiation. 

(Siebe, Gorman & Co.) 

lengths. 
artificial light for our phototherapy, some form of WP 
electric arc or incandescent lamp being customarily 
used. 

Incandescent Lanvps and Laight Baths.—The incan- 
descent electric lamp is very rich in visible and heat 
rays, but the ultra-violet rays are almost completely 
cut off by the glass bulb. 

The light of incandescent lamps, however, applied 
elther locally or to the whole body, is of great 
value in many disorders, amongst which are neuritis, 

96 
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danger. ‘This results in dilatation of the cutaneous 
arterioles, and stimulation of the sweat glands. In- 
ternal congestion is relieved, pain is lessened, and a 
feeling of well-being and comfort results. An increase 
in metabolism and in the hemoglobin content of the 
blood can also be shown to occur. If, however, in- 
candescent lamps are provided with bulbs of quartz 
instead of ordinary glass, they form a weak source 
of ultra-violet rays, which may be beneficial in some 

G 
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cases if several lamps are burned continuously as 
near to the naked body of the patient as comfort 
allows. | 

The ‘“ Ulvira”’ apparatus manufactured vy. Siebe, 
Gorman & Co. is of this type. 

Some form of electric arc lamp is generally used 
to produce ultra-violet rays. They may also be 
generated by the spark discharge of Leyden jars or 
spark coils, but not in sufficient volume for thera- 
peutic purposes. 

If the reader finds the chapters describing apparatus 
rather tedious he is advised to pass them over. ‘The 
authors, however, feel that it is very desirable that 

at least one typical example of each of the many 
types of apparatus should be described. A great 
variety of lamps is being used to-day, and it 1s 
reasonable that each reader should expect to find 
his own type of lamp at least mentioned, which is 
not possible when the products of only one particular 
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Open arc lamps usually have their electrodes made 

of carbon, pure or modified; but various metals may 

be used, such as pune te iron, aluminium, cadmium, 

silicon. 
Carbon arc lamps are generally of the open type, but 

the ‘“‘ Quain Quartz Arc” and the “ Heliol ” lamp are 

two examples of enclosed carbon arcs. Quartz mercury 
vapour lamps are, however, the commonest type of 
enclosed arc. 

Most carbon, arcs are automatically fed, while hand- 
feeding is the rule with tungsten lamps. General treat- 

ment lamps are usually air-cooled, but it is customary 
to use water-cooled lamps for local treatment. 

Tok Arc 

A space containing air or some other gas can be 
bridged by an electric discharge in one of three ways : 

1. By a glow discharge, as in the “‘ Neon” lamp. 
firm are discussed. | | | 2. By an electric spark: the induction coil furnishes 

Arc lamps may be divided into two main groups : a familiar example. 
3. By an electric arc. 

When two carbon electrodes with a sufficient differ- 
ence of potential between them are brought together, 

1. Open arcs. 
2. Enclosed arcs. 

—————— 

Se a eee 

Arcs may be: | the points in contact immediately become extremely 
1) Hlendeted: | i hot, and some of the carbon is volatilized; if the 
2. Automatically regulated. E electrodes are then slightly. separated, the carbon 

They ey aluoibe I ; vapour conducts the current from one electrode to 
1 the other, an intense illumination results, and an arc 

non-mechanically. ; is formed. 

1, Air-cooled (mechanically. Sir Humphry Davy discovered this ph 
2. Water-cooled. 

Bae. Is phenomenon 
in 1801, and in 1808 he exhibited an electric arc 

¥% 

=a ee a aaa — ——— 

a a aha 

jase ges 

| 

| 
| 

h 



100 ULTRA-VIOLET RADIATION 

Fic. 

0) 

22,—Triple inne Lamp, automatically fed. 

20 amperes A.C. or D.C. 

| 
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produced by a battery of 2000 cells at the Royal 

Institution. 
In the electric arc the ends of the electrodes become 

incandescent, and a flame of luminous vapour fills 

the space between them. When the electrodes are in a 

horizontal position the flame is arch-shaped, and the 
name “‘arc”’ was given to it on this account. 

The colour of the arc flame depends entirely on the 
electrodes; pure carbons generally give a white flame, 
and metals, according to their nature, produce green, 

blue, or violet-coloured flames. In the direct-current 
arc the tip of the positive carbon becomes extremely 
hot, and may reach a temperature of 3500° C. 
A cup-shaped depression, known as the crater, 

forms at its extremity, whereas the negative carbon 

becomes sharply pointed. 
The positive carbon is generally made thicker than 

the negative, because in the open arc it burns away 
almost twice as quickly as the negative, and the 
difference in size keeps the position of the arc 
constant. : 

In the direct-current short-flame open arc 85 per 
cent. of the radiation is from the brightly incandescent 
positive crater, 10 per cent. from the negative carbon, 
and only 5 per cent. from the flame of the arc itself. » 

The carbon arc flame consists of an inner violet 
band of carbon vapour surrounded by an outer yellow 
aureole. | 

The maximum radiation is given off from the 
positive crater at an angle of forty to fifty degrees 
from the axis of the carbon. 

The two carbons are generally arranged co-axially 
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in the vertical position, with the positive uppermost, 

when direct current is used. Angus, however, has 

recently advocated putting the positive carbon below 

and the negative above, and claims that by this 

means 50 per cent, more ultra-violet radiation 1s 

emitted for the same consumption of power. He has 

also found that the carbons burn more slowly. This 

alteration may, however, necessitate a readjustment 

of the mechanism of the lamp, because it has been 

found that the resistance of the arc is increased 

by putting the positive electrode underneath, A 

thin negative carbon offers less obstruction to the 

radiation, but if it is made too thin the incandescent 

area is not confined to the end of the carbon, but 

spreads along it; and we have noticed that when this 

happens very fine flakes of carbon are oradually cast 

off from the body of the negative electrode, which 

eventually becomes completely disintegrated and has 

to be replaced. At the same time the arc becomes 

unstable and begins to hiss. This is probably due to 

the crater overlapping the end of the carbon and thus 

allowing free access of air to the crater. When hissing 

occurs the arc voltage suddenly falls. 

In some lamps the carbons are inclined at an angle 

to each other, and sometimes they are set with their 

axes parallel, as in the “ Jupiter” lamp. 

The alternating-current arc is not so satisfactory 

for medical purposes as the direct-current arc, be- 

cause the emission of radiation is so different. In 

the alternating-current arc the polarity of the two 

carbons varies very rapidly, so that each in turn be- 

comes the crater. Further, the output of radiation, 
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Fie..23:—The **Quain?”? Ewin Arc. 
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especially in the near ultra-violet region, is much 
oreater with direct than with alternating current. 
When the carbons in an alternatine-current arc 

are in the co-axial position, and vertical, as much 
radiation is given off above a horizontal line drawn 
through the centre of the arc as below it. Both 
the carbons are of the same thickness, because they 
burn away each at the same rate. 

The carbons of open arcs burn comparatively 
rapidly owing to the free access of oxygen. This 
is not the case with enclosed arcs, in which the 
air has only a limited access to the carbons. 

The encircling tubes or globes are generally made 
/ of “Uviol” glass, of ‘ Vitreosil,” or of clear quartz, 

but “ Vitaglass ’”’ globes are now available also. 
If the air has no access at all to an arc the globe. 

soon becomes blackened by a deposit of carbon, but 
the admission of a regulated amount of air to an 
enclosed arc ensures perfect combustion: the carbons 
burn with flat ends, and no crater or point is formed. 

The advantages of the enclosed arc are that : 
(1) The carbons last for a much longer time than 

in the open arc; and : 
(2) If special carbons are used no unpleasant fumes 

are given off, such as are emitted by the same 
carbons in the open arc. | 3 

The rays of greatest power are emitted from a 
vertical enclosed arc in a horizontal direction. The 
principal disadvantage of this type is that a certain 
amount of the radiation is cut off by the globe, and 
the globe gradually becomes covered with a fine 
deposit of carbon on its inner surface. 
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Short-Flame and Long-Flame Arcs.—These terms 

are relative; there is no definite point at which a 

short-flame arc becomes a long-flame one. The longer 

the arc the shallower the crater, and if the length of 
the flame is greater than the diameter of the positive 

carbon there is practically no depression at all. 

gor 80" 
Fia. 24.—Curve showing the distribution of radia- 

tion from a Direct-Current Short-Flame Arc. The 

figures printed on the radial lines represent the — 
candle-power in different directions, but the curve 

of ultra-violet emission is not shaped exactly like 
that of visible ight. (Fleming.) 

Special impregnated or chemical carbons are neces- 
sary for the production of the long-flame arc. The 
white-flame arc is produced by carbons impregnated 
with barium salts; strontium colours the arc flame 
red, and calcium fluoride makes it yellow. Sixty-five 
per cent. of the radiation from the flame arc comes 
from the flame itself: the radiation is directed 
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horizontally outwards, but the greatest intensity is 
just below the crater. 

An increase in voltage allows a lengthening of the 
arc. Taylor and Griffith have found that when the arc- 
length does not exceed twelve millimetres, and when 

similar electrodes and the same number of watts 
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‘Fie, 25.—Distribution of Ultra-Violet Radiation from the 

Short-Flame Arc. (After Angus.) 

(volts x amperes) are used, more ultra-violet rays are 
given off by the long flame than by the short, and 
under similar conditions the long-flame-arc ultra-violet 
emission is greater than that of a group of several 
arcs In series; but the total radiation (infra-red, 
visible, and ultra-violet rays) is greater in the com- 
posite arc, and the heating effect is therefore more 
intense. | 
When the length of the arc is greater than twelve 

millimetres Angus’s law holds good, and for the same 
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amount of power consumed the short-flame arc and 

the long give off an equal amount of ultra-violet 

rays. Thus when the lamps are used from the main 

without a motor-transformer it is more economical 

to use long-flame arcs, because less current is wasted 

in the resistance. 
The ultra-violet emission of an arc is markedly 

influenced by variations in both the voltage and the 

amperage. Griffith and Taylor found that an arc 

taking 15 amperes at a certain voltage emitted 12 

photo-electric units, whereas when the amperage 

was raised to 75 at the same voltage 156 photo- 

electric units were registered. In other words, an 

increase of the amperage to five times the original — 

amount resulted in an ultra-violet emission thirteen 

times as great. 
Raising the voltage from 70 to 95 increased the 

ultra-violet emission from 70 to 253 units. 
Similarly Coblentz found that when the amperage 

was increased 5‘6 times there was often a fifty-fold 
increase in ultra-violet radiation. | 
We have often noticed, when visiting different 

clinics, that there is a great deal of carelessness shown 
in regard to the number of volts and amperes supplied 
to the arcs. This is most unfortunate, because it is a 

matter of fundamental importance. 

The carbons of the long-flame arc can be arranged 
co-axially, or else inclined at such an angle as to be 

almost parallel, as in the “ Jupiter ”’ lamp. 
Regulation of an Arc.—Arcs may be (a) hand-ted 

or (6) automatically regulated. 
(a) Hand-fed arcs are satisfactory only when very 
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short exposures are given; an automatic feed is 
necessary for long exposures. 

(6) Automatic feeding of an arc requires two 
essential factors : 
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Fig. 26.—Distribution of Ultra-Violet Radiation from the 

Long-Flame Arc. The Radiation from the Short-Flame Arc 
is plotted to the same scale at P. (After Angus.) 

(1). When the current is switched on, the carbons 

must be brought momentarily together, and 
then automatically drawn apart uutil they are 
separated by a predetermined distance ; and 

(2) This distance must be maintained as the carbons 
burn away. | 

In the simplest form of automatically regulated arc 
the positive carbon is attached to a T-shaped iron 
rod, the two free limbs of which are inserted into two 
hollow cylinders. One cylinder has a winding of thick 
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insulated wire round it and the other has one of thin 

wire. The coil of thick wire is called the series coil, 

and is connected in the line carrying the current to 

the positive carbon, The coil of thin wire is called 

the shunt coil, and is coupled between the positive 

and negative wires. When the current is switched on, 

Fic. 27.—Diagram of Shunt and Series 
Coil Arc Mechanism. (After Fleming.) 

MM are the two Electric Supply 
Mains ; Se., the Series Coil ; Sh., the 

Shunt Coil; I, the Iron Core; (©, 

the Carbons ; and R, the Resistance. 

the carbons, which had previously been in contact, are 

separated by the attraction the series coil exercises on 

the iron rod, and the arc is struck. As the carbons 

burn away the length of the arc flame increases, and 

the current in the arc becomes less, so that fewer 

volts are dropped in the resistance and there are 

more volts across the shunt coil, which then acts on 

the iron rod and draws the carbons nearer together. 

The distance between the carbons: is therefore auto-_ 
matically regulated and kept reasonably constant. 
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Carbons.—In arc lamps the carbons are of great 
importance, and special care is needed in their 
manutacture. Unless particular attention is paid to 
their composition, their density, and their electrical 
resistance, the efficiency of the arc may be impaired. 

Carbons are usually made by mixing ground coke 
and lampblack with coal-tar or syrup to form a stiff 
paste, which is then submitted to hydraulic pressure. 
Rods are formed in this way, and these are afterwards 

baked in a special furnace. 
Carbon is particularly well adapted for use as an 

electrode because its oxide is a gas, and therefore does 
not form a deposit round the arc; it is a relatively 
poor conductor of heat and electricity, and therefore 
the crater is raised to a high temperature; and, com- 
pared with metals, carbon. is easily disintegrated, and 
oives a longer arc for a given difference in potential 
between. the two poles. 

To start a true electric arc, carbon requires a 
pressure of thirty-five volts or more; iron, twenty- 
five volts; and copper, twenty-three volts. The more 
infusible the material an electrode is made of, the 

ereater is the difference between the temperatures of 
the two poles. 

Carbons may be (a) cored, or (6) non-cored. 
_ The central core may be made of a less dense form 
of carbon, so that the crater tends to keep to the 
easily volatilized central area. If the negative carbon 
is a plain one and the positive is cored, the arc shows 
much less tendency to splutter. Metallic cores, such 
as iron, aluminium, molybdenum, or tungsten, may, 

however, be used, and the polymetallic carbons are 
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cored with a mixture of several metallic salts, princi- 

pally those of magnesium, aluminium, and calcium. 
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Fic. 28.—Spectrographs of Different-cored Carbons. (Oswald.) 

A, Cored with Iron; B, Cored with Nickel; C, Cored with Rarer Alkaline 

Earths; D, Cored with Magnesium; E, Cored with Magnesium and 

Aluminium ; F, Cored with Calcium and Barium ; G, Cored with Tungsten ; 

H, Plain Carbon. 

Oswald has shown that when large cores are used there 
is a bigger proportion of the total radiation in the 
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ultra-violet region, because the incandescent area of 
pure carbon then becomes smaller and less infra-red 
rays are given off. Carbons may also be impregnated 
with various salts of the alkalies and alkaline earths, 
such as fluorides, silicates, borates, and phosphates. 

It is possible to modify the radiation given off 
by using a different type of carbon for each of the 
electrodes. | 

The composition of the positive carbon, however, 
almost entirely determines the wave-lengths of the 
radiation emitted—that is, the character of the rays. 
When a fresh type of carbon is used with a par- 

ticular lamp, it may be necessary to readjust the 
lamp mechanism. 

Although not so rich as the pure tungsten and mer- 
cury vapour arcs in far ultra-violet rays, the light from 
a carbon arc has great penetrating power. Intense 
radiations are emitted in the near ultra-violet region, 
and by using different cored carbons the quality and 
the quantity of the rays can be greatly modified. 
Direct current is always preferable for use with 
carbon arc lamps. age 

A comparison of the spectrum of the sun and that 
of an arc lamp shows that the differences between 
them are very slight. The spectrum of the carbon 
arc extends farther towards the red end, making 
water-cooling necessary in local treatment. 

CARBONS USED FoR Untrra-VioLtet RADIOTHERAPY 

It may be useful to mention briefly some of the 
better-known varieties and brands of carbons used 
for therapeutic purposes. 
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Sunic Standard Medical Carbons (made in England) : 
The erythema times given are those for normal skin 
at 2 {t. 6 in. distance when a direct current of 30 
amperes at 65-70 volts is used : 
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Fie. 29.—Spectra of ‘‘ Sunic” Carbons. 

Grade A have a cerium core, the erythema time 1s 
8 minutes, and the principal wave-lengths are 

— 3100-2950 A. 
Grade B have a cerium and iron core, the erythema 

time is 4 minutes, and the principal wave-lengths 
are 3500-2900 A. | 

Grade C have an iron core, the erythema time is 

3 minutes, and the principal wave-lengths are 
3575-2400 A. 

Conradty’s Carbons (made in Germany) : 
Noris-Chromo brilliant white is barium-cored. 
Noris-Chromo No. 3349 has an iron or tungsten core. 
Noris-Chromo No. 3774 has a nickel core. 

Henrion Carbons (made in France) : 
No. 820 has an iron core. 

,, 810 has a core of rare earths. 
H 
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Henrion Carbons—continued 

No. 860 has a nickel core. 

,, 840 has a magnesium core. 

845 has a magnesium and aluminium core. 

830 has a calcium and barium core. 

,, 850 has a tungsten core. 
,, 802 has a plain carbon core. 

Stemen’s Therapeutical Carbons (made in Germany) 

have, among others, the following cores: aluminium, 

copper, iron, iron B, iron W.B., magnesium, nickel, 

thorium B, tungsten B, and zinc. Plain carbons are 

A, EK, and B10. 

National Carbon Oo.’s Carbons (made in U.S.A.) : 

Therapeutic A is cored with rare earth compounds 
and gives a large amount of energy down to 
2900 A. 

Therapeutic B has an iron core and has a strong 
emission between 3000 A and 2300 A. 

Therapeutic C has a polymetallic core of iron, 
nickel, aluminium, and silicon, and g.ves an even 

distribution of radiation through the spectral 

range. | 
Therapeutic D has an alkaline silicate core and emits 

mostly in the region 3900 to 3500 A. 
Therapeutic E has a strontium core and gives off 

relatively very little ultra-violet radiation. 

Therapeutic F has a tungsten core. 
Therapeutic G has a nickel core and shows a strong 

line at 2295 and a strong band between 2900 
and 3500 A. | | 
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Therapeutic H has a calcium compound core and gives 

off very little ultra-violet radiation. 

Therapeutic K has a cobalt core and has very strong 

emission in the region 3500 to 3100 A. It is 

also very rich in ultra-violet radiation below 

2500 A. 

‘All these carbons can, of course, be obtained in 

different lengths and of different thicknesses. 

Carbons intended for carrying small currents are 

naturally smaller in diameter than those for use with 

large currents. 

The following table gives the sizes generally em- 

ployed, though the sizes used at the Finsen Institute 

are a little different. 

For A.C. Carbons and For Negative Carbons 
Amperes Positive Carbons for D.C. for D.C. 

Diameter of Carbon Diameter of Carbon 

in Millimetres in Millimetres | 

4-6 D 9) 

6-10 6 | 5 

10-15 8 6 

15-20 10 8 

20-35 13 | 10 

39-50 16 13 

50-90 16 copper-coated 13. 

The rate at which carbons burn naturally varies, 
but an average-cored carbon burns away at the rate 
of about an inch an hour, and, roughly, carbons 

cost about 14d. per inch, so that the expenditure on 
carbons for a single arc lamp averages 3d. an hour. 
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Open Arc LAMPS 

The Finsen” and * Finsen-Reyn” Lamps.—tThe first 
artificial source of ultra-violet light was the carbon are 

lamp introduced by Professor Finsen for the treatment 

of lupus so long ago as 1893—the world-renowned 

“Finsen Light.” It has: 
(1) A source of radiation. 

(2) An apparatus for the concentration of the rays 

on the area to be treated. 
(3) A means of removing the heat rays so as to 

prevent burning. 
(4) A means of compressing and squeezing out the 

blood from the tissues. 
It consists of an automatically regulated 50-ampere 

arc lamp burning at 50 volts, having the carbons 

arranged in the vertical position, one above the other, 

the larger, positive carbon being uppermost. [our 

metal tubes shaped like telescopes are suspended 

obliquely to collect and concentrate the rays. 

These collecting tubes, which are a yard long, are 

each fitted with one plain quartz window and four 

convex quartz lenses. Some of the spaces between the 

lenses are filled with distilled water, while tap water 

runs through the metal casing that encloses the 

collecting tube. : 
Various types of compression apparatus are used 

for different parts of the body: they generally consist 

of a metal ring, 4°5 cm. in diameter, holding a quartz 

lens and a plain quartz window with a space between 

of 5 mm. Water circulates through this space, and 

has the effect of absorbing any remaining heat rays. 
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This compression apparatus is held by its four 
handles and firmly pressed on the part under treat- 

Fie. 30.—Diagram of the ‘‘ Finsen” Lamp. (Reyn.) 

ment, thus driving the blood from the tissues and 
allowing greater penetration by the ultra-violet rays. 
An area having a diameter of half-an-inch can be 

treated at one time with the “Finsen” lamp. 



LES: ULTRA-VIOLET RADIATION 

Four patients are treated simultaneously with each 

« Winsen ” lamp, and at the Light Institute at Copen- 

hagen seven such lamps are in continuous use. 

Sed 

Fic. 31,—Diagram of Different Compression Lenses used with 

the ‘‘ Finsen” and “‘ Finsen-Reyn” Lamps. (Reyn.) 

For the treatment of patients singly the ~ Hinsen- 

Reyn” lamp was designed. It is an automatic Scissor 

arc, taking 20 amperes at 50 volts. As in the “ Finsen *’ 

lamp there is a cylindrical metal collecting tube fitted 

with a quartz window and four quartz lenses. The 
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heat rays are eliminated by filling the tube with dis- 

tilled water and also by surrounding it with circulating 
tap water. 
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Fie. 32.—The ‘t Finsen-Reyn” Lamp. (Reyn.) 

Quartz compressors are used in the same way as 
with the “ Finsen” lamp. Special prisms of quartz 
have been made for use in the nose and ear, where 
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it would be impossible to use the ordinary type of 
compressor. 

Professor Reyn has also devised powerful carbon 

short-flame arc lamps for general irradiation of the 

body. 
As units he uses (a) two 75-ampere arcs in parallel 
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Fie. 34.—Intensity of the Spectrum of the 

‘*Finsen-Reyn” Lamp. (After Johansen. ) 
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at 55 volts; and (6) three 20-ampere arcs, which can 
be used in series if the main supply current is used, 
and if the voltage is 220 or over. 

The larger lamps are used for the treatment of six 
to eight ambulant patients simultaneously. The 
20-ampere lamps are used for the treatment of two 
recumbent patients. They are economical when only Fic. 33.—Carbon Arc Lamp, after Reyn (75 amperes). 

Capable of treating eight ambulant patients 
simultaneously. (Watson & Sons.) 
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one or two patients have to be treated, because two 

couches can be placed close together with the lamps 

between; they are therefore very useful in a small 

hospital. | 

To secure the greatest emission of ultra-violet rays 

the thinnest possible carbons are used consistent with 

carrying the large current. The most satistactory 

sizes have been found to be: 

For 75-ampere lamps: 
Positive . 81x 300mm. | 1a: acy, 

Negative . 22x 300 mm. eee alavenaa area: 

For 20-ampere lamps: | 

Positive . 12x 300 mm., plain-cored carbon 

Negative . 8x 300 mm., solid carbon 

The distance between the 75-ampere lamps measured 

from arc to are is 60 cm., and the distance from the 

floor to the positive carbon crater is 1 metre. The 

20-ampere lamps are placed 55 cm. apart (carbon to 

carbon), 1 m. 20 cm. from the floor, and about 35 cm. 

from the patient’s couch. 
We have mounted our 20-ampere arcs on a specially 

made wooden trolley, which runs on four rubber- 

covered wheels. The switch and variable resistance 

are attached to one end of the trolley, and there 

are stout, horizontal handles to facilitate moving 

the apparatus, which can be used in several rooms. 

Aluminium pans collect any falling pieces of carbon. 

Long-Flame Arcs.—This type of lamp was originally 

designed for photographic purposes, and was first used 

for medical treatment in the Light Department of the 

London Hospital. There are two well-known British 

pee SRA ef 

Fia. 35.—Our method of mounting three 20-ampere Short-Flame Carbon Arc 
Lamps, such as are used at the Finsen Institute. — 



of 30 amperes. Two lamps can be used in series 
or in parallel, depending on the voltage of the 

| circuit. 
fi The “‘Sunrae”’ lamp is another automatic-feed 

lamp, and takes 30 amperes at 120 volts. 

makes—the “Sunrae’’ long-flame arc and the 
‘Westminster ’’ long-flame arc. 
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: Fic. 37.—The Open “Flaming” Carbon Arc Lamp for 
| Alternating Current or Direct Current. Automatic Feed 
| (30 amperes). (Cox-Cavendish Electrical Co. Ltd.) 

Recent work at the National Institute for Medical 
| Research has led to the adoption of several improve- 

Fie. 36.—Two Carbon Arcs in Series, mounted on Floor- _ t . th d ° f th ac Q 99 ] < 
stand with Adjustable Counterweights; they can be 4 Ments 10 € Gesign or the UDTae aMp. 

used on D.C. or A.C., taking S amperes (average), ; X-Tays Ltd. make an, apparatus consisting of two 
€ ii ¥ 2 volts. X- "f . 1a 1 1 pad 216 NV oltages.ot 00.to N20 ye ee ae) lamps in series mounted on a floor-stand: the lamps 

The “‘ Westminster’ lamp is an automatically carry 30 amperes and are counterweighted ; and they 
regulated long-flame arc taking a standard current - may be used with either short or long flame arcs, the 
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voltage being variable between 50 and 120. They may 

be operated with either A.C. or D.C. : 

There are other lamps that have their carbons 

Fic. 38.—Detail of ‘‘Sunic”’ Parallel Carbon Arc Lamp. 

arranged in the vertical co-axial position, and prob- 
ably the best known of these are the “ Arnold” lamp, 
models 2, 3, 4, and 5 of the “Marion” lamp, the 

y, 
Ne, 

hospital type of “Saidman ”’ lamp, and the “ Sunstar 
lamp. 

The “Arnold” lamp is a hand-fed carbon arc 

lamp, and has four flames on high voltages. The 
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arcs burn in series, on elther A.C. or D.C., at 
15 to 25 amperes, and various types of carbons. can 
be used. In the “radial” type there are four arcs, 
which are automatically controlled and grouped round 
a central nickelled reflector; this type is useful for 

Fic. 39.—The ‘‘Spectro-Sun” Double-Flame Carbon 
Arc Lamp. (Paul E. Johnson, Chicago.) 

hospital work, but it is not so efficient as one suitable 
long-flame carbon arc if the voltage supply is 110 
volts, or two in series if the voltage supply is 220. 

No. 5 model *‘ Marion” lamp is almost exactly the 
same as the “ Arnold ”’ lamp. 

_ No. 2 model has been specially designed for group 
treatment, and is arranged in such a way that very 
few shadows are formed by the lamp itself. 

No. 4 model consists of two lamps, which are 
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arranged in series, and allow the simultaneous irradia- 

tion of both the back and the front of a patient. 

The hospital type of “Saidman” lamp has three 

automatically regulated vertical arcs. ‘The lamp uses 

10-15 amperes at 220 volts. 

Fie. 40.—‘‘ Marion” Group Type Carbon Arc 
Lamp with hand regulation. 

The “Sunstar” arc lamp is a portable carbon 
arc, burning most satisfactorily with a current ot 

12 amperes; it has a Bowden wire control and can - 

be used with either direct or alternating current. 
All the carbon are lamps that have already been 

mentioned have their carbons arranged in the vertical 

co-axial position, but there are a considerable number 

EE 
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Reflector removed. 
Fig. 42.—<‘* Marion ” Horizontal Carbon Are 

Lamp for overhead use, with Shield and 

41.—-*‘ Marion” Twin Duplex Type 
of Hand-regulated Carbon Arc Lamp, 

Fig. 
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Fic. 43.—The ‘‘ Solart ” Carbon Arc Lamp, 100 to 250 volts, D.C. or 

A.C., automatically regulated, taking about 9 amperes. 
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of other positions in which the carbons can be mounted. 
For instance, the “ Marion” horizontal-type carbon 
arc lamp is a suspension lamp in which two pairs of 
carbons are arranged in the horizontal co-axial plane, 
and a small quartz tray, which is suspended below 
the arc, prevents any hot fragments from falling on 
the patient, who lies directly under the lamp during 

+ 

DISTRIBUTING BOARD BURNER 

Fic. 44. — Diagram of the Mechanism of the ‘‘ Solart.” 
Carbon Arc Lamp. 

treatment. This lamp takes 30 amperes at 100-250 
volts. 
Lamps with Carbons arranged in the same Parallel 

Horizontal Plane—The “ Solart ”’ carbon arc lamp is 
automatically regulated and takes about 9 amperes at 
100-250 volts; it can be operated with A.C. or D.C. 

The “‘ Jupiter’ stand model is an automatically 
regulated two-flame lamp, with two pairs of parallel 
electrodes. It has an aluminium parabolic reflector 
and can be used with A.C. or D.C., taking 25 amperes 
at 110-220 volts. 

The “ Sunic ”’ parallel carbon arc lamp is similar. 
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Lamps with their Carbons inclined at an Angle.— 

The® ‘Ultra 
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arbon Arc. 

Fia. 45.—The Stand Model of the 

‘¢ Heliol’’? Enclosed C 

design, are scissor carbon arcs with the carbons 
p) 

le; one inclined to one another almost at a right ang 
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is a hand-fed model, and the others are automatically | overhead treatment; it has two arcs at low voltages 

regulated. They work at 6 amperes at 110-220 volts, | and three at 220 volts, and 1t works at 60 amperes. 
poe : The portable type of “Saidman” lamp, which 

| i weighs only 14 lb., works at 4-8 amperes; the 

Fia. 49.—The “Ouain: 

Quartz Arc. 

carbons are inclined almost at a right angle and there 
is a magnetic blow-out, which, if desired, can be used 
to increase the size of the arc flame. 

The cabinet type is entirely enclosed in a metallic 
case; this allows the use of quartz lenses for local 
treatment. | 

the * Radiosol” lamp is a carbon arc with 

Fic. 48.—The ‘‘ Sunstar” Portable Hand-regulated 
Carbon Arc Lamp, taking 12 amperes at 100 volts. 

and are used a great deal for irradiation of the body 
cavities. | 

The hanging type of “ Jupiter ” lamp is for collective | 
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automatic control, working at 15 amperes. For 
direct current it has horizontal electrodes, and for 
alternating current the carbons are inclined at a 
right angle. 

The “ Arnone”’ lamp is a small scissors arc, hand 
controlled, working at about 5 amperes, and used on 
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Fic. 50.—Birch-Hirschfeld’s Large Kye Radiation Lamp, 

showing the adjustable stand and chin rest. 

either A.C. or D.C. The carbons are inclined at an 
angle of less than 90°. There are both table and 

tripod models. : 
Enclosed Arcs.—The “‘ Quain Quartz Arc” lamp 

has its arc enclosed ina “ Vitreosil”’ quartz tube. 
The “ Heliol” lamp has the arc enclosed in a 

‘“‘ Heliol”’ glass tube. 
The violet-blue colour seen when this lamp is burn- 

ing is due to the cyanogen and carbon monoxide that 
are formed. It is possible to obtain an arc length of 
50 mm. with this lamp. 
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Fie. 51.—‘‘ Schanz’s”’ Special Carbon Arc 
Lamp for the Treatment of Diseases 
of the Hye. (Kohl, Leipzig.) 

"WESTMINSTER WATER COOLED LOCAL TREATMENT 
ARC LAMP 

Fie. 52.—Water-cooled Carbon Arc Lamp designed 
| for Local Treatment. 
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The Westminster Engineering Company have re- 
cently introduced a water-cooled carbon are lamp 
for local treatment, which has the advantage that it 

Fig. 53.—Portable Tungsten Arc for Local Treatment. 

(Arnold & Sons.) 

is possible to bring the arc itself within 2 in. of the 
skin. Itis designed to take 5-10 amperes. 

Special Types of Arc Lamp.—The Zeiss “ Rediree ”’ 
lamp is a small encased light-proof carbon arc lamp 
taking 5-10 amperes. One of the models has clock 
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work regulation of the carbons. The lamp is used for 
ultra-violet treatment of eye diseases. 

‘“Schanz’s Hye Radiation’? lamp consists of a 
special 12-ampere arc lamp inserted into a light-proot 
casing having four windows made of blue Uviol glass, 
which allows only rays of 4000 A to 2650 A to pass. 
Four patients can be treated simultaneously. 

Tungsten Arc Lamps—In 1916, an engineer named 
Simpson used therapeutically an arc lamp with 
electrodes of a secret composition. Professor Sydney 
Russ proved that they were made of wolfram, a tung- 
state of iron and magnesium. The “Simpson” arc 
burns very irregularly ; it takes 5-7 amperes at about 
70 volts, and is provided with reflectors. 

About the same time, Dr W. J. Turrell, of Oxford, 
made use of pure compressed tungsten electrodes, and 
found that they burned very evenly, with but little 
spluttering, and gave a spectrum richer in ultra-violet 
radiation than the wolfram electrodes. 

Various modifications have been used—e.g. carbons 
impregnated with sodium tungstate, uranium nitrate, 
ammonium molybdate, and titanous chloride, and 
carbons cored with uranium oxide, wolfram, pure 
molybdenum, and tungsten in the form of powder. 

Schunk found that the richest and most intense source 
of ultra-violet radiations was tungsten metallic elec- 
trodes with lines in the spectrum extending to 2000 A. 
He found that the molybdenum spectrum was very 
sumilar to that of tungsten, but with much weaker 
lines below 23800 A. Carbons cored with tungsten 
metallic powder gave almost the same result as when 
metallic tungsten alone was used. These carbons are 



Fic. 54.—The ‘‘Sunic” Tungsten Arc 
fitted with Special Heater. 

—z 
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much less costly than pure tungsten electrodes, but 
the current must be slightly increased. 

There are also electrodes made of tungsten and 
chrome steel; these give off brownish fumes of iron 
oxide, and a bulbous crater forms, which has to be 
broken off before the electrodes are used again. 
A common type of tungsten lamp is one in which 

the electrodes are in the horizontal position ; the arc 
is hand-fed, and usually consumes about 5 amperes 
at 60 to 100 volts. It has a copper reflector, which 
absorbs fewer rays than an ordinary mirror. When 
local application is required, the rays may be concen- 
trated by means of a quartz lens, 2 in. in diameter, 

with a focal leneth of 4 in. The surrounding parts 
must be protected, and the exposed area should be 
placed at a distance of 12 in. from the lamp. 

The vertical arc is, however, much more stable than 
the horizontal, because, when the electrodes are in the 

horizontal position, the arc assumes the form of an 
arch and most of the radiation is directed upwards. 
To procure the same ultra-violet emission as can.be 
obtained with the vertical arc, less voltage and more 
current are required. Automatic regulation should be 
provided for tungsten arcs, because otherwise great 
variations in ray emission are inevitable. 

T. Clark makes a tungsten lamp in which three arcs 
are mounted on a movable iron base; the arcs are 

fitted with detachable aluminium hoods, and each arc 

consumes 5 amperes. He has also made a tungsten 
are bath in the style of a radiant-heat cabinet. — 
The “Arnold” tungsten arc hand-lamp is a 5-ampere 
lamp, with a quartz lens for local treatment. 
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The ‘‘ Densolarc”’ is a 6-ampere, self-regulating, 
dental lamp titted with a quartz concentrator. 

The Ediswan Company has designed a _ closed 
tungsten arc, the “ Pointolite.’ The arc is formed 
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Fie. 55.—A Dental Tungsten Arc Lamp with Automatic Regulation, 
designed by Norman Black. Direct current, 6 amperes. (Medical 

Supply Association.) 

between a special filament and a small ball of tungsten, 
and is enclosed in a quartz bulb. It forms a weak 
source of ultra-violet radiation, but is deficient in the 

rays of greatest therapeutic effect. 
Luckiesh says an arc between tungsten electrodes 
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operated in an atmosphere of hydrogen and nitrogen 

is a source of intense ultra-violet radiation. 

rie we. ae ' 

fal Te He aE: : ‘ 

Fie, 56.—Details of Professor Bang’s Iron Arc Lamp. (Levring & 
Larsen, Copenhagen.) 

Lhe Iron Arc Lamp.—Professor Bang has designed 
a water-cooled iron arc lamp. The electrodes have 
hollow centres and are cooled by running water. 
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57.—Professor Bang’s Water-cooled Iron Arc Lamp. 
(Levring & Larsen, Copenhagen. ) 
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We saw one of these working in Copenhagen, 

and one in the Light Department at Alton. The 

spectrum of the iron arc is less continuous than that 

of tungsten, and extends only to 2250 A: .-but the 

cost of iron electrodes is insignificant compared with 

that of tungsten, and this makes the lamp very cheap 

to use. Sir Henry Gauvain has found it very useful 

in the treatment of local superficial lesions. 

Arcs struck between copper electrodes and silicon 
electrodes have been used successfully, the latter 
emitting intense ultra-violet radiation, with very 

little accompanying visible light. ° | 

Zinc, cadmium, and aluminium have also been used 

satisfactorily. 



CHAPTER V 

QUARTZ MERCURY VAPOUR LAMPS 

The Mercury Vapour Lamp in Industry—The Essentials of the 

Mercury Vapour Lamp—Classification of Mercury Vapour 

Lamps—Different Types of Air-cooled Vacuum Burners— 

The Functioning of the Mercury Vapour Burner—Quartz, 

its Properties and .Manufacture—Care of the Burner— 

The Non-Vacuum Burner—Alternating-Current Burners— 

Burners and Electrodes activated by High - Frequency 
Current—The Water-cooled Mercury Vapour Lamp—The 

_ “Kromayer” Lamp—The “ Victor” Water-cooled Burner— 

The Spectrum of the Mercury Vapour Lamp—Methods of 

Supporting the Burner 

THE first mercury vapour lamp was probably made 
in London by Way as long ago as in 1860, but it was 

not used for any practical purpose or developed com- 
mercially. In 1892 Arons constructed a lamp, but its 
use was confined to the laboratory. An American 

engineer, Peter Cooper Hewitt, took out a patent for 

a mercury vapour lamp in 1890, but it was not until 

1901 that he exhibited to the American Institute of 

Engineers the actual lamp which bears his name, and 

which is in common use in industry to-day. 

This lamp consists of an evacuated glass tube, 1 in. 

in diameter and 44 ft. long, and has a positive electrode 

made of iron and a negative electrode of mercury. 

It can be used with direct current only, and takes 

about 3 amperes at an E.M.F’. of 65 volts. 
146 
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Apart from medical purposes the mercury vapour 

lamp is used principally in photographing cinemato- 

oraph films, in drawing offices, and in newspaper 

printing, where it is advantageous because it gives 

a visual acuity fifty per cent. greater than that given 

by white light. | | 

Kuch and Heraeus were the first to replace the 

class of the Cooper Hewitt tube by quartz, which 

allowed higher temperatures and voltages to be used. 

wh _- IRON 

COOPER-HEWITT = 
mercury 

WAY (1860) — 

Fig. 58. RiGs a Ort se Fia. 60. 

The mercury vapour lamp consists- of several 

essential parts, the burner being the principal, but it 
is also necessary to have a means of lighting the arc 
and a support for the burner, and a reflector of some 
pattern is generally used. A rheostat is needed to 
control the current required for the proper functioning 
of the lamp under the varying conditions that occur 
at different times after its ignition. | 

The burner of the mercury vapour lamp consists 
primarily of a tube of clear quartz containing some 
mercury. 
When an electric current is passed through the 
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tube there is a temporary short circuit, heat is gener- 
ated, causing some of the mercury to volatilize, and 
an intense illumination results. | 

The spectrum from the arc is very rich in ultra- 

violet radiation and extends far beyond the limits 
of the solar spectrum. 

Kromayer, in 1905, designed the lamp known by 
his name. Jt is an interesting fact that the rather 
complicated “Kromayer” lamp was the earliest to 

Fic. 61.—Glass ‘‘ Cooper Hewitt’? Mercury Vapour Lamp used for Lighting Purposes. 

be used, but at first ultra-violet treatment was 

restricted to local applications ; and it was only when 
Bernhard and Rollier’s work became better known 
that the air-cooled lamp was invented, to allow general 
irradiation of the whole body. 

Dr Schott’s “.Uviol” lamp consists of a tube 
of Uviol glass about 60 cm. long, contaiming some 
mercury. Carbon terminals inside the tube are con- 
nected to platinum wires, which are fused into the 
extremities of the glass. 

Rays down to 2530 A are allowed to pass, but for 
medical purposes the lamp has been superseded by 
the quartz lamp. : 

ers 

Fic. 6 2 fod 0 —The Self-Contained ‘‘ Kromayer ” Lamp. 
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Mercury vapour lamps can be divided into : 

(1) Air-cooled. 
(2) Water-cooled. 

In air-cooled lamps, the cooling can be effected by 
(a) radiation from metal coolers, or (6) a mechanically 

produced air blast. 

Fie 63.—Air-cooled Type ‘‘ Uviarc” Quartz Tube. (Victor X-ray Corporation, Chicago. ) 

There are three common types of air-cooled 
mercury vapour lamp: 

(1) The vacuum burner. 
(2) The gas-filled burner. 
(3) The atmospheric burner. 

Air-cooled lamps can also be subdivided into: | 
(1) Those which have to be tilted to produce the 

arc. (The tilting may be (a) performed by 
hand, or (6) magnetic.) : 

(2) Those which start automatically : 
(a) By means of an auxiliary heating system 

(1) outside the burner, or (2) inside 
the cavity of the burner; or 

(b) By an initial high-tension discharge. 

= ———— on — ciate ee 
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The commonest types of vacuum mercury vapour 

lamps are: 
(1) The original ** Hanau ” and “ British Hanovia ” 

lamp. 
(2) The “ Hewittic * lamp. 
(3) The “ Medical Supply Association” lamp. 

Fic. 64.—Diagram of ‘‘ Uviare” Air-cooled Quartz 

Mercury Vapour Burner. 

A, Quartz Stem of Seal Structure; B, Connexion 

of Quartz Stem and Seal Grading ; C, Connexion 

of Seal Grading and Seal Coating ; D, Tip of Seal 
Coating; E, Anode Seal Guard; F, Tungsten o>? 

Electrode ; G, Cathode Mercury Pool; H, Anode 

Target; J, Cathode Chamber; M-N, Luminous 

Portion; X-Y, Level of Mercury when cold ; 

O-P, Level of Mercury during operation. 

(4) The “ Uviarc” lamp, made by the Victor 
~ Company (Chicago) and by the Cooper Hewitt 
Company. 

(5) The ‘‘ Quartz Transparent” lamp, Paris. 
(6) The “ Silectra ” lamp, Leipzig. 
(7) The “ Vignard”’ lamp, made by Gallois et. Cie, 

Lyons. 

(8) 
(9) “* Le Quartz Dimant,”’ Paris. 

(10) The “‘ Lasem ” lamp, Paris. 
11) The ‘“‘ Belleaud and Barrollier’ lamp, Paris. 
12) The “ Quartz Frangais”’ lamp, Paris. 
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(1) The “ Hanau” lamp is manufactured in the 
small town of Hanau, near Frankfort, Germany. The 
quartz of this and of the “ British Hanovia ”’ lamp is 
considered particularly transparent, great skill having 

Fie, 65.—The Hewittic ‘‘ Ulviarc”? Quartz Burner before 
_assembly. 

Fra. 66.—The Hewittic ‘‘ Ulviare ” Quartz Mercury ' 
Burner completed. Note the absence of Alu- 

minium Cooling Vanes. 

been acquired in working the materia! since W. C. 
Heraeus, of Hanau, first devised an improved method 
of fusing quartz crystal. The “ British Hanovia ”’ 
lamps are made in England, at Slough. 

(2) The “ Hewittic ’ lamp, which is made in Eng- 
land, is so similar in construction to the “‘ Hanau ” 
and “ British Hanovia”’ lamps that one description of 
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the three will suffice. The new “ Hewittic’”’ burner 
has, however, no cooling vanes. 
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Fies. 67 and 68.—Diagrams of two Quartz Mercury Vapour Burners (Vacuum 
Type) manufactured by the Hewittic Co. In each burner the anode is on 
the left and the cone and negative terminal are on the right. To strike 
the arc the anodal end must first be tilted, so that the mercury in the 
anodal chamber comes momentarily into contact with the mercury in the 
cone, and then lowered. The upper diagram illustrates a Burner for 110 
volts, and the lower—for 220 volts—shows the much longer Arc Tube. The 
Aluminium Cooling Vanes attached to the polar vessels can be seen. 

A Common Description of the Burners of Lamps 
(1) and (2).—The direct-current burner consists of a 
transparent quartz tube, the arc tube, 14 to 2 milli- 
metres thick, varying in length from three to five 
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inches according to: the voltage, and having at each 
end transverse polar vessels also made of quartz ; 
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cathode, the higher is its level in the cone, with the 
result that a smaller surface of mercury is in contact 

these contain a fixed bundle of quartz rods to lessen 
the amount of mercury required. When in position 
the burner is slightly out of the horizontal plane, the 
anode, generally on the left-hand side when the burner 

with the luminous arc, a greater amount of heat is de- 
veloped, and consequently more mercury is volatilized. 
In this way the amount of mercury vapour in the 
burner is regulated and kept fairly constant. When 
the lamp has reached its normal output, and the 

Fic. 69.—Showing the Thickened Projection 
on the upper part of the Burner at the 

junction of the Arc Tube and the Anodal 

Reservoir. This diverts the Luminous Arc 

Stream on to the surface of the Liquid 
Mercury. (Saidman. ) 

Fie. 70.—Illustrating the Cone, 
which is situated at the junction 

of the Arc Tube and the Cathodal 
Polar Vessel. The Quartz Walls 

of the Burner are considerably 
thickened at this point. The Cone 

plays an important part in regulat- 
ing the surface area of mercury in 
contact with the luminous arc, and 

_ thus maintains equilibrium in the 
burner. (Saidman.) 

P 220 to 240 

volts. The Anode is seen on the left and the Cone and Cathode on the right. (Ajax Ltd.) 

is viewed from the front, being a little lower than the 
cathode. | 

At the cathode, where the arc tube joins the polar 

electrical energy input is equal to the radiation from 
the burner, the luminous column, occupies only the 
centre of the arc tube. A special projection at the 

vessel, the quartz is very much thickened, the internal 
narrowed portion being cone-shaped, for which reason 
this portion of the burner is known as “‘the cone.” 
The cone plays an important part in regulating the 
even working of the burner. 

The cathode is cooler than the anode, and conse- 

quently liquid mercury tends to be deposited at the 
cathode. ‘The more mercury there is deposited at the 

rostesenr ee 

cathode end deflects the arc stream on, to the relatively 
small cathode surface almost at right angles to it. 

On the upper surface of the anodal end of the 
arc tube the quartz is thickened to form a slight 
protuberance into the lumen of the burner. 

On, the lower surface below this the anodal mer- 
cury reservoir is continued into the arc tube. The 
thickened projection of quartz on the upper internal 
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surface of the arc tube deflects the arc stream almost 
at right angles on to the surface of the mercury. 

The terminal vessels are surrounded by metallic 
coolers and contain the mercury poles. The coolers 
control the mercury distribution in the lamp by heat 
regulation. Conductors are ground or sealed into 
the quartz, enabling the external current to enter the 
polar vessels between the coolers. Inside the vacuum 

Fie, 72.—The “‘ Medical Supply Association” Direct- 
Current Quartz Mercury Vapour Burner. 

of the tube the mercury vapour carries the current 
from one inside terminal to the other. Two sockets, 
which enable the burner to be held in place, are 
fastened to the coolers. The tube was originally made 
of quartz because of its very high melting-point of 
about 1700° C., which made it possible to use lamps 
at a much higher temperature than when they 
were made of glass. Another advantage is that the 
coefficient of expansion and contraction of quartz is 
only -00000059 inches per inch per degree centigrade. 
Again, about a thousand times more ultra-violet 
radiation 1s allowed to pass through quartz than 
through glass. 
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(4) The “ Uviarc” lamp consists of a cylindrical 
pipe-shaped quartz tube, the cathodal chamber cor- 

responding to the bowl of the pipe, and containing 
mercury. The tungsten electrode wires are fused 
into glass, which is in turn connected to the quartz 
of the tube through intermediate steps of glasses of 
decreasing coefficients of expansion; this has made it 

possible to use a solid tungsten anode, and, as a result, 
to work the burner at high temperatures, without the 
use of metal cooling-fins. The lamp is lit by tilting the 
cathodal end so that metallic contact is made by 
the mercury from the cathode momentarily touching 
the tungsten anode. During operation the mercury 
is entirely confined to the cathodal chamber, partly by 
mercury vapour pressure and also because the cathode 
lies at a lower level than the anode. 

Quartz 1s a mineral commonly found on the earth’s 
surface, where it forms 60 per cent. of the outer 
crust of the earth. It is found in its free state in 
sand, sandstone, and rock-crystal, and in combina- 
tion generally as silicates in clay. It rarely occurs 
in its pure, colourless, crystalline form ; usually it is 
tinted yellow, violet, blue, or brown. Quartz crystals 
are rhombohedral, and, chemically; quartz is silicon 
dioxide (Si0,). 

Fused quartz occurs in nature only as fulgurites, 
which are formed by lightning discharging in a bed of 
sand. 

The introduction of the oxy-hydrogen blow-pipe 
made it possible to fuse silica successfully, and Gaudin 
exhibited some small pieces of fused quartz before the 
Academy of Science in Paris in 1839. 
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(Juartz requires a very high temperature to melt it, 
and 16 never becomes really fluid, because volatiliza- 
tion takes place at a temperature very little above 
that at which it becomes soft. 

In 1888 Sit Charles Parsons, in a communication to 

the Royal Society, said he had fused silica sand by 
means of an electrically heated carbon rod embedded 
in it. 

in 1901 Shenstone exhibited a fused silica tube at the 
Royal Institution. 3 

In 1903 Heraeus exhibited some small quartz vessels 
that he had made, and at the beginning of the same 
year work was commenced at the Thermal Syndicate, 
Wallsend-on-Tyne, to whom we are indebted for most 
of our information about the manufacture of quartz. 
Originally, small pieces of rock-crystal were fused in 
the oxy-hydrogen blow-pipe and either joined to one 
another, piece by piece, until a rough tube was built 
up, or else drawn out into threads and wound round a 
platinum core. NE 

Crystalline quartz cracks when heated in a flame, 
it is therefore necessary to heat very small frag- 
ments to about 1000° and then throw them into 
cold water. The material is fairly easy to work 
afterwards. Once a tube of silica has been made it 
is possible to work it in the flame without excessive 
difficulty. | 

Heraeus improved on this method: he heated the 
pieces of quartz crystal slowly to a red heat, so that 
they did not splinter during the process, and then 

placed them while still hot in an iridium crucible, 

In 1889 Boys exhibited thin quartz threads, and 
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in which they were brought up to the softening 
temperature. | 

The great difficulty experienced with fused silica 
is that the temperature at which it can be worked is 
about the melting temperature of platinum. Fused 

silica never becomes really liquid, but only plastic, 
like warm toftee. Fused silica is harder than glass 
and about as brittle; it has great resistance to sudden 
and extreme changes of temperature, so that small 
articles can be heated to softening temperature and 
plunged into cold water without cracking. There 
are only two acids that attack fused silica—namely, 
hydrofluoric acid and phosphoric acid. Its working 
temperature is about 1750° C., but it cannot be used 
above a maximum of 1450° C. because it slowly 
deforms, and if it is kept above a temperature of 
about 1100° C. it slowly devitrifies. Silica is a re- 
markable electrical insulator at high temperatures. 
Fused silica transmits many invisible rays as well 
as all the visible rays, and is probably the most 
periectly transparent known solid. 

In the process of manufacture of quartz mercury 
vapour burners, all gases are removed by a temporary 
opening in the middle of the upper surface of the 
arc tube, and a vacuum is formed. When the lamp 
is In use a direct-current arc is formed between the 
positive electrode of iron, carbon, or tungsten, and 
the mercury cathode; the tube then contains many 
free electrons, molecules, and ions of mercury, and 
there is a constant movement of electrons from the 
cathode to the anode and vice versa. 

This type of burner must be operated by direct 
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current, and mercury must form the cathode, because 

the substance used as a cathode must be capable of 

being easily maintained at.a sufficiently high tempera- 

ture to emit electrons, and, as Fleming explains, 

mercury has a relatively low boiling-point, a small 

latent heat of vaporization, a low specific heat, and 

a low ionization potential. 
Striking the arc generates intense heat on the 

comparatively small surface of the mercury cathode. 

Electrons are freely formed, and a high cathodal 

temperature at one spot is maintained by ionic bom- 

bardment, the ions being derived from the mercury 

vapour between the electrodes. 

On, the other hand, it is difficult to maintain local 

heating of iron or tungsten at a high temperature ; 

if alternating current were used the iron and mercury 

would alternately become negative; and, as has already 

been indicated, iron is not a suitable cathode. The 

mercury arc is therefore a unidirectional conductor, 

the maintenance of the small cathodal hot area being 

essential. 

There is a variation in‘the arc temperature of the 

tube from the centre to the surface of from 1400° to 

450° C., and the vapour pressure is usually a little 

over an atmosphere. 

To ensure steadiness in the arc stream the lamp 

is operated out of the horizontal plane, the anode 

cenerally being at a lower level than the cathode. 

To strike the arc after current is switched on, the 2 

mercury cathode is first brought into contact with the 

anode by tilting the lamp and so causing the mercury to 

flow across the burner, and then the stream is broken, 
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and the are established, by lowering the anode to 

its original position. Compared with a filament in- 
candescent lamp the mercury vapour lamp is relatively 
cold. The luminescent vapour is at a temperature 

(SD OF 

Fic. 73.—Diagram of the Correct Burning Position of the Vacuum Type 

Quartz Mercury Vapour Burner. 

Fic. 74.—Diagram of the Incorrect Burning Position of the Vacuum Type 
Quartz Mercury Vapour Burner, which will cause Failure of the Burner. 

Fic. 7 6.—Diagram of the Position of the Vacuum Type Quartz Mercury 
Vapour Burner when tilted to start. The Anode has been raised. 

of 200° to 500° C., whereas the filament of the 
incandescent lamp usually has a temperature of 
2800° C. Quartz will stand very high temperatures, 
but it is fragile and has to be handled carefully. It 
must also be kept scrupulously clean and free trom 
grease and dust; the tube must not be fingered 
because imprints become etched into the quartz one 

L 
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cannot be removed. It is best to clean it with a 
piece of silk soaked in rectified spirit. 

The characteristic odour near an active mercury 
vapour lamp is due to the formation in the air of 
hydrogen peroxide, ozone, and nitrous acid. Ozone 
is produced in considerable quantities, especially 
soon after the lamp has been lit. The smell is not 

unpleasant, and the ozone does not seem to have 

any bad effects. : 
Some time ago we had experience of the variation in 

intensity of lamps. A “ Hewittic ” lamp was broken 

because the resistance was inadvertently cut out, and 

the application of the full pressure of 240 volts to the 

lamp led to results which cracked the quartz. On 

the arrival of a new lamp slight overdoses occurred 

when the same exposures were given. 
Gradually, in the course of the life of a lamp, some 

air leaks into the vacuum, causing a change in the 
composition of the gas in the tube, and a brownish 
erey stain appears on the inside of the quartz, de- 

creasing the emission of rays. The evacuated type 

of burner has generally to be overhauled after it 

has been in use for 800 hours (longer exposures are 

generally required after 400 hours). The burner 

should be returned to the makers, who usually treat 

the interior with nitric acid, re-evacuate it, and seal 

it. Sometimes, however, it is necessary to replace 

the arc tube of the burner by a new tube. Taylor 

and Griffith found that some mercury vapour lamps, 

when they were new, gave off nearly eight times as 

much ultra-violet radiation as when they had been 

used for 800 hours. 
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It has also been found that when deterioration 
with age occurs In a quartz mercury vapour lamp 

Fic. 76.—The ‘‘ Helios” Quartz Mercury Vapour 
Lamp made by (Quartz Francais. 

it is particularly the rays below 2540 A that are 
cut off. | 

All the lamps already described must be tilted to 
strike the arc. Care must be exercised not to reverse 
the polarity of the terminals, either at the switchboard 
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or at the lamp ends, or the lamp will be destroyed. 
It is customary to make the wall plugs with pins of 

Fic. 77.—One of the Special Lamps used at the ‘‘Sun-Ray” Clinic, 
Newcastle-on-Tyne, which are fitted with Vacuum Type Quartz Mercury 
Vapour Burners whose arc tubes are eighteen inches long. 

different sizes, or in some other way to ensure their 
non-reversibility, to avoid mistakes. 

‘The direct-current “‘ Quartz Transparent,” “‘Silectra,”’ 

and ‘‘ Lasem”’ burners are very similar to the “* Hanau- 
Hanovia.”’ 
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The “ Ulbrich” burner has a special mercury seal, 
which obviates the need for aluminium cooling fins. 

The hood also contains the resistance specially 

~ mounted above the middle of the quartz burner, so as 
to provide the maximum emission of infra-red radia- 
tion. The lamp is lit by tilting the whole reflector 
hood. The cathode is on the left-hand side. 

Recently an evacuated burner of the classical type 
has been made with milky coloured translucent 
quartz. The radiation which this burner emits 1s, 
naturally, much weaker than that obtained from one 
of clear quartz. | 

The Thermal Syndicate have recently made some 
very long evacuated quartz burners, having an arc 
tube eighteen inches in length. More even distribution 
of radiation is obtained with them than with the 
more usual type, on account of the length of the 
arc tube, and they have a longer effective lite than 

burners of smaller size, because devitrification of 

the quartz takes place more slowly. They are, 
however, more easily broken than the ordinary, 
shorter type. 

The “‘ Henri George’ burner has at each end two 
terminal reservoirs filled with mercury. The anodal 
reservoir, which lies on the left, has two auxiliary 
chambers attached to it: one, the heating chamber, 
contains a laminated nickel chrome wire; the other 

is the balancing chamber, which acts as a receptacle 
for the mercury displaced when the lamp is in use. 
It has at its base a constriction with a passage only 
one millimetre wide for the purpose of steadying the 
mercury. When the current is switched on, the 
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arc tube and the arc is then struck, the arc stream 
rapidly lengthening until it occupies the position A—B. 
The whole process takes only a few seconds. 
Lamp im which the Are is struck at Atmospheric 

Pressure.—The burner of this lamp, the “ KB Bey 
is manufactured at Wallsend-on-Tyne by the Thermal 
Syndicate Co. for Messrs Kelvin, Bottomley & Baird. 
It has a quartz body and is self-starting. The “ K.B.B.” 
quartz mercury vapour lamp differs from those made 

3600 K-| 3500 
2500 <i 

3400 3300 3200 

Fie, 80.—Spectrogram of “Henri George” Quartz Mercury Vapour Burner. 

previously inasmuch as it is open to the atmosphere 
instead of being sealed in a vacuum. The result is a 
lamp having some advantages over the vacuum type. 
The atmospheric type of lamp has greater mechanical 
strength, because it is completely sealed with mercury 
when it is not in operation and it is not therefore 
possible for any mercury hammer to take place in 
the lamp when it is transported from place to place. 
This may easily happen in lamps of the vacuum 
type, which contain a quantity of free mercury in the 
exhausted envelope. 

Since there is no vacuum inside the lamp, no air- 
tight seals are required between the quartz envelope 
and the leading-in conducting wires, and loss of vacuum 

oS 
ND 
Se ee 
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due to leakage 1s entirely eliminated. Staining is also 
avoided, and the inside of the tube may be cleaned, 
when a mercury film has formed, by treating it with 
pure nitric acid, and then washing it out freely first 
with distilled water and then with absolute alcohol. 

With continued use, however, all lamps, whether 
of the atmospheric or of the vacuum type, give off 

Fic. 81.—The new pattern of Atmospheric Quartz Mercury 
Vapour Burner. (Kelvin, Bottomley & Baird.) 

less ultra-violet radiation owing to the occurrence 
of a chemical change, and some of the quartz is 
converted into tridymite, a substance less transparent 
than quartz to therays. This change takes place more 
rapidly in air-cooled lamps than in water-cooled. 

Tridymite and quartz are probably polymers of the 
molecule Si0,; but tridymite, being the less complex 
polymer, is more stable at high temperatures. It has a 
specific gravity of 2°3, whereas that of quartz is 2°65. 

It has been found experimentally that if quartz 
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glass is devitrified at 1200° C., homogeneous tridymite 
is formed. | | 

Two of these burners, which were put on a life test 
in 1922, burned continuously night and day, except 
for one short period in the summer of 1924, when the 

Fie. 82.—Diagram of the ‘‘ K.B.B.” Atmospheric 
Burner. 

When the current is switched on it flows along the 
positive terminal, passes through the constric- 
tion at C—D and through the mercury in the 
arc tube to the negative terminal, B, and then 
through the heating coil, E, causing it to become 
hot. The mercury contained in the constricted 
portion of the burner, which is encircled by the 
coil, becomes hot also, and vaporizes, causing 
the mercury column in the arc tube to break at 
this point ; the arc is thus struck. 

lamps were taken down during cleaning operations. 
They were only turned off at the end of 1926, when 
the building in which they were installed was de- 
molished. Their ultra-violet emission, of course, 
became progressively weaker. 

_ The above diagram illustrates the new type of 
atmospheric burner. The whole burner is filled with 
mercury to a level about a quarter of an inch above 
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C—D. The negative electrode, which is a tungsten wire, 
projects into the mercury at B; this electrode is also 
connected with the heating coil which encircles the 

cone at the junction of the arc tube and the cathodal 
polar vessel like a collar. The heating coil consists of 
a fine wire which passes through a series of thin 
cylindrical quartz rods, which are arranged horizont- 
ally, with their long axes parallel to one another 
around the narrow cone. The positive electrode is also 
made of tungsten wire, and this projects through a 
small circular aperture in the quartz partition which 
separates the vertical from the horizontal portion ot 
the anodal chamber. When the current is switched 
on and the heating coil becomes red-hot the mercury 
enclosed in the cone at EH also becomes very hot, and is 
eventually vaporized. 

The vapour causes the mass of mercury to break in 
two at the constriction, and the arc is thus struck. 

The liquid mercury on the left is forced back by the 
mercury vapour and passes through the small aperture 
in the dividing partition in the anodal chamber and 
reaches a much higher level; when the current is 
turned off it slowly returns to its original level. Should 
the current be interrupted, and the arc broken, the 
heating coil will heat up automatically and restore the 
light as soon as the current is again switched on. 

These lamps can be supplied to operate on any 
direct-current supply at from 95 to 500 volts. They 
take about 4 amperes when starting and about 2°25 
amperes when running under normal conditions. I 
only alternating current is available a rectifier will be 
required. 
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Fic. 83.— Atmospheric Type Mercury 
Vapour Lamp cooled by Forced Air 
Draught, with Stand. (Kelvin, Bottomley 
& Baird. ) 

tegen a ee — - 
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Recently the “atmospheric’’ burner has been 

modified to make it possible to cool the lamp by a 

forced air draught. A motor-fan is attached to the 

lamp-stand and the air current passes up the hollow 
lamp handle. When the lamp is used for local work 

Fic. 84.—The Housing of the ‘* Uviator” Mercury 
Vapour Lamp, cooled by Forced Air Draught. 

it is enclosed ina hood and the air current is directed 

on to the quartz applicator, so that 1t is kept cool. 
This lamp is very convenient when no running water 
is available, but it is apt to be a little noisy. 

This principle has also been utilized in a lamp made 
by “ Ajax Ltd,” where the heated air is drawn off by a 
motor-fan, allowing the lamp to be used with the hood 
closed for prolonged periods without overheating. 
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Fie. 85.—Diagram of the 
Belleaud and Barrollier 

Burner. 

Fic. 86.—‘‘ Ajax’? Quartz Mercury Vapour Lamp fitted with, 
Suction Exhaust Fan to ensure effective cooling when the 
Lamp is used for Local Treatment with the hood closed. 

Fic. 87.—Portable Mercury Vapour Lamp ready for use. 
(Gallois et Cie.) 

Fie, 88.—Portable Mercury Vapour Lamp packed in case. 

re rn eee 
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Belleaud and Barrollier have invented several new between the limbs, and tends to keep the temperature 
types of mercury vapour burner. The simplest | at both poles equal. Since both electrodes have the 

Sy | same cross-section, the polarity does not matter. 
Y Y 
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Fic. 91.—The ‘‘ Quartz Frangais ” Alternating-Current 
Quartz Mercury Vapour Burner. 

Another type of burner designed by Belleaud and 
Barrollier has three parallel limbs, which are joined 

| together at their upper extremity. The negative 

Fic. 89.—Method of inserting the ‘‘Silectra” 
Alternating-Current Quartz Mercury Vapour 

Burner into its Housing. 

& yy 

Fic. 92.—The ‘‘ Gallois”” Alternating-Current 
| Quartz Mercury Vapour Burner. 

Fie. 90.—The ‘‘ Medical Supply Association” Alternating- , 

Sacny Quarta Merguty, venous Burner. terminal is attached to the central limb and the 
two outer ones are positive. This burner can be 
used with either direct or alternating current. 

Alternating - Current Burners. — Direct current is 
M 

consists of an inverted N-shaped quartz tube, with the 
electrodes sealed into the two limbs. A substance 
that conducts heat well forms a bridge across the gap 



178 ULTRA-VIOLET RADIATION | ~~ QUARTZ MERCURY VAPOUR LAMPS 179 
always preferable for use in mercury vapour burners, : (2) The “ Medical Supply Association ” alternating- 

but there are several burners made that can be worked current burner is very similar. 

from an alternating-current supply. (3 and 4) The “ Quartz Transparent” and “ Quartz 

Francais’ are similar to the “ Hanau-Hanovia.” 
(3) The “ Gallois’ burner is V-shaped, the anodal 

limbs being at the front of the burner and widely 

Long Heemorrhoidal Electrode. 

Rectal Electrode. 

Fies. 94, 95, 96, and 97.—‘‘Gallois” Quartz High-Frequency Electrodes. 

Wie O8r  Sie etna ae age divergent ; the cathode is at the back, nearest the 
Vapour Lamp with Infra-Red and 

Luminous Radiators attached. reflector. 

(4 and 5) The “ Silectra ’ and “ Ulbrich’? burners 
These burners all have two electrodes of the type are very similar. The anodes form the extremities 

used for the positive pole in direct-current burners : : | of an almost straight tube, and the cathode, which 

(1) The “ Hanau-Hanovia ” is similar to the direct- | lies behind and at a lower level, is attached to the 
current burner, but the anodal half of the arc tube 1s | middie of the tube: The burner has to. be tilted 

split into two parallel anodal chambers, which are on | upwards, in the horizontal plane, to light it, and 

the left-hand side of the burner. | . this is sometimes a little difficult. 
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Burners and Electrodes for use with High-Prequency 
Current—Some burners are made for use with a 
high-frequency current. The best known of these 
are the following : 

(1) The “ Quartz Dimant”’ is a compact, portable 
apparatus, having a special quartz mercury burner 
which is automatically lighted by means of the high- 
frequency current. The apparatus can be used for 

Fic. 98.—Spectrogram of ‘‘Gallois” Quartz High-Frequency Electrode. 

either ultra-violet or high-frequency work, and 1s very 
convenient for local applications. 
(2) The “ Gallois’’ high-frequency burner is shaped 

like an inverted y and is very compact. 
(3) Recently, M. Gallois has made some very in- 

teresting high-frequency electrodes of clear quartz. 
They are evacuated, and contain argon and a small 
quantity of mercury. They are very similar ‘in 
principle to the quartz mercury vapour burner and, 
like it, emit ultra-violet radiation, but they also 

emit a high-frequency discharge and thus allow the 
simultaneous administration of ultra-violet radiation 
and high-frequency. A tungsten wire is fused into 
the base of the electrode, and projects through the 
quartz, making contact with the mercury. 

——— — 
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WATER-COOLED Mercury Vapour LAMPS 

Of this type of lamp, that designed in 1906 by 
Professor Kromayer, a Berlin dermatologist, 1s perhaps. 
the best known; it is manufactured in this country 
by the British Hanovia Company. Different types of 
lamps have to be used for direct and for alternating 
current. The lamp for direct current consists of an 
inverted f-shaped arc tube made of fused quartz, 

ast hy — Se. Vo%s Ww . = s O54 hh 

sie “uu 
Fe 

Fic. 99.—Diagram of the ‘‘ Kromayer” Direct-Current Burner. 

a, Are Tube—Cathode on the right; 5b, Electrode Vessels 
containing Mercury; cc, Hlectrodes conveying Current ; 
d, kvacuated Quartz Jacket surrounding Arc Tube; e, Inlet 

Water Tube; 7, Outlet Water Tube. 

having two horizontal polar vessels attached to the 
lower end of each limb. The alternating-current burner 
is M-shaped, and has three terminal vessels. 

The cavity of the right-hand cathodal limb of the 
D.C. arc tube is considerably narrowed, and when the 
arc is first struck the mercury boils at this point. 

The arc tube itself is surrounded by a quartz 
jacket, and this in turn is encased in a watertight 
metal case fitted in front with a quartz window. - Inlet 
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and outlet openings are situated at the back part of 

the case. - 
The quartz window itself may be applied directly 

to the'part to be treated, or special quartz applicators 
may be interposed. 

The lamp is lighted by gently tilting it slightly for- 
wards and then bringing it back to its former vertical 

Hanova Chemiceld Mfg off 
NEWAN, Le wb 

NEWYORK CHICAGO 
SAN FRANCISCO 

Qrtnetol Works: 

Quarzlampen GosellschaFth } 
Honova/H Live o/D. A] 

Fie. 100.—Burner Casing of Water-cooled ‘‘ Kromayer ” Lamp. 

position: the tilting brings the mercury in the two 
limbs together, and the backward movement separ- 
ates it again, causing the arc to be struck. Shortly | 
after ignition “ Kromayer”’ lamps consume three 
times their normal running current. The water 
circulating through the chamber in which the lamp is 
contained must be clear and pure. This lamp provides 
a source of the shortest wave-lengths procurable from 
arc lamps, because the water in the cooling chamber 
condenses the mercury vapour in the quartz tube, 

so that the ultra-violet rays are not filtered through 
mercury vapour, as they are in the air-cooled lamp. 

QUARTZ MERCURY VAPOUR LAMPS 1838 

This lamp is essentially for local irradiations and is 
used mostly in the treatment of skin conditions. It 
is therefore more likely to be useful to specialists than 
to general practitioners. 

Kelvin, Bottomley & Baird, the Hewittic Co., and 
the Quartz Transparent Co. all manufacture a. water- 

000k 40004 50004 60004 
Fia. 101.—The Intensity of the Spectrum of the Quartz Mercury 

Vapour Lamp. (After Ladenburg.) 

cooled mercury vapour lamp very similar to the 
‘““ Kromayer.” : 3 

The “ Victor” water-cooled burner is a vertical 
quartz tube with the cathode containing the mercury 
at the bottom and the tungsten anode at the top. 

The shortest wave-length available from the quartz 
mercury vapour lamp is 1849 A, owing to the ab- 
sorption of shorter lengths by the quartz. McLennan 
and Lang, investigating and photographing spark 
spectra produced at a potential difference of several 
hundred volts in a very high vacuum, found that the 
mercury, iron, and copper spectra extended to 1435, 
1427 and 1925, A respectively. 

The spectrum of the mercury arc is dominated by 
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a broad line at 1849 A. It is this line that is most q almost entirely due to the green line, and is the nearest 
powertul in producing abiotic effects. According to | approach to monochromatic light that can be obtained. 
Lyman, fused quartz is often sufficiently transparent | 

& 

ANODAL END 

CATHODAL END 

Fic. 103.—The Water-cooled 

‘*Uviare’’ Quartz Burner. 

A, Quartz Stem of Seal Struc- 

ture; 46, Connexion of Quartz 

Stem and Seal Grading; C, 
Connexion of Seal Grading 

and Seal Coating; D, ip of 
Fic. 102.—Water-cooled Type Seal Coating; G, Cathodal 

‘*Uviare” Quartz Tube. Mercury Pool; H, Anode Tar- | 
(Victor X-ray Corporation, get; J, Cathodal Chamber ; | 

Chicago. ) M—N, Luminous Portion. 
Fie. 104.—‘‘ British Hanovia” Air-cooled 

Quartz Mercury Vapour Lamp — to transmit this radiation strongly. Other lines 
Alternating-Current Model. present in the spectrum are 5790 A and 5770 A in the | 

yellow, a very brilliant green line 5461 A, and a faint The mercury vapour lamp gives off practically no 
line 4358 A in the violet. The resulting illumination is : red or yellow rays, so that red objects appear almost 

TT 

————__S_—_—_——— 
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black when they are illuminated by it, and the hands 
and face assume a deathlike, livid, blue appearance. 
Attempts have been made to remedy the deficiency of 
red rays by using amalgams of mercury and cadmium, 
but the results have not been very successful. ‘‘ Neon” 
lamps are sometimes used with mercury vapour lamps. 

It has been found that the line 2536-7 A in the 
mercury vapour lamp is remarkable for its effectiveness 
in exciting “resonance,” and is particularly potent in 
producing photo-electric action; and it has also been 
found that it is in this neighbourhood that the greatest 
therapeutic effect is experienced. 

Hallwach gives the following table showing relative 
energy at different wave-lengths : 

Wave-Length relative Hnergy 

5780 A 116 

: 5460 ,, 169 

4360 ,, 100 

4060 ,, 61 

3650 ,, 119 

3130 ,, : 90 

2540 ,, 38 

ETO DD 

It has previously been mentioned that it is essential 
to provide some means of support for the burner, 
either a stand or some method of suspension from the 
wall or ceiling. The stand generally consists of a steel 
column inserted into a heavy base provided with 
castors; the resistance is often placed at the top of 
the base; and a bracket arm attaches the hood to the 
upright column, The hood is usually counterweighted. 

We have designed a special treatment couch, Fie. 105.—One of the Lamps of our Treatment Couch being used for 

Irradiation of the Scalp. Each lamp is fitted with a Kelvin, Bottomley & 

Baird ‘‘ Atmospheric” Burner. 
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i 

Fie. 106.—The Standard Air-cooled Quartz Lamp. 

(The Burdick Corporation, Milton, Wisconsin. ) 

t 
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consisting of a couch with two resistances mounted 
underneath it and with two lamp brackets fixed to it. 
The two lamp housings, which are adjustable in 
every direction, are supported by the brackets and are 
counterweighted. For general treatment the range of 
movement is from three feet away from the patient as 
a maximum, down to any required smaller distance. 
As shown in the illustration (Fig. 105), either lamp 
can be used for local treatment. 

The design obviates the need of an independent 
stand for each of the two lamps without any loss of 
stability. This is an advantage, because the stands 
and their bases are generally rather cumbersome, 
which makes cleaning operations difficult. Very 
uniform distribution of the radiation can be obtained 
with this model. If the couch is needed for other 
purposes the lamps can be readily swung out of the 
way. 

The reflecting hoods are of various shapes—hemi- 
spherical, cylindrical, parabolic, or rectangular—and 
are generally made of aluminium, which is, however, 
not a good reflector of ultra-violet rays; but this is 
not of great consequence, since it is the direct rays 
that are most important. It is impossible to get 
quite uniform distribution of radiation, the area 
nearest the arc tube always receiving the greatest 
amount. 

It has been explained already that it is necessary to 
have some means of lighting the lamp ; this, as has been 
indicated, is generally done by tilting, but there are 
several automatic burners, such as the “* Atmospheric,” 
the “Henri George D.C.” burner, and the two 
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high-frequency current burners; and one type of 
“ Hewittic” lamp has magnetic tilting. Usually the 

Fic. 109.—Suspension Type of ‘‘Hewittic” Air- 
cooled Quartz Mercury Vapour Lamp, fitted with 
Automatic Tilting Device. Fra. 111.—The Hewittic ‘“ Ulviare”’ Air-cooled Mercury Vapour Lamp in use. - a 

This Lamp is fitted with an Adjustable Parabolic Reflector. 

Fic. 110.—The ‘‘ Hagemann” Lamp Ring, 
consisting of 8 Carbon Filament Lamps 
which can be attached to any of the 
‘* British Hanovia” Air-cooled Lamps. 

burner is tilted by a special lever, but in some patterns 
the whole hood tilts. It is generally the anode that 

Wie. 112.—‘: Ajax” Electrically-controlled Tilting Apparatus 

for Automatic Lighting of Quartz Mercury Vapour Lamps. 
N 
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is raised to obtain metallic connexion between the 
two poles. The anode is generally on the left-hand 

Fic, 113.—Suspension Type of ‘‘ Jesionek ” Lamp fitted with 'Two Burners. 
(British Hanovia Co.) 

side of the lamp, and the cathode can usually be 
identified by means of the “ cone.” 

The “Jesionek” stand type of lamp is ordinarily 
used for collective treatment, the maximum radiation 
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being horizontal. Recently a suspension model fitted 
with two burners has been designed, in this case the 
maximum radiation is projected vertically downwards, 
The “ K.B.B.” type “E”’ lamp is provided with four 
quartz radiant heaters. 

The “ Hewittic-Levick” lamp has an adjustable 
parabolic reflector. 



CHAPTER VI 

THEY PRODUCTION. OF, DIRECT -CURRENT 
FROM AN ALTERNATING-CURRENT SUPPLY 

Klectric Generating Plants-—-Motor Generators—Motor Con- 

verters and Rotary Converters—Mercury Arc Rectifiers— 
Thermionic Valve Rectification—Electrolytic Rectifiers. 

For many years the common practice in electric 
supply was to deliver the energy in the form of direct 
current, and this had the great advantage, from the 
point of view of the actinotherapist, that direct 
current is the type most suited for operating many of 
the devices that produce ultra-violet radiation. It is 
true, aS has been shown, that mercury vapour burners 
have been designed for working on an alternating- 
current supply, and that it is possible to use alternat- 

ing current in some types of arc lamps; but there is 
no doubt that, in the present state of the art, direct 
current is much more suitable than alternating current 
for most, if not all, of theapparatus. Krom this rather 
narrow standpoint, therefore, it appears to be a dis- 

advantage that the general tendency of electric supply 
undertakings is to change over from direct current, 

_ where they used it previously, to alternating current 

as the standard type of supply. It 1s, consequently, 
becoming more and more difficult to obtain a public 
supply of direct current; and since, for the reasons 

stated, direct current is requisite, it is appropriate to 
196 
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say something, at least in outline, about how it may 
be obtained by some method of transformation from 
an alternating-current supply, or otherwise. There is 
no need here to go into the details of the reasons that 
have led to the adoption of alternating current for the 
public supply of electricity ; it is enough to say that 
it has many technical advantages over direct current, 
both in its generation and in its transmission. The 
tendency already begun will be accentuated by the 
national scheme of supply from the “ grid,’? which 
will carry the possibility of an alternating-current | 
supply to every likely part of the country within the — 
next few years. 

The following brief summary will indicate some of 
the ways in which direct current may be obtained. 
It 1s possible that a public supply of it may be ayail- 
able in isolated cases ; but even then it will be well 
to inquire whether it is likely to be changed over to 
alternating current in the not very remote future. If 
the answer is yes, it will obviously be necessary 
to make provision for the housing and operation of 
transforming apparatus when it becomes essential at 
the time of the change-over ; for otherwise the design 
of an equipment may have to be considerably altered, 
and it will probably be cheaper to provide for the 
addition in anticipation than to have to find space 
for it later, possibly by curtailing the space already 
devoted to therapeutic apparatus. 

Electrical Generating Plants-—In some cases there 
may not be even an alternating-current supply 
available; or the available supply may be very 
costly. In the first alternative it is necessary, and in 

= = a rm a 
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Fie. 114.—50 kw. ‘‘ Hewittic’’ Rectifier Equipment, 
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the second it may be advisable, to consider the instal- 
lation of an independent generating plant, consisting, 
say, of a direct-current dynamo driven by a steam 
or gas or oil.or water engine of some suitable type. 
The obvious disadvantage of this is that a good deal - 

Fic. 115.—The ‘‘ Lister” 1°5 kw. Generating Plant. 

of really skilled attention is necessary to keep the 
engine in first-class condition. The disadvantage is 
not, however, insuperable: the private practitioner, 
with. a comparatively small equipment, could prob- 
ably use one of the many automatic or semi- 
automatic generating sets now on the market ; and a 
large public institution would be more than likely in 
any event to have at hand, for other purposes, skilled 
attendants who could give the necessary care to the 
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generating equipment. The capital cost of a set of 
this kind may be comparatively large, but its main- 
tenance and running costs are usually low, and thus 
the total cost of current is not excessive. 

Motor Generators.The much more usual condition 

Rice Gia means for 

economizing Current. 

of things is that an alternating-current supply is 
available, and it becomes then merely a matter of 
choosing which of the several possible types of trans- 
forming apparatus will suit the working conditious 
best. Beal aps the simplest of allis the motorgenerator, 
which consists of two electrical machines coupled 
together and mounted on a common bed-plate. One 
of the machines is an alternating-current motor, and 
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the other, driven by the first, is a direct-current 
generator. In other words, the motor acts as an 

electric engine, taking the place of the steam or gas 
or other mechanical engine already referred to as 
part of an independent generating set. ‘The motor 
generator is easily started up from the always avail- 
able public supply, and the advantages it has over 
other types of rotating transformers are (1) that the 
supply can be applied direct to the motor through a 
starting device of some kind, and (2) that the voltage 
of the generator can be independently regulated 
through a large range, if necessary, to suit various 
kinds of ultra-violet-radiation apparatus. A com- 
paratively small set will do all that the individual 
practitioner requires; and 1f standard machines can 
be used for larger sets, the cost will not be excessive 
for an equipment suitable for a large institution. It 
must be remembered that considerable currents are 
required when arc lamps are in use, and when large 
numbers of patients are being treated simultaneously 
it will be easy to run up to a demand for powers 
possibly of the order of fifty to one hundred horse- 
power. 

Motor Converters and Rotary Converters.—Other 
types of rotating machinery for changing alternating 
current into direct current are motor converters and 
rotary converters. A motor converter consists, like 
the motor generator, of two separate machines, but 
some of the power is transformed electrically instead 
of altogether mechanically, and the losses associated 
with the transformation (which, of course, have to be 
paid for) are smaller. The rotary converter is a single 
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machine, the revolving part of which takes in alter- 
nating current at one end and delivers direct current 
from the other end. This seems, and actually is, very 
simple ; but in practically every case the voltage of 
the alternating current is not of the correct numerical 

Fic. 117.—Motor Converter installed at the ‘‘ Sun-Ray ” Clinic, 
Newcastle-on-Tyne. 

value to give the voltage at the direct-current end 
requisite for the ultra-violet-radiation apparatus, and, 
consequently, a preliminary piece of alternating- 
current-transforming apparatus is necessary to modify 
the supply suitably. This adds to the cost, and when 
it is also remembered that the voltage at the:direct- 
current end of a rotary converter is fairly definitely 
bound up with the voltage at the alternating-current 
end, and that its regulation through even a compara- 

re. 

7 

yee 

SSS 

a 

an aidan 

eee why id 

— 

D.C. FROM A.C. SUPPLY 208 
tively small range is obtained only by the use of 
additional apparatus of not negligible cost, 1¢ will 
be seen that the rotary converter, though in many 
respects a very convenient type of transformer, is 
not so completely superior to the motor generator 
as might at first sight appear. Motor converters and 
rotary converters are usually made in standard sizes 
for outputs of several hundred horse-power, and for 
that reason also they are rather out of court for the 
much smaller powers required for actinotherapy ; but 
it will, nevertheless, be useful to bear them in mind 

when inquiries are being made as a preliminary to the 
purchase of transforming machinery and apparatus. 
A rotary converter transforms all the energy it deals 
with electrically, and not partly mechanically and 
partly electrically as the motor converter does; and 
its efficiency—that is, the ratio of its output to its 
input—is very high, higher than that of any of the 
other types of rotating transformers. Its losses being 
low, its running cost tends to be low also. 

The great drawback to all rotating machinery is 
that because it rotates it has parts that tend to wear 
out, and bearings that need fairly constant attention 
to their lubrication if they are to run well. Clearly, 
then, a stationary transformer is desirable; but, 

although such transformers for changing alternating 
current at one voltage into alternating current at 
another voltage are quite common and highly de- 
veloped and efficient pieces of apparatus, there are 
unfortunately, no correspondingly adequate stationary 
transformers of alternating current into direct current. 
It is much too early to say that there never will 

— 
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be transformers of this type; for indeed there are 
several kinds on the market already, and some of 
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ary alternating to direct current transformers work 

is that they allow current to pass through them in 

one direction only. Thus the backward half of the 

alternating-current wave is cut off and prevented 

from passing into the direct-current part of the circuit ; 

and if, at the same time, the connections can be so 

Main 

Transformer. 

Bulb. 

Cathocle 

Inductance.. 

Fia. 119.—Main Connections of a Three-Phase 

Rectifier Equipment. 

arranged that the backward half of the alternating- 

current wave is, as it were, turned upside down and 

then allowed to pass into the direct-current part otf 

the circuit, both halves of the alternating-current 

wave become available in the same direction, and 

the current flowing through the ultra-violet-radiation 

apparatus, though not constant, but pulsating, in 

magnitude, is always in the same direction, and thus 

never reverses its polarity. That is the essential 

Fig. 118.—Side View of « Hewittic” | 
| Rectifier Cubicle. 

them have very useful and interesting characteristics. 
_An alternati 10Wt ernating current, as 1s well known, consists of 
waves of current flowing first in one direction and 
then im another ; a direct current flows always in the 
same direction, and the principle on which the station- 
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point. Apparatus for transforming in this way is 
called rectifying apparatus, because it corrects the 
unsuitable direction of one half of the alternating 
current. 

Mercury Arc Rectifiers—Probably the best-known 
apparatus of this type is the mercury arc rectifier. It 
consists of a container, exhausted of air and other 
gases, with a quantity of mercury in it, so that the 

Fiaes. 120, 121, and 122.—Typical Rectifier Bulbs. 

space not filled with liquid mercury is saturated with 
mercury vapour. ‘he alternating current passes in 
the form of an arc between terminals mounted in and 
projecting into the container on the one hand, and 
the mercury on the other, and is led away from.the 
mercury by means of suitable connections through the 
container. The mercury arc is the rectifier, because 
it has the characteristic that it allows current to flow 
in one direction and not in the other. The use of 
two terminals at the entry side enables both halves 
of the alternating-current wave to be used, in the 
manner already outlined. .The smaller sizes of mercury 

— 

-_ 
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arc rectifiers have glass containers, and the larger have 
steel containers ; on the whole, at their present stage 
of development, their cost, together with that of 
the other apparatus necessary for their successful 
working, is rather high; and the data available in 
respect of their maintenance and running costs when 
they are used for actinotherapeutic purposes are too 
meagre as yet to be very instructive or conclusive. 
The apparatus may, however, be precisely of the 
right kind to suit some particular circumstances, and 
should therefore be borne in mind as a quite possible 
type. 

Thermiome Valve Rectificatoon.—Other apparatus 
in use on a small scale, and possibly on the eve of 
developments on a larger scale, is of the same type as 
the thermionic valves used in wireless work. A heated 
filament mounted at one end of a vacuum tube, with 
a plate called an anode at the other end of the tube, 
sends out a stream of negative electricity, or elec- 
trons; and if the anode is positive and the filament 
negative the electrons pass over to the anode as an 
actual electric current. If, however, the reverse 
polarity obtains, the electrons are repelled from the 
anode, and prevented from leaving the heated fila- 
ment, and the current is quenched. So, if the vacuum 
tube is connected in the alternating-current circuit, 
the half-wave consisting of current from the filament 
to the anode is allowed to pass, and the other half- 
wave is not; and thus current impulses all in one 
direction come through the apparatus. The develop- 
ment of valves of this type is very interesting from 
the point of view now under consideration ; but the 
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Fic, 123 —Rear View (with back 

plates off) of Typical ‘‘ Hewittic’”’ 
Rectifier Cubicle. 
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whole matter is too new to allow anything very 
definite to be said about it. 

Klectrolytuc Rectifiers —Another type is the electro- 
lytic rectifier, the principle of which depends on 
the fact that, when some combinations of metals 

are immersed in appropriate chemical solutions, the 
apparatus acts like a non-return valve, and allows 
current to pass through it in one direction only, be- 
cause a high-resistance chemical film’ forms on one of 
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Fie, 124.—The Electrolytic Arc Lamp 

Rectifier. (M.S.A.) 

the metal plates, with the curious property that it is 
effective only when the current tries to pass in one 
definite direction and not in the other direction. This 
is the basis of several recent types of comparatively 
small rectifiers, and they are mentioned here, not 
because they are of any great practical interest at 
present, but rather because some early development 
may make this account incomplete without at any 
rate a passing reference to them. : 

In brief summary, then, it may be said that th 
most usual alternating-to-direct-current transformer 
at present is of one of the rotating types, but that the 
stationary types, though not greatly used at present 

O 
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in actinotherapy, should not be refused consideration 
in comparison with the commoner types. 
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Fie. 125.—The ‘‘McIntosh” Tungar Rectifier, which is 
mounted at the base of the Lamp. 

It is perhaps well to add that in some special cases 
a secondary battery may be a useful adjunct to the 
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generating or transforming or rectifying plant,any type 
of which may be used to charge a battery. It 1s cer- 
tainly not often that the need for considerahle outlay 
on a battery will be required ; but 1f emergency cases 
are to be treated, or if skilled attention to running 

Fie. 126.—‘‘Satety First’? Switchboard. 

machinery 1s available at very restricted times only, 
it might be worth its cost. 

The requirements of an installation in switch-gear 
are variable, and depend so much on the particular 
circumstances prevailing in each case, that no general 
ruies can be laid down. But, obviously, when trans- 
forming plant 1s used, just as when it is not, some main 
control for cutting off the supply of current will be 
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required, with, in addition, sectional control for power 
and lighting, subdivided as may be most convenient. 
There should, of course, be means for switching on 

and off each: individual piece of actinotherapeutic 

Fie. 127.—‘‘B.T.H.” Tungar Rectifier. For use with Quartz 
Mercury Vapour Arc. Universal voltage, 50 cycles ; 
D.C. output, 120-150 volts, 4 amperes. 

apparatus, conveniently placed near the position of 
the person using the apparatus; and one important 
thing is to see that all metal cases and frameworks 
are connected to earth through a special earth con- 
nection, so that they may be at a safe potential, and 
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no shock may come from touching them. Should 
any fault occur.in the way of leakage from a live part 
to the case or frame of the apparatus, the appropriate 
fuse will blow and danger will be avoided. It is to be 
noted in this connection that if the installation is a 
large one, with the possibility of considerable leakage 
current in the event of a fault, a water pipe is not 
necessarily a good thing to use as an earth connection, 
because the leakage current could conceivably melt it, 
with disastrous results in the way of flooding. In such 
circumstances a special earthing circuit connected to 
a specially buried earthing plate is advisable. 

Measuring instruments are useful to show the 
amount of current passing in individual pieces of 
apparatus, and, since much of the apparatus depends 
for its working on the application of correct polarity 
to it, it is essential that a polarized voltmeter should 
be available on the terminals of the general direct- 
current supply, from whatever source it is obtained, 
so that it may always be seen at a glance that the 
polarity is correct. Some types of transforming 
apparatus are not definite in their polarity, and special 
care must then be taken to see that the excitation is 
in the right direction. Finally, it is to be urged that 
in so specialized and technical a matter as the selection 
of transforming apparatus, with its accessory switch- 
gear and other appliances, the detailed advice of 
manufacturers and of first-class electrical contractors 
should be sought. The subject has been treated here 
merely in outline, and only for the purpose of giving 
a general idea of some of the problems associated 
with, it. 



CHAPTER VII 

CHEMICAL PROPERTIES OF ULTRA-VIOLET 

RADIATION | 

Reactions of Degradation—Reactions of Synthesis—Chemical 

Methods of Testing the Intensity of Ultra-Violet Radiation 

—-Grotthus’s Law — Photosensitization and Inhibition — 

Photochemistry in Nature—Technical. Applications 

THE existence of invisible radiation, beyond the limit 
of the visible spectrum, having the power of convert- 
ing silver chloride into metallic silver, was noticed by 
Selecle as long ago as 1777. 

These rays came to be termed “actinic” or 
“chemical ”’ rays, because they were supposed to be 
necessary before chemical reactions could take place. 
This has been proved to be erroneous, however, and it 
is now known that chemical changes can take place in 
the presence of all rays of the spectrum, but some so- 
called photochemical reactions have velocities inversely 
proportionate to the wave-length of the rays present. 

Baly has said that, in general, no substance can take 
part in a chemical reaction or undergo chemical change 
unless previously a certain amount of energy has been 
supplied to it. One of the most familiar methods ot 
giving this necessary quantity of energy 1s by heating 

the substance ; photochemical processes occur only 
when the energy 1s supplied in the form of visible or 

ultra-violet rays. 
Photochemical reactions may be divided broadly 

214 
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into reactions of degradation—where the original pro- 
duct is broken down—and synthetic reactions—where 
two or more substances unite to produce a more 
complex product. Reactions of double decomposition 
may conveniently be included in the last-named group. 

Reactions of Degradatron.—The splitting up of 
hydroiodic acid into its two elements may be taken 
as a typical example of the degrading effect of light: 

EEL = I 

Because of this, hydroiodic acid is always stored in 
the dark, or in dark-coloured bottles. If it is kept 
exposed to light the colourless liquid soon turns to a 
dark brown hue, owing to the liberation of iodine. 
Many other chemical compounds are decomposed 

by light, even water, but in this case the action is a 
slow one. Hydrogen peroxide is decomposed much 
more readily. 

Photochemical decomposition of many substances 
takes place in aqueous solution or in solution in organic 
solvents. 
Rays of wave-length 3330 A or shorter have been 

shown by Anderson to convert an aqueous solution 
of potassium nitrate into nitrite with the liberation 
of oxygen. | 

Marmier irradiated sodium sulphate and identified 
sodium hydrosulphite and sulphur in the degradation 
products. 

Jacquier has found that sunlight or the radiation 
from a mercury vapour lamp will precipitate metals 
from solutions of their salts when aluminium plates 
are suspended in the solutions. 
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If plates of silver, copper, tin, or lead, are suspended 
in water and exposed to ultra-violet radiation, col- 
loidal solutions are formed. A large number of organic 
compounds are decomposed by radiation. Acetone is 
broken up into carbon monoxide, ethane, and methane. 

In the presence of light, chloroform is converted into 
carbonyl chloride (phosgene) and hydrochloric acid ; 
because of this, chloroform used for anesthetic pur- 
poses should always be kept in the dark, and, as far as 
possible, the bottle should be full. 

Many workers have investigated the effect of light 
on aqueous solutions of sucrose and other sugars. 
Sucrose is first converted into glucose and fructose, 
which are in turn decomposed into aldehydes, ketones, 
and alcohols, and, finally, after prolonged irradiation, 
into carbon dioxide, carbon monoxide, and hydrogen. 

Kuler and Kuler and Ryd have shown that under 
the influence of ultra-violet rays aqueous solutions of 
lactic acid are decomposed into alcohol and carbon 
dioxide. 

Baudisch states that solid calcium lactate is degraded 
into carbon monoxide, ethane, methane, and hydrogen. _ 

The fact that exposure to ultra-violet radiation 
accelerates the spontaneous decomposition of many 
commercial explosives has been utilized by Berthelot 
and Gaudechon as a basis for stability tests. 

Reactions of Synthesis —The formation of hydro- 
chloric acid by the photochemical combination of 
hydrogen and chlorine is a typical example of a 
synthetic reaction ; an equimolecular mixture of dry 
chlorine and hydrogen may be kept in a sealed tube 
in darkness for several weeks without appreciable 
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combination taking place. On exposure to diffuse 
daylight complete conversion takes place in a few 
hours, whilst direct sunlight causes the reaction to 
take place with explosive violence. The light given 
out by burning magnesium (photographic “ flash 
powder’) also causes explosive combination, because 
this ight is very rich in actinic or short-wave rays. A 
similar effect 1s produced by a mercury vapour lamp. 

Oxygen is partly converted into ozone (O,) under 
the influence of ultra-violet radiation. It has been 
suggested that ozone 1s produced in the upper regions 
of the atmosphere by the action of the sun’s rays on 
the oxygen of the air, and that rain and wind bring 
this ozone to the earth’s surface. 
Many organic compounds undergo polymerization 

when subjected to actinic radiation, two or more 
molecules uniting to form a larger molecule of the 
same empirical composition, but having greatly 
modified chemical and physical properties. 
An interesting application of the production of 

polymers by ultra-violet light is described by Klatte 
and Tollet, who submitted vinyl chloresters to the 
action of heat and ultra-violet rays. A solid sub- 
stance resembling celluloid was obtained from vinyl 
chloracetate, and a solution which could be used as 
a lacquer was formed when this was dissolved in a 
suitable solvent. ; 

According to Plotnikow, vinyl chloride polymerizes 
under ultra-violet rays of very short wave-length, a 
substance resembling rubber being formed. | 

Halogenation, or the introduction of halogens into 
organic chain compounds, is probably the most 
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valuable technical application of ultra-violet rays to 
induce or assist chemical reaction. Methane may be 
chlorinated to give successively methyl chloride 
(CH,Cl), methylene chloride (CH,Cl,), chloroform 
(CHCl), and, finally, carbon tetrachloride (CCI,). 
Radiation has been extensively used for this reaction 
ona commercial scale in the halogenation of natural 
gases and liquid hydrocarbons. 

Chemical Methods of Testing the Intensity of Ultra- 
Violet Radiation.—This phenomenon of photochemical 
reaction suggested chemical means by which the in- 
tensity of ultra-violet radiations might be determined. 
The intensity of the radiation may be measured by 
weighing the quantity of metallic silver produced in 
a given time from a given amount of silver chloride 
after a certain length of irradiation. This method may 
be modified into measuring the amount of blackening 
of standard photographic paper in a given time. 

In Bunsen and Roscoe’s actinometer the intensity 
of ultra-violet radiation is measured by the quantity 
of hydrochloric acid formed in a given time when the 
rays are allowed to act on a mixture of hydrogen and 
chlorine. | 

King has elaborated a method of estimating the 
intensity of radiation below 2650 A by means of 
carbon tetrachloride, which liberates free chlorine 
during irradiation. The addition of a potassium 
lodide solution replaces the chlorine in solution by 
iodine, which colours the carbon tetrachloride a 
reddish violet, and the amount of radiation can be 
estimated from the depth of the coloration. 

Moss and Knapp have devised a method which they 

CHEMICAL PROPERTIES 219 

call the “ uroxameter ” test, in which they employ 
aqueous solutions of oxalic acid and uranium acetate 
and then ascertain the amount of undecomposed 
oxalic acid by titration with a potassium permanganate 
solution. \ 

Recent research by these two workers has confirmed \ 
the fact that the ultra-violet output of quartz mercury 

Fic. 128.—The ‘‘K.B.B.” Uviometer. 

vapour lamps decreases considerably with continued 
use. Three lamps were tested, but divergent results , 
were obtained, showing the necessity of controlling / 
photochemical work by actinometric tests. : 

Janet Clark uses the darkening of lithopone paint 
as a means of estimating the intensity of ultra-violet 
radiation, lithopone being insensitive to rays above 
3200 A and uniformly affected by rays between 
3000 A and 2300 A. ge | 

Grotthus’s Law.—More than a hundred years ago 



\ 

ay 
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Grotthus propounded the photochemical absorption 
law, in which he stated that only the rays absorbed 
are effective in producing chemical change. The law 
of Ritter, Herschel, and Becquerel, states that rays 
of long wave-length exert an oxidizing action as op- 
posed to the reducing action of rays of short wave- 
length. Rays of wave-lengths shorter than 3022 A 
decompose diastase in solution. 
We have repeated Schanz’s experiment and exposed 

a dilute solution of egg albumin in a quartz tube for 
an hour at a distance of 5 cm. from a lamp, and 
have been able to demonstrate that the albumin te- 
acted like globulin with ammonium sulphate, showing 
that proteins are rendered less soluble when exposed 
to ultra-violet radiation under suitable conditions. 
These rays also partially change chlorophyll dissolved 
in aqueous alcohol into urobilogen. 

Amylase and invertase, the enzymes of malt and 
yeast, are destroyed by ultra-violet rays, the former 
more readily than the latter. The rays also destroy 
the toxicity of strophanthus compounds, and quickly 
render harmless the venom of the cobra, but have 
much less effect on antivenomous serum. 

i The antitryptic effect of human blood is nullified 
by ultra-violet radiations. 

Photosensitization and Inhibition —Certain bodies 
may act as sensitizers in a large number of photo- 
chemical reactions, promoting reaction or increasing 
its velocity. Other substances act as inhibitors or 
decelerators. 

The ordinary photographic plate is much more 
sensitive to light of short wave-length than to light 

CHEMICAL PROPERTIES 221 

at the red end of the spectrum. ‘This causes a bright 
red object to appear much darker in a photograph 
than a dark blue object, and gives a false impression 
of the respective colours. Colour-sensitive plates, 
which are equally susceptible to both the red and the 
blue ends of the spectrum, are made by the addition 
of certain compounds. 

Vogel observed, as long ago as 1873, that photo-— 
oraphic plates could be made sensitive to other colours 
besides blue and violet by the incorporation of certain 
colouring matters, and Waterhouse, in 1875, showed 
that eosin rendered a plate sensitive to yellow and 
ereen. | 

In 1856 Greville Williams prepared the blue colour- 
ing matter cyanine, and in 1875 Vogel discovered 
that this compound acted as a photographic sensitizer 
for the red. | 

In 1903 Miethe first used the isocyanine colouring 
matters as sensitizers and obtained much _ better 
results than with cyanines, which are inclined to give 
irregular results. , 

Pope and his contemporaries have introduced many 
new photographic sensitizers within recent years, and 

plates can now be obtained which are sensitive to the 
whole range of the solar spectrum. 

In some photochemical reactions the presence of 
water or water vapour acts as a ‘sensitizer, but in 
other cases it partly or entirely inhibits the reaction. 

The halogens, mercury and zinc oxide, often act as 
sensitizers. 

It has been found that hydrogen and oxygen alone 
do not react at ordinary temperatures in the presence 
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of ultra-violet rays, -but the addition of mercury 
causes Immediate combination. 

The photochemical decomposition of carbon dioxide 
is inhibited by the presence of even a trace of water 
vapour, and water is essential for the combination 
of hydrogen and chlorine under the influence of 
visible light. The decomposition of potassium nitrate 
in aqueous solution is auto-inhibited by the nitrite 
liberated in the reaction. 

Much work has been done sear on the effect 
of mercury vapour on photochemical decomposition. 
Taylor and Bates have carried out many experiments 
on the decomposition of such substances as water, 
ammonia, methane, alcohols, and organic acids, in 
the presence of mercury vapour, and have shown the 
enormous effectiveness of the excited mercury atom 
in disrupting the linkages C-H., N-H. and O-H. 

Photochemastry in Nature.—Photochemical reactions 
play an important part in plant metabolism. The 
living plant inhales carbon dioxide from the air, and 
under the influence of sunlight this reacts with water 
to form formaldehyde, which is subsequently poly- 
merized to carbohydrates. This theory was’ first 
postulated by Bayer, in 1870. The chlorophyll of the 
leat and inorganic bodies derived from the soil probably 
act as photocatalysta. 

Baly and his co-workers have repeated the photo- 
synthesis of formaldehyde in the laboratory. 

These investigators have submitted water, with a 
stream of carbon dioxide passing through it, to ultra- 
violet radiation, and have detected formaldehyde in 
the resultant solution. Rays of 2000 A cause the 

a a a aie 
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production of formaldehyde and those of 2900 A 
polymerize the aldehyde to reducing sugars. 

Ferric hydroxide, malachite green, and chlorophyll. 
all catalyze the formation of formaldehyde, and 
calcium carbonate assists in the [pole menial of 
formaldehyde to form sugars. 

CO,-++ H,O+HCHO-+ O, 
Formaldehyde 

6HCHO+C,H,.O, 
3 Fructose, glucose, etc. 

2C,H,,.0,>C,,H,,0,,+ H,O 
Sucrose, maltose, etc. 

ne H, O,>(C,H,,0,) n+nH,O 
Stare 

The natural synthesis of proteins by the living cell 
has attracted much attention among biologists and 
biochemists. 

Fischer, in his epoch-making researches on the 
synthesis of proteins, succeeded in building up many 
polypeptides closely related to proteins from amino- 
acids, and has indicated the possibility of synthesizing 
proteins by a similar method. 

Plants obtain their supply of nitrogen from the 
nitrates and nitrites of the soil, but many of them are 
also able to assimilate nitrogen and oxides of nitrogen 
from the air. 

According to Baly, Heilbron, and Stern, free am- 
monia plays an important part in plant metabolism ; 
they identified methylamine and nitrous and nitric acid 
in the products obtained after irradiating solutions of 
ammonia and carbon dioxide with a quartz mercury 
vapour lamp. 



224 ULTRA-VIOLET RADIATION 
¢ The photochemical reaction between “ activated ”’ 

formaldehyde and potassium nitrite produces the 

potassium salt of formhydroxamic acid oer and 

this is probably the first step in the production of 
nitrogen compounds in the plant. 

From this substance amino-acids and proteins are 
most probably synthesized. 

Baly, Heilbron, and Hudson have obtained definite 
evidence of the formation of amino-acids from formal- 

dehyde and nitrate ; they have also isolated alkaloidal 
bases, and have identified pyridine, piperidine, and 
methylamine in the products of the photochemical 
reaction between ammoniacal cupric carbonate and 
carbon dioxide. They suggest the following scheme 
as an indication of what probably occurs in the 
plant : 

Potassium. nitrate Carbonic acid 

Y 
Potassium nitrite Formaldehyde (activated) 

News lees | 

y 
Formhydroxamic acid | Hexoses 

eo 
Nitrogen bases o Amino acids 

| 

4 

Substituted e amino acids 

Y 
Alkaloids and 

Xanthine derivatives 

Proteins 
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As a result of their latest investigations, these 
workers suggest that the primary product in photo- 
chemical synthesis from carbon dioxide and water is 
not formaldehyde, but other more complex bodies. 
The formaldehyde is formed by the degradation of 
the latter under the influence of radiation. They - 
have been able to induce synthesis by means of visible 
instead of ultra-violet rays. This makes it possible 
to compare the laboratory experiments directly with 
plant metabolism, and the use of visible light has 
the advantage that photochemical decomposition is 

~ avoided. 

Photosynthesis has been effected by means of carbon 
dioxide absorbed on the surface of nickel or cobalt 
carbonate suspended in water and exposed to visible 
light. Complex organic compounds are formed, and 
in the presence of ammonium bicarbonate in solution 
nitrogen derivatives are produced. 

_ In a living leaf, too intense or too lengthy exposure 
to light gives rise to a marked fatigue effect, and in 
the laboratory a similar effect is noticed. This is due 
to the poisoning of the surface of the nickel or the 
cobalt carbonate with oxygen. In both cases there is 
a slow recovery reaction, and it appears that photo- 
synthesis in both cases, natural and artificial, must 
not be more rapid than this recovery reaction. 
Lechncal A pplications.—One interesting use of ultra- 

violet radiation is for testing the fastness of various 
dyestufis. Previously when it was desired to make 
experiments in this connection it was customary to 
send fabrics for exposure for one or two years to the 
tropics, or to attach them to the masts of ships. With 

P 
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ultra-violet radiation, after very short exposures, 
their fastness or their want of it can be demonstrated. 
We found on exposing cotton fabrics dyed with 

direct cotton colours that fading commenced very 
rapidly indeed, and that considerable bleaching had 
occurred after exposures varying from sixty to ninety 
minutes. 

The ‘‘ Fadometer ”’ can also be used for testing the 
permanency of inks, paints, and enamels. 

Some leather manufacturers found that “ patent 
leather’? exposed in the process of manufacture to 
sunlight was greatly improved in quality. This process 
was by no means easy to arrange, because the leather 
had to be protected from the slightest shower of rain, 
but now mercury vapour lamps are used without 
difficulty, and very successfully, to illuminate special 
airtight chambers where the leather is dried in a few 
hours. | 

Ata local tannery it has also been found that patent 
leather exposed to ultra-violet radiation becomes more 
deeply coloured and glossy. 

CHAPTER VIII 

PHYSICAL PROPERTIES OF ULTRA-VIOLET 

RAYS 

Detection of Ultra-Violet Radiation—Spectroscopic Hxamination 
of Radiation—Methods of Determining the Intensity of 
Radiation (Chemical, Thermal, Photometric, Electrical) 

—Photo-electric Effect—Absorption of Ultra-Violet Rays— 

Glasses—Reflection of Ultra-Violet Rays—Fluorescence 

THE presence of ultra-violet rays can always be proved 
by their property of blackening silver chloride, and by 
their action on photographic plates and paper. In 
their presence willemite gives out a brilliant green 
fluorescence. ‘We found that this green fluorescence 
immediately disappeared when a thick sheet of plate 
glass was placed between the willemite and the source 
of the rays, which proved that the visible rays were 
not responsible for the phenomenon. We also noticed 

that when rays of long wave-length from an electric 
torch were directed on to the willemite the fluorescence 
was again not excited; but it is produced by the 
invisible ultra-violet rays passing through a special 
filter of oxide of nickel. 

To study ultra-violet radiations it is necessary to 
make use of a spectroscope in which the prisms and 
lenses are of fluorite or quartz, since ordinary glass 
prisms and lenses absorb all the waves of short length. 
Photographs of emission and absorption spectra can 

227 
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be made with this instrument. Air absorbs rays of 
lower wave-length than 1700 A, and therefore spectro- 
oraphs of the extreme ultra-violet region must be 
taken in vacuo. In studying spectra it is advantageous 
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sensitivity of the patient’s skin. The pro- 
perty of a colourless solution of parapheny- 
lenediamine, that it darkens on exposure to 
ultra-violet rays, is made use of for the first- 

when possible to make use of a diffraction grating, | mentioned purpose. The apparatus is more 
because then not only a pure spectrum, but a uni- fully described on page 375. 

formly disposed one (t.e. one in which all wave-lengths | (c) Actinometers.—Bunsen and Roscoe’s actino- 

are equally separated), 1s obtained. meter is based on the amount of HCl formed 
Methods of Determining the Intensity of Radiation : 
1. Chemical— 

(a) The effect of rays on silver chloride or 
sensitized paper. | 
Erythema Dosimeter.—This apparatus has been 

devised by Dr Keller to measure the amount of | 
radiation active in producing erythema given off 
from any source. Different portions of a single : 
strip of special photographic paper are simul-_ 
taneously exposed to the rays at the distance 
at which it is desired to expose the patient: 

= ae oy ae ; paca ani cnet (d) The bleaching power of radiations on acetone 

the ery aa aes pro one rays ao | | : methylene blue solution (Webster, Hidinow,. 
e ery = ig Lays. | and Hill). | 

Geshe ee een on, ae ee ee 
surface, and the number of seconds required for - oe mae Bopesests monuneny Vpepea ne 
ice eh s th ‘ ens (h) Bordier’s chromoactinometer consists of paper 

eee Oo Ma etee ore tinted yellow with a 20 per cent. solution of 
N 

| ) | the shades of the portions (2) and (3) are com- potassium ferrocyanide, and a graduated series 

Fia, 129.—Dr Keller’s Erythema Dosimeter. 

on irradiating a mixture of hydrogen and 
chlorine. 

pared with specially prepared tables. From these of permanent tints of known value. When 

ee ce haenee zi Chats A een the test paper is exposed to ultra-violet 
(6) Saidman has designed a sensitometer with whic radiation it acquires a yellow-ochre colour, 

pts Ore lple 0 bese ne EC aSIOY OVERDUE and this is compared with the standard tints. 
sources of ultra-violet radiation as well as the 
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(i) Filter paper soaked in a solution of parapheny- 

lenediamine nitrate turns violet when exposed 

to ultra-violet rays. | 
(j) The new “Levy-West” ultra-violet pastilles con- 

sist of small discs of thin cardboard, having 

the white side coated with a material sensitive 

only to ultra-violet rays between 2300 and 

3800 A, and responsive equally to these rays. 

On the reverse side the discs are dark grey in 

Fia. 130.—Case containing ‘‘ Levy-West” 
Ultra-Violet Pastilles, ‘‘ Vitaglass” Filter 
and Tint Cards giving Units of Dosage. 

colour and are covered with an adhesive which 

can be made to stick by damping it. 
The white side of the disc turns varying shades 

of light yellow, corresponding to the length of 

exposure. A tint card is provided, showing 

average tints expressed in units of 1, 2, 4, 6, 8, 12 

—tint 1 being an average first dose. 
The proportion of radiation having a wave- 

length shorter than 2900 A can be determined 
by exposing two pastilles simultaneously, one 
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unscreened, and the other covered by the 

‘“ Vitaglass ’’ slide provided for this purpose. 
2. Thermal— | 
(a) Various types of pyrheliometers or actino- 

meters can be used. Perhaps the best known 
are those which have been devised by Violle, 
Pouillet, Angstrom, Abbot, Michelson, and 
Callendar. 

Powillet’s Pyrheliometer.—A surface of known 
size 1s exposed to the radiation, and the amount 
of heat imparted by it to a given quantity of 

mercury in a given length of time is noted. 
After allowance has been made for loss due to 
radiation, the quantity of heat received in the 
given time is obtained by multiplying the specific 
heat of the body by its mass and by the rise of 
temperature. 

Crookes’ Radiometer.—This little apparatus, 
so often seen in opticians’ windows, can be used 
for the measurement of the intensity of incident 
radiations, because a relation exists between this 

and the revolutions per second of the vanes of. 
the radiometer. 

Angstrém’s Pyrheliometer—Two identical strips 
of thin metal are used, one kept screened, and 

the other exposed to radiation. The strips are 
connected by a galvanometer, the needle of which 
is deflected. The deflection is reduced to zero 
by passing an electric current through the shaded 
metal strip; this current 1s a measure of the 
intensity of the radiation falling on the exposed 
strip. oe 
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(b) Rubens’ Thermopile.—An electric current is pro- 
duced when metal couples such as iron or 
copper and constantin are heated by being 
exposed to radiation. A galvanometer records 
the current, and from this mdication the 

intensity of the radiation can be deduced. 

all Aitinimeter 1 vod 
= FS 7 : 

Fic. 1381.—The ‘“ FKiirstenau ” Actinometer. 

(c) Langley’s Bolometer.—The rays are directed on 
to a thin strip of blackened metal; radiant 

energy is absorbed, so raising the temperature 
of the strip. This alters its electrical resist- 
ance, and thus the intensity of the incident 
radiation can be measured. 

(d) Fiirstenau’s Actinometer.—This consists of two 
parts: a sélenitum cell fitted with a spring 
shutter, and an instrument for registering 
the intensity of the radiation. The electrical 

oe 
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resistance of the cell is modified when ultra- 
violet rays fall upon it; but heat rays also 
influence it. There is a graduated scale 
marked from 0 to 50. The point marked 40 
on the scale corresponds to an erythema dose. 

3. Photometric.—In this method the spectrum of 
the radiation under examination is compared with 
one of known source and strength. 

A spectroscope enables a detailed examination to 
be made of the radiation given off by a substance in 
the incandescent state. For use with ultra-violet rays 
it consists of four essential parts : 

(a) A narrow slit through which the radiation passes ; 
(b) A small telescope, called a collimator, which 

makes the rays parallel ; 
(c) A quartz prism to produce dispersion of the rays ; 

and 3 

(d) A fluorescent screen, which transforms the in- 
visible ultra-violet radiation into visible hght. 
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Photographs of the spectrum may be taken by 
substituting suitably screened photographic plates for 
the fluorescent screen. 

Another method of determining the relative in- 

tensity of ultra-violet rays consists in passing the 

Fig, 135.—The Actinoscope, with which it is possible to make rough 
comparisons of the Ultra-Violet Radiation of various types of Lamps. 

radiation through a Chance’s ultra-violet filter and 
then through a piece of uranium glass, which fluoresces 
when actinic rays are present. 

4. Electrocal.—This method is based on the phenom- 
enon that if metals are exposed to rays of certain 
wave-lengths negative electrons are emitted. If the 
metal is charged positively before irradiation it 
remains charged indefinitely. A metal plate tends 
to become positive on irradiation, since it is giving off 
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negative electrons. After a while it would become so 

strongly positive that it would tend to attract back 

the negative electrons. If ultra-violet rays fall on the 

polished surface of a zinc plate negative electrons are 

shot off. If a fine metallic gauze, positively charged 

and connected to a gold-leaf electroscope, is placed in 

front of this plate the electrons will be caught and 

measured, and the intensity of the radiation may be 

determined. 
Dr Rosselet, who is at present in charge of the 

electro-therapeutic department of the Cantonal 

Hospital, Lausanne, recently explained to us the ap- 

paratus with which he made most of his observations 

on the intensity of natural ultra-violet radiation. 

The apparatus consists of a zinc sphere, 2 cm. in dia- 

meter, which has been dipped into hydrochloric acid, 

and then amalgamated by immersion in mercury. 

The sphere is situated in the long axis of a cylinder 

of brass blackened on its inner surface, and is kept in 

- position by a wire, which is attached to it at one end, 

and to an Elster and Geitel’s electroscope at the other. 

The wire passes through an amber button in the centre 

of the closed end of the cylinder. The sphere is first 

charged with negative electricity, and is then dis- 

charged under the action of ultra-violet radiation. 

The rate of discharge is proportional to the intensity — 

of the incident radiation. 7 

We made an electroscope of English gold-leat 

attached to a copper wire passing through an in- 

- sulated cork and attached to a polished zinc plate, 

which was negatively charged from ebonite. On 

irradiation with the mercury vapour burner the 
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leaves, which were separated when charged negatively, 
gradually came together again, proving the discharge 
of the negative electricity from the zinc plate. This 
phenomenon is known as the photo-electric effect of 
radiant energy. 

Griffith and Taylor have recently devised a photo- - 
meter for measuring the intensity of ultra-violet 
radiation. -It consists of a photo-electric cell and a 
gold-leaf electroscope. The cell is made of glass, 
except at one end, where there is a flat quartz window. 
The cell is evacuated of air and then filled with argon 
or hydrogen at a pressure of 3 mm. of mercury. 

The cathode consists of a thin disc of cadmium 
attached to a copper support, which is carefully in- 
sulated, and is attached to the terminal of the electro- 
scope. A short distance in front of the cathode 
there is a fine wire grid, the anode, which is earthed. 
The electroscope is charged negatively to a potential 
of about 200 volts, which causes the leaves of the 

electroscope to separate. 

When in use, ultra-violet rays enter the quartz 
window, pass through the wire grid, and act on the 
cadmium plate, causing it to give off negative elec- 
trons, so that the electroscope which is attached to 
the cathode is gradually discharged. The intensity 
of the ultra-violet rays is directly proportional to the 
rate of discharge. In making measurements the exact 
distance of the photometer from the source of radia- 
tion has of course to be taken into account. Wave- 
lengths greater than 3500 A do not influence cadmium 
photo-electrically, and the quartz window is opaque 
to most wave-lengths below 2000 A, so that the 

AQ. rn a ne 

ee 
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photometer is sensitive only to ultra-violet rays 
between these two wave-lengths. 

Hivery substance has a critical or threshold wave- 

Fic. 1386.—General view of Griffith and Taylor’s 
Apparatus for measuring the Intensity of Ultra- 

Violet Radiation. 

leneth, below which, even down to the shortest wave- 
lengths, electrons are given off. Above this critical 
wave-length no electrons are given off. Wave-lengths 
below 3000 A generally bring about this effect. In 
some metals the critical wave-length is very large, 
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and even visible light will cause the emission of 
electrons. For example, the critical wave-length of 
sodium is 3400 A, of potassium, 4400 A, and of rubi- 
dium, 4800 A. A piece of heated glass-tubing will 

Photoelectric Cel! 

flectros cope 

Larth 

Fie. 137.—Diagram of Griffith and Taylor’s 
Cadmium Photo-Hlectric Cell. 

A represents the Anode, consisting of a Wide- 
Mesh Grid of fine Wire about 3 mm. from the 

Cathode; C, Cadmium Electrode attached to 

Copper Support; P, Quartz Bush through which 
the Copper Wire passes; Q, Flat Quartz Plate 
screened by Adjustable Diaphragm; T, Point for 
Evacuation, Introduction of Argon and, finally, 
Sealing of Cell. 

cause the last-named to give off electrons. If the 
substance is in chemical combination it is. still 
possessed of this property, and the critical wave- 
length remains unchanged. 

Unattached and wandering electrons are supposed 

to exist in solids, interspersed between the molecules. 
These can be ejected by heat. They are the important 
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agents in thermo-electricity, and in the conduction of 
electricity and heat. A good conductor is one which 
contains many such free electrons. Metals are of 
this class. Non-metals, such as glass, paraffin-wax, 
porcelain, ebonite, etc., have very few free electrons, 

and are insulators. | 
Electrons are very small particles of electricity, 

each equal in mass to one two-thousandth part, 
approximately, of the mass of the hydrogen atom. 
They can be weighed and measured. They all have 
the same mass, diameter and electric charge, and are 
composed wholly of negative electricity. They rotate 
round the proton, or positive nucleus, much in the 
same way as planets round their sun, and by their 
varying numbers and arrangement give rise to atoms 
of different elements. 
When a metal is acted upon by rays smaller than 

its critical wave-length, electrons are emitted not only 
from the surface of the metal, but also through its 
substance, and even from the opposite side if the 
metal is not too thick. There is a diversity of opinion 
whether the emission of electrons is evenly dis- 
tributed in all directions, or whether they are given 
off in exactly the same ‘direction as the incident 
rays. 

The number of electrons given off is in direct 
proportion to the intensity of the light. The velocity 
of the electrons is affected only by the wave-length of 
the rays, being greater the shorter the wave-length. 
There is a uniform velocity of the emitted rays for any 
given wave-length. 

On comparing the intensity of the incident and 
Q 
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emergent electrons given off by films of varying thick- 

nesses under ultra-violet irradiation, Stulmann found 

that the maximum emission energy of the photo- 

electrons was about 40 per cent. greater when they lett 

the emergence side than when they left the incidence 

side of very thin films. In thick films the reverse 

effect was obtained. 
Since the photo-electric effect takes place when 

substances are in chemical combination, it follows that 

if certain salts (for example, zinc salts) are applied to 

the skin, electrons will be given off, some of which 

will penetrate the skin. It would be interesting to 

know whether the absorption of the ultra-violet rays 

themselves or the actual electrons given off have most 

influence in the biological effect. 
All metallic substances are photo-electric, and many 

non-metallic substances also, such as sulphur, paraffin, 

and aniline dyes. } : 
Drina investigated the photo-electric effect ot 

numerous inorganic compounds, and found that when 

a metal can combine with another element in two ways 

that compound in which the metal has the lower 

valency has the greater photo-electric effect, and also, 

in the case of halogens, that the photo-electric effect 

increases as a heavier halogen atom is substituted for 

a lighter. 
Gases also have the same property, and this is the 

explanation of Hertz’s discovery, in 1887, that if the 

two pole-plates of a spark coil are so adjusted that a 

spark will just not pass between them under ordinary 

conditions, there will immediately be a spark of 

ultra-violet rays directed on to the gap, owing to the 
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emission of electrons from the metal spheres of the pole 
plates, and also to the ionization of the intervening 

to 

Fic. 138.—The ‘“ Hilger” Ultra-Violet Spectroscope. 

air gap. Heat, X-rays and radium emanations have 
the same effect. 
_Hughes found that the critical wave-length for 

air 1s 1350 A. 
It is interesting to note that ions from ionized gases 

can be filtered out of the gas by passing it through 
cotton-wool. In liquids, where the penetration is 
deeper, the electrons do not escape so easily, and thus, 
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in addition to emission of electrons there is an increase 
in the conductivity of the solution. | 

Temperature has no influence on the photo-electric 
effect. In the alkali metals polarization of the rays 
increases the effect, because the photo-electric current 
is at a maximum when the plane of polarization 1s 
perpendicular to the plane of incidence, and at a 
minimum when these planes are parellel. When the 
angle of incidence is zero, the two currents have the 
same value. The photo-electric effect is probably 
directly proportional to the amount of ultra-violet 
rays absorbed (Grotthus’s law). The phenomenon of 
photo-electric fatigue is interesting. After radiation 
has been allowed to fall on a substance for some time 

the number of electrons emitted by the substance 
gradually decreases. If the substance is then given 
a rest and radiation is resumed the original number 
of electrons will again be given off. This fact can be 
proved by means of the gold-leaf electroscope. 

Absorption.—When light rays are incident on the 
surface of a medium some are reflected and some are 
absorbed : 

Absorption=the ratio of the amount absorbed to 
the amount incident. 

Reflection=the ratio of the amount reflected to ~- 

the amount incident. 
The sum of these is unity. 
Unit increase in the thickness of a medium reduces 

the intensity of a radiation by a constant ratio. 
Most substances become increasingly opaque to 

ultra-violet radiation as the wave-length decreases, 

and this absorption of the shorter rays makes their 

rr 
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study particularly difficult. It is thought that oxygen 
causes air to be opaque to wave-lengths shorter than 
1850 A. Nitrogen, on the other hand, is quite trans- 
parent to ultra-violet rays, and so also is hydrogen. 

Ozone absorbs the rays strongly. It is present in 
very high atmospheric regions where it helps to shield 
the world from excessive ultra-violet radiation. Water 
vapour, dust particles and smoke all absorb the rays, 
and this is the reason why the sun’s rays in our large 
cities are so weak in the ultra-violet portion of the 
spectrum. In winter these rays are often entirely 
absent alter the sunlight has been filtered through a 
layer of water vapour and smoke. Leonard Hill says 
that “on a clear day 75 per cent. of the sun’s energy 
which reaches the earth’s atmosphere arrives at an 
altitude of 18,000 feet, and only 50 per cent. at sea- 
level. Of course the amount is still further reduced 
by absorption of particles of dust and water vapour 
which surround large cities.” 
When ultra-violet radiation is transmitted through 

clear tap water a fair amount of radiation is absorbed, 
but this is not so with distilled water. Ordinary tap 
water 10 cm. in depth absorbs all rays shorter than 
2350 A; but bacteria can be killed in water at as oreat 
a depth as 30 cm.; water, however, strongly absorbs 
the infra-red rays. 

Absalom concluded that transparency to ultra- 
violet rays associated with colour is more commonly 
found in the colloidal metals than in ordinary coloured 
salts or aniline dyes. Generally, fluorescent solutions 
and solids are opaque to the rays. By using ultra- 
violet radiation it has been found possible by means 
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of absorption spectra to detect quantities of cocaine 
as small as 1 in 200,000, and atropine at a strength of 
1 in 2000. 

Solutions of peptone, amino-benzoic acid, tyrosin, 
leucin, and phenylalanin are not penetrable by ultra- 
violet rays at all. Blood absorbs all rays shorter 
than 4500 A, and has absorption bands at 5400 A 
and 5750 A. 

Fluorite is the most transparent solid to the actinic 
rays that has been found, and transmits them as far 
down as 1250 A. 

Quartz comes next to fluorite in transparency. 
There is, however, a great difference between fused 

and crystalline quartz, the latter being much more 
transparent. Quartz absorbs in the region of 1850 A, 
but there are considerable differences between various 
specimens. Celluloid and gelatin are transparent to 
near and middle ultra-violet radiations, but mica 

absorbs all wave-lengths below 3100 A. 
Cellophane -25 mm. thick absorbs all ultra-violet 

rays below 2800 A. It is very easy to sterilize if it is 
made with 45-50 per cent. of glycerine. It has proved 
a very convenient dressing for wounds when it is 
desired to irradiate them. 

“ Windolite ” consists of acetocellulose spread in a 
thin film on a fine wire mesh ; it transmits to 2320 A. 

For any substance to be transparent to any 
radiation it must be an insulator of that radiation. 

Glasses.—The transparency of glasses to the rays 
differs considerably: most clear glasses transmit wave- 
lengths of 3500 A, but transmission below this level 
is very variable. The thickness of the glass and its 

the chemical constitution of the glass. 
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chemical composition are both important factors. The 
most absorbent glasses are those containing metals of 
large atomic weight. 
It is not correct to say that glass does not transmit 

ultra-violet rays. It 1s, however, not transparent to 
the rays of the greatest value. A quartz spectrograph 
is the simplest means of studying the transparency of 
glasses. 

The permeability of window glasses is eeeae 
Luckiesh gives the following table for different glasses 
2 mm. in thickness : 

Type of Glass Absorption Limit 

Common Glass 2950 A. 
Light Crown 2950 ,, 
Extra Light Flint. 2980 ,, 
Medium Crown 3000 ,; 
Light Flint . 3050 ,, 
Medium Flint 3150 ,, 
Extra Dense Flint 3350 ,, 
Schotts’ Heavy Flint 3400 ,, 

Ordinary window glass absorbs rays below 3300 A, 
and therefore pigmentation does not occur under 
glass, since rays about 3000 A are the most active 
in producing it. 

Best Crown Glass absorbs very uals from 3100 A. 
A great deal of research has been applied, in recent 

years, to the production of a glass transparent to ultra- 

violet rays. Such transparency depends, of course, on 
Glass of the 

constitution 1:0 Na,O, 1:4 CaO, 6 S10,, transmits rays 
to 2370 A for a thickness of 1:5 mm., and similar 
glass containing 1:5 parts of CaO, instead of 1-4, 
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transmits down to 2790 A for the same thickness. 

The presence of oxides of antimony, iron, magnesium — 
or aluminium in glass tends to decrease the penetra- 
bility, whereas those of either cobalt or nickel increase 
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Fie. 139.—Spectrogram taken by Colonel J. William Gifford showing 
the Permeability of ‘‘ Windolite” and various Glasses. 

it; but when the latter are present together they 
absorb both ultra-violet and infra-red radiations. 

Recently F. KE. Lamplough, M.A., has succeeded in 
making a new glass called “ Vitaglass.” This special 
glass, which contains a large proportion of quartz, and - 
other ingredients not present in ordinary glass, has 
the property of transmitting rays up to 2750 A; it 
is thus freely transparent to all the ultra-violet rays 
which occur in sunlight. This discovery of a com- 
paratively cheap material which transmits all the 
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natural ultra-violet radiation is of outstanding 1m- 
portance: ‘“ Vitaglass,’’ when bought in quantity, is 
less expensive than even the cheapest varieties of 
plate glass. When the sun is shining all the bene- 
ficial effects of natural sunlight can now be easily 

22 SUNS SPECTRUM. emcee 

Fic. 140.—Illustration showing the Transmission of Ultra- Violet Rays 
by ‘‘ Vitaglass.” 

A, Spectrograph of the Iron Are without filtration; B, Shows that 
‘* Vitaglass” transmits the Vital Ultra-Violet Rays to the extreme 
limit (wave-length 2900 A) of the Sun’s Spectrum ; C, Shows that the" 
“Vital Rays are completely obstructed by ordinary Window Glass. 

enjoyed in warmth and in privacy, in a room having 
windows or roofs glazed with “ Vitaglass.”’ | 
| This makes its use in hospitals, sanatoria, con- 
valescent homes, schools, nurseries, and the like, 
especially important. It has recently been proved 
that the lethal effect on infusoria is exactly the same 
when sunlight is transmitted either through quartz or 
through “ Vitaglass.”” Dr Leonard Hill has recently 
confirmed, in his Royal Institution lectures, the 
transparency of “ Vitaglass ’’ to 2750 A. 

QW > 
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“ Vitaglass ” of 15 oz. weight transmits approxi- 
mately 65 per cent. of the incident radiation with 
wave-leneths between 3100 and 2900 A. 

~ Vitaglass”’ is transparent to nine-tenths of the rays 
with wave-lengths longer than 3300 A, and to three- 
quarters of the rays between 3300 A and 3000 A. 

TRANSMISSION 

PERCENT AGE 

Fie, 141.—Graphs showing the Transmission of Chance’s Spectacle Glasses. 

In actinotherapy and arc welding, glasses which cut 
off the ultra-violet rays are very important. Well- 
known varieties are : 

(1) Kuphos Glass, and 
(2) Fieuzal Glass No. 5. 
Other glasses absorb the ultra-violet rays and most 

of the infra-red. The best-known are: 

(3) Chance’s Crookes’ A Glass, which is of a faint 
neutral shade, almost colourless, and trans- 
mits 86 per cent. of daylight. | 

_— 
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(4) Chance’s Crookes’ A, Glass, which transmits 78 
per cent. of daylight. 

(5) Chance’s Crookes’ B Glass, which 1s of a stronger 

neutral colour and transmits 46 per cent. of 
daylight. 

(6) Chance’s Crookes’ B, Glass, which transmits only 
20 per cent. of daylight. 

(7) Saniweld Glass. 
(8) Noviweld Glass, which transmits less than 1 per 

cent. of ultra-violet rays and 1 to 3 per cent. 
of infra-red. 

(9) Pfund lenses, which consist of Noviweld Glass 
gold-plated and covered with a transparent 
cover-glass ; their properties are due to re- 
flection of the infra-red and ultra-violet rays 
rather than to absorption. ‘They appear like 
a gold mirror, but their transparency for 
luminous rays is exceedingly good, because, 
owing to their property of reflection, a light- 
tinted Noviweld Glass can be used. 

Glasses which transmit only ultra-violet rays are: 
(1) Wood’s Filter. 
(2) Chance’s Ultra-Violet Glass, which transmits 

only rays between 2870 and 4270 A, with 
the maximum transmission between 3300 
and 3900 A. 

(3) Oxide of Nickel Glass. 
(4) Wratten Filter No. 18. | 
Other glasses, permeable only to the near ultra- 

violet rays, are: 
(1) Gallois Special T.O. Glass, which is transparent 

as far as 2900 A. 
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Fic. 142.—Spectrogram showing the Transmission of Schott’s Blue 
Uviol Glass, and Chance’s and Wratten’s Ultra-Violet Filters. 

(By Colonel J. William Gifford. ) 
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Fic. 143.—Spectrographs showing the Transmission of Chance’s 
Crookes’ Spectacle Glasses. They transmit very little of the 
Spectrum below 3900 A. 
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(2) Clear ‘“‘ Uviol’’ Glass (Schott), which, when 1 cm. 

thick, transmits 50 per cent. of wave-length 
3050 A, and when 1 mm. thick 50 per cent. 
of wave-length 2800 A. 

(3) Blue “‘ Uviol” Glass, which, when 2 mm. thick, 
transmits as far as 2850 A. 

Fluorescent screens are made generally of barium 
platinocyanide or uranium glass. 

Pyrex Glass a few millimetres thick transmits to 
2900 A. | 

Crookes’ A Glass 1:79 mm. thick absorbs all rays 
below 3450 A. 

Crookes’ B Glass 1:93 mm. thick absorbs ul rays 
below 3500 A. 

Kuphos Glass 1:95 mm. thick absorbs all rays below 
4000 A. : 

Fieuzal Glass 2°18 mm. thick absorbs all rays pow 
3500 A. 

Saniweld Glass 1:82 mm. thick absorbs allrays below 
5000 A. : 

One mm. thickness of skin absorbs rays shorter than 
3600 A; 2°5 mm. are opaque to indigo and violet 4358 A. 

Lenku, Ganni, and Busk showed that light filtered 
through potassium bichromate solution, transmitting 
only red, orange, and yellow rays, caused an impres- 
sion on an isochromatic plate after traversing the 
hand. This did not take place when blue and violet 
rays were used, an ammoniacal solution of copper 
oxide being used as a filter. Most protoplasmic 
substances which are colourless in ordinary light show 
marked absorption to ultra-violet rays, and this is 
made use of in miscroscopy to obtain contrasts. 
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If a paint made of Chinese white (zinc oxide), either 
used alone, or, better, mixed with a little lamp-black 
to form a light grey, is applied to form a flat and 
not a glossy surface, it will absorb all ultra-violet 
radiation, not allowing any to be reflected. This is of 
importance when the wer conenne of a treatment- 
room 1s being considered. 
pee of Ultra-Violet Radiation.— Ultra-violet 

Fig. 144.—The “K.B.B. ” Microscope Iluminant Lamp. 

radiation often undergoes considerable absorption by 
reflection. Many substances reflect the near ultra- 
violet fairly well, but the middle and extreme ultra- 
violet are generally absorbed to a considerable degree. 
Much of the ultra-violet energy is absorbed by some 
substances in excitation of fluorescence’ (Luckiesh). 

Snow reflects ultra-violet rays extremely well, as it 
does visible light, and this accounts for the develop- 
ment of snow-blindness under certain conditions, ultra- 

violet rays down to 2950 A being reflected to the 
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extent of from 80 to 90 per cent. The limit of the 
transparency of the cornea to short wave-lengths is 
about the same as the short-wave limit of the solar 
spectrum. “‘ Partial eclipse blindness ” falls into the 
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Fie. 145.—Diagram of the Reflecting Power of Metals. 

(After Griffith and Taylor.) 

same category as snow-blindness, being due to the short 
wave-lengths present. In arc welding and allied trades 
it is now customary to wear special darkened glasses to 
protect the eyes from the ultra-violet rays generated 
and to prevent the occurrence of conjunctivitis. 
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An ordinary mirror, which reflects excellently in 
the visible range, reflects only to about 4 per cent. at 
3160 A, but this rises to 34:1 per cent. at 2510 A. 
Silicon is the most efficient reflector: it reflects 75 per 
cent. of the rays, and an average of 60 per cent. for 
the whole range from 3800 A to 1800 A. Copper 

Fic. 146.—The ‘‘ Hanovia” Analytic Quartz Lamp. 

and gold reach their minimum between 3500 A and 
4000 A, but reflect 38°8 per cent. at 2810 A. Nickel 
reflects 40 per cent., whereas: silver reflects only 
6 per cent. | 

_ Magnalium—an alloy consisting of 69 parts of 
aluminium and 31 parts of magnesium—treflects 80 
per cent. of visible light, dropping to 67 per cent. at 
a wave-length of 2500 A; and it is stated that this 
reflective power does not diminish with age. But 
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polished nickel is generally considered to be the most 

practical reflecting medium for ultra-violet rays. 
we 

y Vapour Lamp filtered through a ‘‘ Chance ” Ultra- Violet Filter. 

It demonstrates the great actinic effect that these invisible rays have on a photographic plate. 

yy 

Fic. 147.—A Photograph taken in a room, in ‘otal Darkness, by means of Invisible Ultra-Violet 
Rays from a ‘‘ K.B.B. ” Mercur 

Ultra-violet rays were successfully used for signal- 
ling in the late war, all the visible light being cut off 

R 
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from the source of radiation by an arrangement of 
special glasses. Small barium platinocyanide screens, 
which fluoresced. in the presence of ultra-violet radia- 
tion, were used to receive the signals. Generally these 
screens were attached to telescopes and field-glasses. 

Fluorescence—A. large number of substances are 
fluorescent, but the phenomenon is not ordinarily 
noticeable, because the brightness of the source of 
light overshadows the much fainter fluorescence. If, 
however, nickel oxide glass is used with the mercury 
vapour lamp, practically all the visible rays are cut 
off and only the invisible ultra-violet rays allowed to 
pass. The stn appears as an orange-red disc when 
looked at through this filter, and the metal filament 
of a gas-filled lamp looks merely red. 
Many substances show very beautiful fluorescence 

under the influence of ultra-violet rays, particularly 
if the room is in darkness. A tallow candle glows 
a bright blue, and many boiled sweets coloured with 
aniline dyes reveal unexpected fluorescent eflects. 
Sodium salicylate exhibits a strong violet fluorescence, 
quinine sulphate a light blue, the dye rhodamine a 
bright orange-yellow, fluorescin a yellow, a solution of 
chlorophyll a red, fluorspar a blue, and unirradiated 
ergosterol a blue and ultra-violet, but vitamin D or — 
irradiated ergosterol shows no fluorescence. 
All animal tissues are capable of producing fluor- 
escence. The liver shows an intense yellowish-green 
fluorescence, the suprarenals an orange-red, and the 
cerebral cortex a yellow. 

The finger-nails fluoresce much more markedly than 
the fingers themselves, 
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Fic. 148.—TIllustrating the use of Ultra-Violet Rays filtered through an Oxide- 
of-Nickel Filter for the examination of Old Parchments, Early erased writings 
are revealed by fluorescence. : 
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Ultra-violet rays passed through the oxide-of-nickel 

filter have proved an invaluable means of diagnosing 

small-spored ringworm of the scalp, and of accurately 

determining the extent of the scalp infection. This 

technique is also very useful for the examination of con- 

tacts. The spores on the infected hairs fluoresce vividly 

and look like minute bluish-green strings of beads. 

With this filter it is an easy matter to distinguish 

natural Oriental pearls from Japanese cultivated 

pearls. Under the rays, we have noticed, the natural 

pearls have a bluish fluorescence and the Japanese a 

yellowish green. Artificial pearls appear quite dead 

and show no fluorescence at all. 

In industry an increasing use for ultra-violet radia- 

tion is being found, particularly in the cotton and 

woollen trades, where, with its aid, it 1s possible to 

detect incipient mildew in raw or worked wool, as 

well as iron spots and early fading of dyed materials 

such as it is difficult to detect in ordinary light. 

Fresh eggs show a reddish fluorescence, stale eggs a 

dirty-violet. 
The rays can also be used for examining old parch-. 

ments which, owing to their cost in olden days, were 

often written over several times. When ultra-violet 

rays fall.on them the old erased characters become 

apparent ; and this is important because they are often 

of ereater archeological interest than the superimposed 

visible writing. 
Recently the filtered rays have been used for the 

examination of fossil remains and, as all organic 

substances fluoresce, much greater detail has been 

revealed. 

CHAPTER Ix 

BIOLOGICAL EFFECTS OF ULTRA-VIOLET 

RADIATION 

Absorption by Protoplasm—-Effect on Cyclops quadricornis— 

Effect on Growing Seedlings—Sensitization of Cells to Light 

__Effect of Rays on the Skin—Erythema—Pigmentation— 

Effects on Bacteria—On Cardio-Vascular System—-On Blood 

—On Metabolism—Calcium Metabolism—On Endocrine 

Glands—On the Eye— On the Alimentary System—On the 
Nervous System 

Tue physiological effect of light is probably mostly 
due to the photochemical reactions that result when 

rays are absorbed. We know that the chemical rays 
bring energy to the body that absorbs them, and that 
this energy is transformed in various ways. 

Of the many theories advanced to explain the 
mode of action of ultra-violet radiation, the three 

principal are these : 
(1) That the autonomic nervous system is directly 

influenced by the stimulation of the nerve endings in 
the skin, the nerves being stimulated by the oscillations 
of cells. There may also be a direct photo-electric 

action onnerve endings. Dixon, however, thinks that 
this nerve stimulation is due to fluorescent substances, 
such as quiniodine, that occur in the skin. 

(2) That the rays are able to penetrate as far 
as the capillaries of the corium, and that they are 
absorbed by the blood, where changes occur leading 
to widespread systemic reactions. 

261 
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(3) That some substance formed in the epidermis 
acts as a hormone. 

Harthausen considers that the skin fat is rendered 
photo-active by irradiation ; the body certainly has a 
curious characteristic smell, rather like that of burnt 
horn, after exposure to ultra-violet rays, as 1f some 
chemical reaction had taken place on the surface of 
the skin. 

Pincusson considers that ferments are formed by 
the destruction of some of the superficial cells, and 
others think that some substance is formed from the — 

breaking up of the chromatin bands of the cell nuclei, 
or again that the electrical state of protein is altered 
by ultra-violet irradiation, there being a change in 
hydrogen-ion concentration. 

It is probable that the three theories are all partly 
correct, and that the reactions following irradiation 
actually occur in the different ways suggested by them. 

Most of the constituents of living cells are colour- 
less, since they do not absorb visible rays; but the great 
majority of them absorb ultra-violet rays strongly, 
so that ultra-violet radiation has a marked effect on . 
living cells, as could be expected from Grotthus’s law.’ 
This fact is made use of in taking microphotographs 
of living tissues. 

It has been found that the various constituents _ 

of protoplasm begin to absorb light markedly in the 
region of 3000 A. The whole protoplasm of minute 
organisms is affected when they are exposed to ultra- 
violet radiation, and the laws of simple photochemical 
reaction govern the change. We ourselves repeated 
some experiments showing the effect of ultra-violet 
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radiation on the small pond crustacean Cyclops quadre- 
corns. They were exposed in a Petri dish containing 
tap water at a uniform distance of ten inches trom 
a ‘‘ Hewittic’’ burner. In one series of experiments 
we placed two cyclops in Petri dishes. These were 
exposed to ultra-violet rays until all movement had 
ceased. At first mobility was greatly increased, the 
cyclops going round in small circles at a very rapid 
rate, but movement gradually slowed down until it 
finally ceased. This time was noted with a stop-watch : 

Wmcovercd: Petri dish| All movement of cyclops {1 min. 15 sec. 

ceased in \1 min. 40 sec. 

Petri dish covered ) (3 min. 50 sec. 
with thin celluloid { 32 d9 9 \3 min. 50 sec. 

Petri dish covered) {5 min. 30 sec. 
with 15 oz. glass =f se 9 2 \6 min. 30 sec. 

Petri dish covered | | (5 min. 30 see. 
with 21 oz. glass J aie gs 2% \5 min. 30 sec. 

Petri. dish covered) (S min. 10 sec. 
99 99 99 with 26 oz. glass f - \8 min. 20 sec. 

These results show that glass cuts off most of the 
abiotic radiations. Next, pairs of cyclops were placed 

in watery solutions of two fluorescent dyes, auranine O 
and fluorescin, for twelve hours, and then removed 
and placed in tap water in Petri dishes as before, with 
the following results :— 
Cyclops which had : : ee 

been in auranine O - All movement ceased in 9 min. 45 sec. 
solution \s min. 30 sec. 

Cyclops which had| | < a 

been in fluorescin ; x 8 = min. a sec. 

solution | min. 30 sec. 

Control with untreated | Be eae gules 

me ree e w a | 3 min. 45 see. 

Control covered with \ { 8 min. 15 sec. 

15 oz. glass J mf ” r \ 8 min. 45 sec. 
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These experiments show that previous immersion of 
the cyclops in a fluorescent solution has the effect of 
protecting it from subsequent exposure to ultra-violet 
rays, the fluorescent matter present converting the 
ultra-violet rays into visible rays, which are not 
generally harmful to protoplasm. IH, however, the 
size of the organism is greater, the effect 1s more on 
the surface, owing to the small penetrative power 
of ultra-violet rays; but there is a partial diffusion 
of the reaction throughout the organism. The 
exact effect of ultra-violet radiation on protoplasm 
is unknown, but definite alteration in its chemical 

composition occurs. 

Experiments to show the Effect of Ultra- Violet 
Radiation on Seedlings. —In 1925 we carried out 
some simple experiments with seedlings, comparing 
the orowth under identical conditions of seedlings 
screened by Vitaglass with that of others under 
ordinary glass. The Vitaglass seedlings germinated 
before the others and showed a much taller, sturdier 
growth. 

I. Cress seeds were sown in four small } jars covered 
with muslin, kept moist with water and fairly warm 

(about 60° F. on the average). 
No. 1 was grown in total darkness. 
No. 2 was grown mostly in darkness, but was ex- 

posed daily to radiation from a mercury vapour lamp 
at a distance of 24 in. for thirty minutes. ; 

No. 3 was also grown mostly in darkness, but was 

exposed, in the same way as No. 2, for sixty minutes 

claliys ca 
No. 4 was grown in daylight. 
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Results : 
No. 1 showed typical etiolated growth. The seed- 

lings were very tall and delicate and showed no sign 
of chlorophyll formation. 
No. 2.—The seedlings were very short and shrivelled- 
looking. Some of the seeds did not germinate. There 
were slight signs of chlorophyll formation. 

No. 3.—Several of the seeds did not germinate. 
Growth was very short and the plants looked burnt- 
up. Chlorophyll was present in the small wizened 
leaflets. NG. 

No. 4 showed normal sturdy growth, with abundant 
chlorophyll. This shows that unfiltered radiation 
from a mercury vapour lamp is inimical to plant 
srowth, but aids chlorophyll formation, owing, no 
doubt, to the visible light emitted by the mercury 
vapour lamp. 

II. Mustard seeds were sown as above in seven jars 
covered with muslin and kept warm and moist. 

No. 5 was grown in total darkness. 
No. 6 was exposed for five minutes daily to ultra- 

violet radiation, and then left in darkness. 
No. 7 was exposed for ‘ten minutes. daily, and then 

left in darkness. 
No. 8 was exposed for fifteen minutes daily, and 

then left in darkness. 
No. 9 was exposed for twenty minutes daily, and 

then left in darkness. 
No. 10 was grown in daylight. 
No. 11 ‘was grown in daylight, but was exposed 

in addition for five minutes daily to ultra-violet 
radiations from a mercury vapour lamp. 
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Results : | No. 7.—Greater inhibition of growth—some chloro- 

No. 5 seedlings showed etiolation—no chlorophyll phyll formation. | 

formation. 
| 

Fic. 149.—LIllustrating the Effect of Ultra-Violet Rays on Fig, 150.—Showing the Effect of Ultra-Violet Radiation on 

Seedlings. é 
; Mustard Seedlings. 

Jars 5-9: Effect on Mustard Seedlings. Jar 12: Cress Seedlings 
grown in Daylight. Jar 13: Grown in Daylight, but covered tient 

with glass and exposed to U.V.R. for thirty minutes daily. No. 8.—Greater inhibition of srowth—some chloro- 
Jar 14: Grown in Daylight, but exposed to unfiltered U.V.R. ° 
for thirty minutes daily, , phyll formation. 

No. 6.—Inhibition of gr ears eee cht chlorophyll No. 9.—Same wizened appearance of seedlings as - 

formation. before—some chlorophyll present. 
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No. 10.—Normal healthy growth—normal amount 

of chlorophyll present. | 

No. 11.—Same inhibition of growth as in seedlings 

6, 7, 8, and 9, grown in darkness—normal amount of 

chlorophyll present. 
It is seen that exposures as short as five minutes 

daily to the unscreened radiations of a mercury 

vapour lamp are detrimental to growth in light or in 

darkness, although some chlorophyll formation may 

occur in etiolated plants. Recent work on Voandzeva 

and other plants shows that daily irradiation with a 

similar type of lamp at a distance of three feet for 

two minutes—or even for only a minute—causes 

definite structural changes and more or less retar- 

dation of growth (Delf, Ritson, and Westbrook, 1927). 

In further experiments, the results of which have 

not hitherto been published, a screen of Vitaglass was 

employed, cutting off all radiation of wave-length 

less than about 2700 A, and approximately 70 per 

cent. of the rays 2900 A. The time of exposure was 

increased, and the distance reduced to two feet to 

compensate for the absorption of part of the trans- 

mitted light, but no stunting effect resulted, nor was 

any other structural change found. ‘The changes 

previously observed were, therefore, presumably due 

to the rays of short wave-length. It is possible that, 

with still further reduction of effective radiation, 

a harmless or even beneficial result might be seen. 

In this connexion it is of interest to note that the 

time of year, the length of day, the temperature, 

and other factors, seen influence the reaction 

of plants to ultra-violet radiation. 
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Experiments by the same authors are in progress 
on the effects of ultra-violet rays on the epidermis of 

plants. This is shown in many genera by the appear- 

ance of a yellow or brown colour, and, as in the case of 

irradiated. human skin, there is a definite latent period 

before the reaction becomes evident, unless, of course, 

an excessive exposure has been given. 
This effect on plant life is different from that which 

is found on exposure of seedlings to radium emanations, 

for, although large doses of these inhibit growth, small 

doses stimulate it. 
It is possible, by the use of eosin, chlorophyll, some 

derivatives of hemoglobin (haematoporphyrin), and 

certain aniline dyes, to sensitize living cells and to 

cause, by the action of visible light, abnormal con- 

ditions such as are otherwise produced only by means 
of ultra-violet radiation. For example, if a mouse is 
sensitized by the injection of eosin, no change takes 
place in darkness, but the animal dies within a few 
hours when exposed to daylight. 

Finsen drew attention to the fact—which he found 
from his experiments on animals—that the excitation 
produced by the actinic rays reveals itself only alter 
a definite time has elapsed, and that the greatest 
effect may occur even after the cessation of the 
radiation which has been the cause of the excitation. 

Perhaps the most noticeable biological effect otf 
ultra-violet radiation is the effect it has on the skin. 
At the time of radiation nothing is felt by the patient 
excepting perhaps a faint sensation of warmth due 
to the incandescence of the quartz. No reddening is 
noticed at the time, but after a latent period, which 
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varies with almost every patient, and is generally from 
four to eight hours, a feeling of heat 1s experienced 
in the part exposed. According to the period of 
irradiation this feeling may increase and lead to great 
irritation, and even to pain. The part becomes red, - 
hot, and slightly swollen, and exhibits all the signs 
of mild inflammation, varying in severity according _ 
to the dose and the sensitiveness of the patient. This — 
erythema gradually fades and is followed by desqua- 
mation. We have noticed that if a second exposure 
is made on the same part within ten days of the first 
this erythema is not repeated, but if a larger area is 
exposed the part that is freshly irradiated undergoes 
similar changes to the first; and when a patient is 
irradiated with the arms and neck bare, and the shirt- 

front open, and at the next exposure the whole chest is 
exposed, the neck and V appear pale when contrasted 

with the intense erythema of the surrounding. skin. 
Desquamation occurs about four or five days after 
exposure, though the hyperemia may last for several 
weeks, or only for two or three days. After continued 
irradiation, pigmentation of the skin results. 

Probably because of the vasodilatation which ac- 
companies the erythema, or because of sympathetic 
paresis, there is almost invariably a fall in the arterial 
blood pressure. In one case in particular we found 
there was a fall of 20.mm. of mercury after five 

minutes’ irradiation.by the mercury vapour lamp at 
thirty-six inches distance. ‘This fall occurred before — 
erythema appeared. 

The whole metabolism of the body is quickened, 
and the general health and vitality are benefited. 
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Ultra-violet rays assist in the formation of anti- 

bodies in the blood, and so the immunizing power of 

the body is raised. 
The general action of the rays is proved by the 

effects they have on lesions far distant from the part 
irradiated. | 

An indirect effect that can be claimed for ultra- 
violet radiation is that it counteracts the diarrhcea 

and bronchitis so often found in rickets. We have 

noticed this in those of our own patients whom we 
are treating for rickets. Another important action of 
ultra-violet rays is their analgesic effect. It is thought 
that the rays exert some biologic action on the irradi- 
ated interepithelial nerve fibrils. We have noticed. 
this effect chiefly in cases of Herpes zoster: the acute 
pain is relieved even after the first exposure. 

Deeper visceral pain also is often allayed. This may 
be because of the erythema and consequent lessening 
of internal congestion, or because of the effect on the 
peripheral area, according to the view that there is a 
reflex relationship existing between teeny superficial 
areas and internal organs. 

The Effect of Ultra-Violet Rays on ihe Skin.—The 
skin itself has an important protective function, 
and it is aided in this by the sebaceous matter 
it contains. It is also an insulator with a high 
electrical resistance, as everyone who has practised 
electrotherapy knows. It is an important regulator 
of the heating mechanism of the body through the 
medium of the sweat glands. It is also a valuable 
excretory organ, assisting in the elimination of such 
waste matters as lactic acid, urea, and carbon dioxide. 
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It is the site of the formation of antibodies and is an 

important endocrine organ. It can play its part in 

the nutrition of the body, such substances as olive 

oil being absorbed by it. It is an expansion of the 

arterial and nervous systems, containing the receptors 

of such stimuli as discrimination of peripheral heat 

aud cold, pain, and tactile sensations. Itisa protector 

of the body against excessive exposure to ultra-violet 

radiation. Jt is the site of the activation of hormones 

and vitamins. Sequeira has said that it is the most 

extensive sensory organ of the body, and its condition 

may most profoundly influence the nervous system : 

an example of this is the severe shock that follows 

an extensive burn. The skin responds to changes ot 

environment, and also to internal conditions, these 

responses being manifested by alterations in colour, 

in temperature, and in moisture. 

Hasselbalch gives the following table showing the — 

amount of ultra-violet radiation transmitted through 

epidermis 0-1 mm. and 1 mm. thick; the figures are 

given as percentages of the incident radiation : 

Wave-Length | 4360| 4050 | 3660 | 3540 3130) 3020 2970 2890 

O-1mm. ,|,59| 55 49 | 42 | 30] 8 | 2 |0-01 

Imm. .|.0°5 | 0-3 

The absorption by the skin of ultra-violet rays, especi- 

ally the rays of very short wave-length, is very great, all 

_ rays shorter than 3000 A being absorbed by a layer of 

0:08 | 0:02 | >. 
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epidermis 0°'l mm. in thickness. The shorter the 
wave-length the thinner the layer that will completely 
absorb it: 2°5 mm. of skin are opaque to indigo and 
violet rays (4358 A). Long wave-lengths are absorbed 
to a smaller extent. This is easily demonstrated by 
noting the sensation of red experienced when the eyes 
are closed and a. séurce of light is placed in front of 
them, or when the facial sinuses are illuminated. We 
have noticed that if the eyes are closed when one is 
standing ‘close to the quartz mercury. vapour burner 
a sensation of green is apparent: this shows that red 
rays are absent from mercury vapour radiation, and 
also that-green rays are capable of penetrating the 
eyelids. ee 
Macht found that ultra-violet rays could penetrate 

to the capillaries when he ‘experimented with a 
spectroscope inserted beneath living skin. 
* Blood serum absorbs .all rays below 3000 A, and 
normal blood not only absorbs all rays with wave- 
lengths less than 4500 A, but also has two absorption 
bands—one at 5400 A, and the second at 5750 A. 

As a result of the absorption of the ultra-violet rays 
by the skin certain changes take place. It is thought 
that the rays convert the cholesterol in the skin into 
vitamin D, which stimulates calcium and phosphorus 
absorption. Pacini mentions that there is at first 
a period of vasodilatation, which is followed by vaso- 
constriction if irradiation is continued. This he proves 
by eliciting the “adrenal reflex’’ by stroking the 
skin, when it will immediately blanch and then 
appear red. If this is repeated while the part is being 
irradiated with the quartz mercury vapour lamp, it is 

S 



274 ULTRA-VIOLET RADIATION 

found at first that the reaction time between the 

initial blanching (vasoconstriction) and the ultimate 

reddening is markedly lessened ; this is the period 

of vasodilatation. If the exposure is continued, the 

reddening disappears, and is again succeeded by 

Fic. 151.—Specimen of Cholesterol crystallized from 

Solution in Alcohol, (Photograph by Mr Spencer | 

Breslin. ) 

blanching (vasoconstriction). It must therefore be 

concluded that short exposures to the rays cause 

vasodilatation, and longer exposures cause vaso- 

constriction. A healthy non-pigmented skin takes 

on the appearance of “ goose flesh ” when exposed to 

cold: but this rapidly disappears under the ultra- 

violet rays. 
Erythema.—Krythema is undoubtedly one of the 
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most important phenomena occurring in actino- 
therapy. Erythema from sunlight most olten occurs 
in “spring, when the previous summer's pigment 

Fie. 152.—Pigmentation due to the action of Heat Rays. 

has disappeared. It has been found that erythema 
causes an immediate rise in the amount of caletum 

in the blood, and that this decreases as the erythema 
fades. y 2 

Actinic erythema must be clearly distinguished 



2'76 ULTRA-VIOLET RADIATION 

from erythema caused by infra-red rays, which ap- 

pears actually during irradiation and soon disappears 

afterwards, whereas actinic erythema appears only 

after a latent period of from four to twelve hours. 

This latent period is very variable. The erythema 

produced by ultra-violet radiation also differs from 

other inflammations in that it is nearly oe 

followed by pigmentation. 

The erythema varies in severity, according to 

the length of exposure and the sensitiveness | ot the 

patient, from a faint reddening to necrosis ‘of the 

epidermis with the formation of blisters, containing 

serous fluid. fe 

Saidman mentions two cases sae Cea. violet 

irradiation was followed immediately by the appear- 

ance of erythema—one of these patients was pregnant 

and the other was suffering from asthenia associated 

with endocrine disturbance. He also describes a 

case of carcinoma which had a hemorrhagic type of 

erythema. 
Fair people react more strongly than dark, and the 

“red” type is more sensitive than either. It is often 

difficult to produce erythema in infants, and for this 

reason great care should be exercised in irradiating 

them, for fear of giving an overdose. Signs of over- 

dosage are loss of weight, insomnia, and increased 

irritability. We have also found that norma! skin 

is more sensitive to irradiation than morbid skin, 

and also that parts generally covered by clothing 

are especially liable to the subsequent development 

of erythema. It is difficult to produce erythema on 

the palms of the hands or on the soles of the feet. 

BIOLOGICAL EFFECTS on: 
The duration of the erythema also depends upon its 

severity and the reactivity of the patient, and varies 
between two days and several weeks. 

Erythema is sometimes preceded by an abnormal 
sensitiveness. of the skin; and the colour of the 

erythema disappears on pressure. | 
Erythema is accentuated when ultra-violet rays 

are applied conjointly with luminous and. infra-red 
rays. If drugs such as iron or arsenic are taken 
internally, erythema may be intensified, but resorcin 
(C,H,(QH),), on the other hand, decreases it. The 
whole range of rays between 3130 and 2530 A can 
cause erythema, but the maximum effect 1s produced 
by rays of 2970 A, which provoke almost one-third 
of the total erythema. — | 

Hausser and Vahle give the following table : 

Wave-length 3130 3020 2970 2890 2800 2650 2530 A 
Menivity  .. 45. 68 9100 (30: 28°19. 16 

Angus found that the relative powers of the 
following sources of radiation to produce erythema 
were in the order given below: 

(1) New mercury vapour lamp. 
(2) Carbons with pulverized iron cores. 
(3) Tungsten arc. 
(4) Certum-cored carbons. 
Chemical changes occur in the stratum corneum, 

where the ultra-violet rays of short wave-length are 
absorbed ; but the maximum vital response takes place. 
in the cells of the basal layer of the Rete mucosum. 
This important layer of cells has for 1ts function the 
reproduction of destroyed skin, keratinization, and 
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the formation of pigment. The capillaries in the dermis 

are influenced by the absorption of substances formed 

in the irradiated epithelial cells. | 

The phenomenon is probably partly photochemical 

and partly photo-electric, arising from the actual 

penetratiea of electrons. 

Tt has been found experimentally that there is a 

more rapid onset of actinic erythema in an area if 

the sympathetic nerve controlling it has been cut, 

and that the redness also subsides more quickly than 

usual. 
We have often noticed that when a small area is 

strongly irradiated the resulting erythema is most 

marked around its periphery, though little dark red 

spots appear dotted over the whole area. 

The irradiated skin is more sensitive than normal 

skin to painful stimuli, and feels hotter and rougher 

to the touch. | ae 

Microscopic examination of the skin reveals serous 

swelling in the deeper layers of the epidermis, the cell 

nuclei of the granular and Malpighian layers being 

especially affected. Vesicles form, and there is a 

migration of leucocytes into these two layers. 

The diameter of the capillaries increases to Irom two 

to four times their normal size. The blood stream 

slows down till it comes to a standstill in the affected 

area. 
Twenty-four hours later there is active diapedesis 

from the non-thrombosed vessels, with marked cedema, 

and the reaction is at its height about thirty hours 
alter exposure. _ 
When the exudation is sufficiently great to break 

BIOLOGICAL EFFECTS 279 

continuity between the stratum corneum and the 

stratum granulosum, blisters occur. The thrombi in 

the superficial vessels are removed by phagocytes. 

Some days later, if the exposure has been sufficiently 

powerful to cause necrosis of the epidermal cells, 

desquamation results. 
Fauré-Fermiet, experimenting on the eggs of a cer- 

tain ascaris, found that fragmentation of the chromo- 

somes occurred. This probably takes place in the 

human epidermal cells on irradiation, and the subse- 

quent erythema that occurs after several hours may 

be due to some substance formed from the broken-up > 

chromatin. 

Pigmentation.— Pigmentation can occur only if 

there has been a preceding erythema. The phenom- 

enon is due to the deposition of the pigment melanin 

as granules round the nuclei of the basal cells of 

the epidermis. These granules form a screen round 

the nuclei and protect them from an overdose of 

ultra-violet rays, and when pigmentation has once 

taken place there is much less danger of excessive 

actinic erythema. At the same time it is unlikely that 

the pigment granules, which are situated in the basal 
layer, can protect the stratum corneum. In thera- 

peutics the appearance of pigmentation necessitates 
the administration of longer exposures. 

The rays that are most potent in producing pig- 

mentation are those between 2900 A and 3300 A, 
which are the shortest wave-lengths of the solar spec- 

trum. Waves shorter than 3300 A are absorbed by 
glass, and since it is known that pigmentation does 
not take place if sunlight first passes through glass, 
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The screen formed by the pigmentation is thou 

Pigmentation also ensures the maximum amount 

to convert light into heat. Its use as a screen is evi 

some places where the amount of sunli 

Rollier is inclined to think that if pi 
portant in this way in photothera 
the fall of potential observed in 
actions takes place because of it; but under Wood’s 

mixed with water and placed.in a quartz tube, which 

skin underneath the tube is unharmed, but the water 
in the tube is evaporated because the pigment absorbs 

that the possible effect of the pigment is to transform 
rays of short wave-length into longer and more 

monochromatic light, which produces fluorescence 

is held in the palms of the hands while the 

if some melanin, obtained from the eye of an ox, is 

-are focused on it by means of a burning 

it is clear that the longer waves do not cause this 

the rays and converts them into heat. 

close parallelism between the amount of 

obtained when fluorescent substances were 

an increased therapeutic reaction. 

= Na 

“ 

5 

ices 

3.8 

5 

a 

Sea 

5 

5 

> 

Se 

+ 

ov 

or 

3 

a) 

ie 

- 

r= 

| 

Bas 

= 

5) 

° 

ON 

| 

om
 

o
O
 

w
D
 

si
pe
al
 

S
2
0
 

4
5
 

a
.
 

P
p
 

2
 

La
re
s)
 

C
e
 

a
e
 

|
 

o
O
 

a
e
 

op
 

© 
=
n
 

2
.
 

ra
 

H
y
 

i
s
 

S
o
 

4
 

Ss
 

© 
B
D
 

© 
© 

S
O
 

ar
s 

TD
. 

Z
|
 

<B)
 

+
 

ae
) 

=
 

.
 

o 
=
 

©
 

a
7
 

=
 

=
 

o
s
 

r
o
 

P
S
 

=
 

a
 

<b)
 

Ba
 

# 
pa. 

= 
E
G
 

6 

‘W
NS

OO
NU

 
WN
Ze
14
s 

eY
y4

 
UL

 
pu
s 

oj
 

e
e
d
d
e
 

pu
v 

wN
II
09
 

94
4 

Ys
Sn
or
yy
 

ss
ed
 

so
rq
y 

po
ze

][
np

eu
r 

ae
) 

‘A
po
q 

oy
} 

y
n
o
y
s
n
o
s
y
y
 

‘a
rr
id
ed
 

o 
xo
de
 

oy
} 

ye
 

S
e
p
s
n
d
i
0
9
 

YO
no
} 

oY
} 

Ul
 

SI
 

So
lq
y 

sA
To
U 

p
e
y
e
[
[
N
p
e
w
 

o
y
 

Jo
 

u
o
T
e
U
T
U
I
e
}
 

O
T
,
 

po
q 

oy
 

B
y
 

G
a
t
a
 

S
a
n
e
 

a
a
i
6
 

S
t
 

i
o
e
 

po
ol

q 
oy

} 
A
q
 

p
e
q
s
o
s
q
v
 

sI
 

Y
O
M
 

so
UR
Ys
qn
s 

¥ 
oJ
oI
Oa
S 

Os
[e
 

A
Y
,
 

“s
T[

OO
 

M
o
u
 

SU
TU
LI
OF
 

AT
jU
eI
SU
OD
 

o
s
y
e
 

ar
e 

p
u
e
 

‘
q
u
e
w
s
i
d
 

p
u
v
 

sd
ue
gs
qn
s 

Au
sz
oy
 

v
o
n
p
o
a
d
 

se
dv

q 
s
t
y
 

Jo
 

sT
[e

0 
e
y
,
 

“p
eq
oo
ye
 

Aj
pe

to
od

se
a 

su
le
q 

1a
he

'T
 

Te
se
g 

10
 

TU
NA
TJ
CU
LU
IA
L)
 

u
n
g
e
a
q
g
 

04
g 

‘s
he
y 

Q
O
T
O
L
A
-
B
A
I
T
 

O
Y
 

Ga
to
sq
e 

Y
o
r
 

‘s
[[
eQ
 

[e
wM
se
pr
id
y 

o
y
 

ur
 

an
oo
o 

s
a
s
u
v
y
o
 

A
r
e
u
t
a
d
 

oy
} 

u
l
y
 

9
4
 

Jo
 

U
O
I
V
I
P
I
A
T
 

19
4T
W 

"
S
I
J
S
U
T
-
9
A
V
 

AA JUOTOYIp 
Jo 

UOIeIjoUsgG 
9Y4 

A
T
T
e
o
y
e
u
U
e
I
s
e
r
p
 
S
u
t
m
o
y
s
 

‘wni1st0,y 
jo 

a
i
d
e
g
 
pue 

s
t
w
s
e
p
i
d
y
 

ay} 
Jo 

U
O
T
J
O
g
 
[voOI41eA—'eGT 

‘
D
1
 

a 

si
so

pe
de

ig
 

| 
[
 

-s
ja
ss
on
 

9A
BE
l 

S
e
q
A
D
O
O
N
G
T
 

| 
4 

‘
p
e
s
a
v
j
u
e
 

so
eo
vd
s 

o
n
e
y
d
 

|
 

o
a
t
 

Ie
jn
os
vA
ti
ed
 

pu
re

 
‘
W
N
L
I
O
D
 

UL
 

S
[
O
S
S
e
A
 

P
O
O
T
,
 

| 

SOATOU 
PUB 

STESSaA 
POOlT 

IaXVByl 
s
n
o
e
u
B
y
N
a
q
u
g
 

U
I
N
I
I
O
D
 
JO 

O
A
V
]
 
A
V
L
N
I
1
4
0
Y
 

f
 
_
_
 sussiq 

o14seTo 
M
O
T
[
O
A
 
JO 

) 
SpuvBljs 

[ILM 
snssiysnolaqy 

es
ue
p 

JO
 

Sq
ys
is
uo
d 

U
N
I
C
O
 

a
u
v
i
q
w
u
e
w
 
eurTeAT 

JO 
J
U
s
W
E
S
e
g
 

S199 
[BIfeyide 

ayy Jo 
U
O
M
S
Y
L
I
A
L
 
O
Y
Y
 
J
O
 

J[UsSeL 
B 

SV 
s
o
l
v
 

[idvo 
9
4
 

jo 
S][VM 

OY} 
UL 

AM900 
sesuvtyo 
r
e
 

‘sInoy 
S
A
Y
 

Ul 
sovfd 

Sulyez 
UolMviz]yul 

o
i
y
d
o
o
y
d
m
A
,
 

B 
‘
U
O
T
I
B
I
P
B
I
A
 

Joqye 
e4e[Ip 

S
j
a
s
s
a
A
 
T
U
N
T
I
O
D
 

‘UINTIOD 
Jo 

e
l
j
i
d
e
d
 
S
n
O
A
I
O
N
 

soussly 
JO I

v
d
e
r
 
puv 

‘UOlZVZIUI4BIey 
U
T
S
 

jo 
u
o
r
o
n
p
o
a
d
e
r
 

ur 
qavd 

q
u
e
j
o
d
w
y
 
skeld 

‘saovd 
PeINOTOO 

UI 
Ss[Teo 

quewisid 
osye 

“19]OUU 

Joo 
punod 

sulemMer 
YOrAr 

quewuisid 
s
u
e
 
|
 

-U0d 
‘TakBT 

[
B
S
B
 

1O 
“
W
N
A
T
P
V
U
L
I
I
O
S
 
W
U
N
Y
B
I
Y
S
 

s]jeo 
epyotid 

‘1ySid] 
ey 
\
 

jo 
w
n
s
o
o
n
w
 

o
a
 

JO 
w
n
s
o
o
n
w
W
 

UWnyeI}g 

sj[90 
pedvys-asuezoy] 

e
 

Jo 
S
I
9
A
V
]
 
F-g 

JO 
S
J
S
I
S
U
O
D
 
A
T
[
B
L
a
u
a
s
 
S
o
U
,
 

‘urnsopnuvis 
w
u
y
e
l
4
g
 

WIpleya 
SuULBZUOD 

lefonu 
peys 

e
s
 ‘ul]BAl[-OFVIO 

SUIBY 

9
i
e
 

s
a
e
k
v
y
p
f
-
u
o
d
 

‘
w
u
p
l
o
n
,
 

w
n
j
e
i
4
s
 

O
M
}
 

9
8
0
7
4
4
 

s
A
B
1
 
J
A
O
Y
S
 

s
q
u
o
s
q
e
 

‘lapauu 
Ou 

stlrey 

‘-09 
«= SUNeUIOD 

«= Tn 
B
y
g
 

gaino00 
U
O
I
Z
B
U
I
 

-
e
n
b
s
o
p
 

Uat{ At 

v
O
 co) 

be
 

OL
S2

 
OG

92
 

O
N
G
 

OB
BE
 

OL
62

 
O2
OE
 

OS
IE
 

OS
ES

 
O
O
S
 

O 
O
L
 

O0
6¢
 

O 

SA
VY
 

LA
TO
IA
-V
UL
IN
 

| 3T
GI

SI
A 

10
9u

-V
Ud

NI
 

/ 

W
N
T
I
O
O
 

OL 

OL 

, i 

Py ce Set t : sy g . § 
BG. Se C f iv in 

a0 ‘ i. ah em cz : ® eux 
ty ONY oN yay * oebss 4 

. BT) aa”. ee oe toe Poe i . ss FL Oe . .'*+ ARIAS 
pA ‘ , c- > ee - Py A NG 3 1 ~ fe 5 . Sse wR, tA ON x ef Pe .. Z 1-7 ; . Eee 

9 Ea ; Ie “ite Hi 
oy q 3 te aaa'S PAA +e + Qe ‘ : 3 

LOI FS ft ad A e peK PN, COP GIN lr? a 
v9 ¥. i ps ead Do Ce tt Yao onan: wy, oo 16 oe § “@'@, ae Bibs \ aay | ae 
4 t Ga ee) + TT p ry 

ye ' d 7 A Ag Tel ae Flee: 
sf eee rye Ye x! : 7 : 3 yy a. ', - > ely Fate 5 ae sae A y 

fe Pay PR / p are LOMA aD the, COS / py Sa “ee 

v = 1 Ca SO) re 4 ‘e e's OTE GIG. eG Res % 
! 7 cA . 

’s - Aves Hi fs 
o ee Oa) 4 f i 

4 & 4 t4 =): \ 
- Lt, AR ———— g 

y ane . 
4s. = 

%e Hey BS UT m - 4 

Tn at Ky ‘ 
. 3 : a ne vy 

Leen 4 ' 
‘ 

copy 

Of
’ 

OO
I9
 

OO
L2

 

OO
b 

O
O
 

0
0
2
9
 

0
0
0
8
 

\j
o 

v
r
j
r
d
e
d
 

a
v
p
n
o
s
v
a
 

s
I
s
o
u
r
o
A
l
e
y
 

‘l
ep
au
u 

[a
a 

pu
no
l 

su
rv
wo
el
 

q
u
o
w
s
i
g
 

SO
[D

IS
OA

 
[
r
o
a
n
 

UI
 

pe
qy

wn
qi

s 
le
jo
nu
 

y
q
i
a
 

‘
s
e
o
v
d
s
 

A
v
o
j
o
n
u
r
t
e
d
 

‘| 
jo
 

q
u
e
w
e
s
u
e
j
u
e
 

l
i
e
 

uc
He
pn
ux
e 

j
u
e
p
u
n
g
e
 

‘
p
e
q
e
t
e
d
e
s
 

A
]
O
p
P
I
A
 

s[
Ta
O 

al
oY
 

94
BI
is
 

|
 

“T
ul

a 
S
e
y
A
D
O
O
N
T
 

pu
v 

L
O
T
 

|
 

se
TO
Is
ea
 

‘1
ve
dd
es
ip
 

A
j
o
q
e
 

1d
 

“m
od
 

§=
«4
sO
uU
l[
® 

§=
se
yN
nu
BI
D 

| | 
pe

qo
oy

e 
JO
N 

U
o
U
M
I
P
D
L
L
T
 

L
O
Y
D
 

SU
NO
TT
 

h
z
L
 

Y
L
 

‘
y
d
u
r
A
T
 

| 

SU
LU

LB
VW

OL
 

q
u
e
w
u
s
i
d
 

o
n
 

se
ou
ds
 

| 
M
O
T
T
O
Y
 

os
5i
vy
 

£
q
 

p
o
o
v
y
t
d
o
e
d
r
 

S[
[e
0 

JO
 

le
jo

uN
 

po
rv
ed
de
 

“S
IP

 
S
U
 

pe
ue

xo
ry

y 

AT
QU
SU
S UW
OU
’U
DI
PD
LA
T 

M
U
D
 

SH
OT
 

N
o
 



282 ULTRA-VIOLET RADIATION 
ed 

in all substances possessing that property, freckles 

and pigmented areas are found to be entirely non- 

fluorescent. Reyn, however, disagrees with Roller 

and says that non-pigmenters often show excellent 

therapeutic results. | | 

Gordon Pugh, at Carshalton, has investigated 232 

cases of tuberculosis of the spine and of the hip and 

knee joints, and has carefully noted the degree ot 

pigmentation in each case. Three and a half years 

later the mortality was found to have been 16 per 

cent. among the very good pigmenters; 15 per cent. 

among the good pigmenters ; 10 per cent. among the 

slight pigmenters ; and only 9 per cent. among the 

non-pigmenters. 
| 

Melanin itself is supposed to be the end product 

of oxidation of tyrosin, probably through the agency 

of an oxidizing ferment such as tyrosinase. Tyrosin, 

which is colourless, and a vaso-constrictor, circulates 

in the blood, and is also present in the basal epidermal — 

cells. Rothman has shown that there is a fall in the 

amount of blood tyrosin when pigment 1s deposited. 

Bloch proved the presence of an enzyme in the pro- 

duction of melanin, which he termed “ dopa oxydase.” 

He made use of dioxyphenylalanin, which he brought 

‘nto contact with skin. A brown coloration resulted, 

which was granular and appeared in the basal cells of 

the epidermis. This reaction did not take place in an 

albino skin, and was activated by all agents causing 

pigmentation, especially light. acon 2 

Variations in the colour of the pigmentation ob- 

tained from different sources of radiation have been 

noticed, the carbon arc producing a reddish brown 
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hue and the mercury vapour lamp a more greyish 
coloration. 

Sequeira has found that he is able to produce 
pigmentation more rapidly with the carbon arc than. 
with the mercury vapour lamp. Pigmentation is rare 
in infants. | : 

The degree of pigmentation. has no direct relation- 
ship to the intensity of the preceding erythema. 

Pigmentation is also associated with the resistance 
of the skin to infection. It has been found that in 
specific infections the rash did not appear on the 

pigmented parts of the body, but was present on 
any white skin that had been kept covered. Dr 
Leuba noticed in the Swiss army that men who had 
been used to working in the fields, stripped to the 
waist, and had become pigmented, would not respond 
to vaccination until the skin was actually cut through 
instead of being merely subjected to the usual 
scarification. Pe : 

Skin infections such as acne and boils are almost 
unknown among black tribes. Artificial ultra-violet 
rays confer a similar immunity, making it practically 
impossible for skin infection to exist or occur. 

The skin plays an important part in the activation 
of hormones and vitamins, and many avitaminic 
conditions are caused by the lack of ultra-violet 
irradiation. 

The temperature of the skin, the underlying tissues, 
and the blood, is raised owing to the absorption of 
the rays and the conversion of the radiant energy of 
shorter wave-length into heat. This results in a stimu- 
lation of the sweat glands, either locally over the part 
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irradiated, or generally, owing to the raising of the 

veneral temperature by the circulation of the warmed 

blood. The pigmented skin is effective in protecting 

patients against changes in temperature and exposure 

to dampness, and its insulating properties are en- 

hanced by the increased deposition of subcutaneous 

fat. 

Pigmentation. may persist for a considerable time. 

Three years ago one of us exposed several small areas 

on both forearms to ultra-violet radiation for the 

purpose of preparing an illustration showing the use 

of the test-dosage armlet. Several of these areas 

can still be clearly distinguished. ie 

The. protective effect of pigmentation, however, 

lasts only for a short time, and may wear off in from 

six to. eight weeks. 7 

Dufestel considers that rapid depigmentation is 

much more important than the speedy appearance 

of pigment in the first place. 

Pigmentation plays an important part in animal 

life, especially in that of polar animals, whose coats 

are generally dark in summer and white in winter. 

Effects on Bacteria.—In 1877 Downes and Blunt 

proved the bactericidal action of light. I'wo series 

of culture tubes were submitted to irradiation. One 

set of tubes was surrounded by lead-foil, which pre- 

vented the action of light, but not that of heat. The 

other tubes were left uncovered, and it was found 

that it was only in the former that the organisms 

orew. The media in which the bacteria were killed 

were again inoculated with organisms, which de- 

veloped normally, and thus proved that the light 

INF 

Amm 
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acted on the organisms themselves and not on the 
media, and that heat alone had no bactericidal effect; 

In 1890 Robert Koch showed that tubercle bacilli 
were killed by light. ‘Sputum bacilli spread in a thin 
film on glass slides and exposed to direct sunlight are 
killed in ten minutes. 

In 1917 Browning and Russ produced the spectrum 
of a tungsten arc by means of a quartz spectroscope 
on a gelatin plate inoculated with micro-organisms. 

4000K — 30004 
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Fie. 154,—Diagram of Wave-Length Ranges. (After Griffith and Taylor.) 

Sharply defined vertical areas resulted, some showing 
srowth, others showing none. The region shown to 
be most actively bactericidal lay between the rays 
of 2960 A and 2100 A. Wave-lengths slightly longer 
than 2960 A were lethal after much longer exposures, 
or at a higher temperature. The sharp lines of de- 
marcation suggested selective absorption, and this was 
proved by examining absorption spectra of suspensions 
of organisms used in the former experiments. 
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The absorption of ultra-violet rays by bacteria 1s 

principally due to the large amount of tyrosin and 

phenylalanin that they contain, and epithelial cells 

2 

F 
| { 

Fic. 155.—‘* Hewittic”” Water Sterilizer. 

may often be stimulated by rays that are markedly 

bactericidal. ie 

The region of the rays absorbed by the bacterial 

emulsion corresponded almost exactly to the portion 

of the spectrum of most marked bactericidal power. 

Browning and Russ divided the ultra-violet’ region 

into two parts—namely, the region between 3800 A 

and 2960 A, where there is the greatest penetrative 
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power, but no marked bactericidal effect, and the 
region between 2960 A and 2100 A, where there is 
marked bactericidal effect, but no power of penetrat- 
ing even one-tenth mm. thickness of skin. 

Opinions on the action of the rays of longer wave- 
lengths are diverse. Some scientists consider that 
these rays favour the growth of bacilli; but all are 
agreed in recognizing the powerful germicidal action 
of the shorter ultra-violet rays. It has been suggested 
that this is due to the formation of ozone and hydrogen 
peroxide in the medium, which would kill the organ- 
isms; but the short length of time necessary (fifteen 
to sixty seconds) for the lethal effect proves this 
theory to be incorrect, because it takes a much longer 
time for even the slightest trace of these substances 
to be formed; and, further, if the medium is in- 
oculated after the irradiation there is no effect on the 
organisms. | : | ae 

Water, which is probably more transparent to 
ultra-violet rays than any other liquid we know, can 
be sterilized by ultra-violet radiation if it is passed 
through an apparatus where it must come into con- 
tact with a quartz plate separating it from a mercury 
vapour lamp. | | 

Ultra-violet radiation destroys the secretions and 
toxins of organisms, but only after a longer period 
than is necessary to kill the organisms themselves. 
The resistance of bacteria to ultra-violet radiation 
does not vary in the same way as their resistance to 
antiseptics and to heat. | | 
Young cultures are more sensitive than old ones. 

Spores are often twenty times more resistant. to certain 
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chemicals than bacteria are, but this does not apply 

to their resistance to ultra-violet radiation, for which 

the figure is only 1:5 to 5 times. The abiotic effect is 

independent of temperature. It can take place just 

as easily in clear ice as In water. i 

Ultra-violet rays are absorbed by the protoplasm 

\J 
Fic. 156.—Diagram of ‘‘Gallois” 

Water Steriliser. 

of the organism, and in a culture, or on the ee 

of a wound, one bacterium will protect a second lying 

under it ; so in a lesion such as lupus very little 

beneficial therapeutic effect can be considered to be 

due to the bactericidal effect of the rays. It is due 

rather to an increased bactericidal property of the 

blood itself, increased lymphocytosis in the part, and 

stimulation of cicatrization. 

The destructive effect on bacteria is apparently 

due to coagulation, one view being that ultra-violet 
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radiation kills living cells and tissues by affecting 
their protoplasm in such a way that it is made pos- 
sible for certain salts to combine with the protein of 
the protoplasm and form insoluble compounds. The 
colloids of the cell, particularly of the nucleus, are 
modified. Another theory is that the cause of death 
of the bacteria is the heat coagulation that follows 
sensitization by ultra-violet radiation. 

Wishing to prove the bactericidal action of ultra- 
violet radiation for ourselves, we exposed Petri dishes 
containing agar sown with fresh cultures of staphylo- 

—coccus aureus and bacillus coli to the radiations from 
a mercury vapour lamp at a distance of ten inches. 
We found that all the organisms were killed after five 
seconds’ exposure. We repeated the experiment, but 
placed screens of various materials between the lamp 
and the organisms, and. found that no inhibition of 
growth took place when the rays passed through glass, 
only very slight inhibition when they passed through 
celluloid, and marked inhibition with gelatin. This 
shows that glass cuts off rays having wave-lengths 
shorter than 2960 A, whereas celluloid allows some 
bactericidal rays to pass through, and gelatin 1s even 
more permeable to these rays. | | 

Ihe agar plates on which the growth of bacteria 
had been killed were again inoculated for twenty- 
four hours at 87° C., and normal growth was found, 
showing that the rays act on the bacteria them- 
selves, and not on the medium on which they are 
orown. Ee 

Angus, using the following sources of radiation, 
and experimenting with hay infusoria, has found that 

i 
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the relative power required to produce equa! uel 

effects is as follows : 

Source _Leelatiwe Watts 

1. Mercury vapour lamp . rel 

2. Tungsten arc . Seidel a 

3. Carbon with pulverized i LOM -COLC = a Ae 

4, Carbon with cerium and iron core (1) . 22 

5. Hollow plain carbon ee al 

6. Carbon with cerium and iron core (2) . 2°8 

7. Carbon with cerium core : > 356 

Cardio-Vascular Effects —-When the body 1s ex- 

posed to ultra-violet radiation, dilatation of the sur- 

face capillaries results in disengorgement of internal 

viscera and vessels. The blood pressure in cases of 

hyperpiesis is thus reduced and the patients are 

oreatly relieved. 
Several eminent phototherapists have proved this 

phenomenon, and Bach found that a fall of blood 

pressure followed irradiation in 105 cases out of 109. 

We ourselves have had. very satisfactory results in 

cases of hyperpiesis in practice, especially where 

the systolic blood pressure exceeded 200 mm. of 

mercury. 
The general health of the vatient improves, head-. 

ache is relieved, and the ‘‘ weighted ”’ feeling of the — 

limbs disappears. In cases of heart lesions the dila- 

tation of cutaneous vessels and lowering of blood 

pressure lessens the work of the heart, and dyspnoea 

is often relieved. 
Chilblains have been successfully treated by actino- 

therapy ; - and so also have cases of Raynaud’s disease. 
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Liffects of Ultra-Violet Radtations on the Blood. 

It is an interesting fact that although ultra-violet 
rays have so little penetrating power they are still 
capable of producing profound blood changes. 

Normal blood absorbs all rays with wave-lengths 
less than 4500 A, and has two other absorption bands, 
one at 5400 A and the other at 5750 A. Exactly 
how the rays of energy are stored and carried is as 
yet unknown, but it has been discovered that a 
photochemical product, vitamin D, is formed at the 
surface and conveyed to the internal organs by the 
blood stream. 
Finsen found that there was a definite seasonal 

variation in the number of red blood corpuscles, 
the maximum occurring at the end of summer, one 
the minimum at the beginning of spring. 
It is generally agreed that exposure to ultra-violet 

rays increases the number of red blood corpuscles. 
Rollier finds that there is a constant increase in 

the amount of hemoglobin and the number of red 
corpuscles in patients undergoing heliotherapy, but 
altitude may play a part in these cases. 

In a series of blood estimations which were made 
in the case of a large number of soldiers, first in a 
temperate climate and then after their transfer to the 
tropics, it was found that the red blood corpuscles 
and lymphocytes were considerably increased in 
number and the polymorphs decreased, and the blood 
“pressure was also lowered. 

It seems certain that ultra-violet rays stimulate 
the hemopoietic system. 

We ourselves found that an increase in the number 



292 ULTRA-VIOLET RADIATION 

of erythrocytes from 4,300,000 to 5,725,000 occurred 
in one case in three weeks. The hemoglobin increased 
from 70 to 90 per cent. in the same length of time. 

Sunlight, ultra-violet rays, and heat, all produce an 
increase in the lymphocyte count. 

The lymphocytosis caused by ultra-violet radiations 
has been found to be almost entirely due to rays 
shorter than 3300 A. Rays longer than 3300 A cause — 
leucopenia. Bunting and Huston have shown that 
more lymphocytes can enter the blood stream trom 
the thoracic duct during twenty-four hours than are 
present in the blood stream at any time. ‘The excess of 
cells migrates from the blood vessels into the mucous 
membranes, chiefly those of the gastro - intestinal 
tract. If small animals are killed after irradiation 
by the mercury vapour lamp, the lungs, liver, and 
spleen are found to be greatly engorged with blood, 
especially the spleen. It is therefore sometimes 
supposed that the increase in white cells is due to 
stimulation of the lymphocytic organs. : 

This engorgement of the viscera cannot of course 
be proved in human beings, and an opposite action 

is thought to take place because of the cutaneous 
erythema and lowered arterial blood pressure. 

Some observers have noticed a slight increase in 
eosinophilic leucocytes after irradiation. We our- 
selves found on making differential counts in one case 
that these cells increased from 3> to 6 per cent. in a 
fortnight, this being a relative increase of 69 per cent. 
The number of blood platelets in the blood is also 
increased. If an animal is kept in darkness and fed 

on a diet deficient in fat soluble A vitamin the number 
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of blood platelets is reduced, but they are rapidly 
increased to normal alter irradiation with the quartz 
mercury vapour lamp. Cramer and Drew con- 

sider that blood platelets are part of the defensive 
mechanism against infection by bacteria. | 
By testing the effect of blood after irradiation on 

typhoid agglutinins, and by drawing conclusions 
from its increased resistance to diphtheria toxin, 
Sonne proved that irradiation causes a rise in its 
antigenic properties. 

Red corpuscles in the blood are protected for 
hemolysis by the absorption of the ultra-violet rays 
by the serum. This protective action is supposed to 
be due to the absorptive power of the amino-acids 
tryptophan and tyrosin contained in the serum. Red 
corpuscles suspended in saline are readily hemolysed 
by ultra-violet rays, probably because of the absorp- 
tion of the rays in a similar way by tyrosin and 
phenylalanin, which are also present in the protein 
of living cells, with the result that the chemical 
composition of the cells is changed and cellular death 
occurs. 

Ultra-violet radiation increases the amount of 
calctum, phosphorus, and iron in the blood, and the 
tyrosin increases and reaches its maximum during 
the presence of erythema, falling to normal again 
when pigmentation occurs. Hyperglycemia de- 
creases, but irradiation augments the iodine content 
of the thyroid gland, and raises the temperature of 
the blood. A basic hydrogen-ion concentration in 
the blood is produced by ultra-violet irradiation ; and 
hence its value in diabetes, acidosis, and rickets. 
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Reed, experimenting with animals, inserted a 
quartz tube into the severed ends of one of the 
carotid arteries, after having injected heparin to- 
prevent the blood from clotting. He then irradiated 
the quartz tube, and found that there was a small — 
but definite reduction in the negative electrophoretic 
potential of the red blood cells. 

— Experiments on Human Blood.—Owing to the kind- 
ness of Professor Burns (Professor of Physiology at 
Durham University) we were able to carry out some 
experiments on the effect on the human body of ir- 
radiation with ultra-violet rays. The iamp used was 
of the “‘ K.B.B.” pattern, and irradiation was carried — 
out at thirty inches from the lamp in a dark room. At 
first short doses were given, and these were gradually 
increased to thirty minutes’ exposure of the back and 
front of the whole body daily. The irradiation was 
continued for twenty-three consecutive days, except 
on Sundays, and frequent notes were made of the 
pulse, the systolic blood pressure, the number of 
red and white cells per cubic millimetre, and the 
percentage of the various types of leucocytes. 
The pulse rate remained practically unchanged ; 
the systolic blood pressure tended to drop slightly ; 
the hemoglobin percentage rose regularly from 70 
to 90 per cent.; and the red blood corpuscles also 
increased from 4,300,000 to 5,725,000. The total 

number of white cells varied a little, the first and last 

figures being 10,500 and 11,926 per cubic millimetre 
respectively. By far the most interesting changes 
were those that occurred in the relative numbers of 
the white blood corpuscles—+.e. the differential counts. 

| 

| 
| 
| 
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The initial figures were: polymorphs, 70% per cent. ; 
large mononuclears, 5; per cent.; small mono- 
nuclears, 205 per cent. ; eosinophils, 33 per cent. The 
final figures were: polymorphs, 56? per cent. ; large 
mononuclears, 6+ per cent. ; small mononuclears, 31+ 

per cent. ; eosinophils, 6 per cent. The polymorphs 
decreased progressively, though the greatest drop 
was early. The total fall was 20 per cent. The large 
and small mononuclears, or lymphocytes, on the other 
hand, taken together, showed an increase (most 
marked in the small lymphocytes) of 45 per cent., 
and the eosinophils increased 69 per cent. 

The effeet of ultra-violet radiation, therefore, on the 

blood is to cause a slight increase in the red and white 
corpuscles, and in hemoglobin; a diminution in the 
polymorphonuclear leucocytes; and an increase in 
the lymphocytes and, most markedly of all, In the 
eosinophilic cells. \ 

It is also known experimentally that ihe. immun- 
izing and bactericidal properties of the blood are 
increased, but the connection between these and the 

changes in the differential white count is not obvious, 
because it has always been thought that the poly- 
morphs had the greatest bactericidal effect, and yet 
they are both actually and relatively decreased. 

According to four authorities, the average number 
of white blood corpuscles per cubic millimetre 1 1S as 
follows : 

Howell . is . 5000 to 7,000 
Gray's Anatom y : . 7000 to 12,000 
Schafer . ; . 8000. to 10,000 
Halliburton ~ 8000 to 10,000 
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The percentage of the several kinds of white cells 
is as follows : 

Polymorphs 60 to 70 per cent. 
Kosinophils ep ero es, 
Small lymphocytes 2000: 25s 
Large EPCS ae eee 
Mast cells Orbe SEs, ss 

Clinically, an Coenen of polymorphs is seen in 

inflammatory and allied cases; of lymphocytes in 
whooping cough, rickets, and congenital syphilis ; and 
of eosinophils in certain gael diseases and in 
many skin conditions. 

Effects on Metabolism.—The exact way in which 
ultra-violet radiation affects metabolism has not yet 

been explained, but exposure to it deeply influences 
carbohydrate, fat, protein, and mineral metabolism. 

Rothman found that actinic erythema reduces 
pathological blood sugar; glucose disappears from 
the urine. The rays appear to have a regulating 
effect on carbohydrate metabolism, but normal 
blood sugar is not affected. Ultra-violet radiation 
should, however, never be combined with the internal 
administration of insulin, because in this case the 

amount of blood sugar is increased. 
Ultra-violet radiation increases the oxidation of 

fats. 

The amount of carbon dioxide expired is increased, 

and there is an increase of growth in daylight as 
compared with darkness. The appetite improves. 
Inspirations are deeper and slower. 

The increased temperature of the blood probably 
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influences the rate of metabolism, since biochemical 
reactions may be greatly accelerated by even slight 
rises in temperature. Ultra-violet radiation has the 
effect of activating vitamins in the body. 

Rollier quotes an interesting case of a man aged 
forty-five with benign Diabetes mellitus of several 
years standing, glycosuria twenty grams per litre, 
easily controlled by dieting. Under heliotherapy the 
glycosuria practically disappeared on ordinary hotel 
diet. ‘This was maintained during the whole period 
of treatment, but after twenty-four hours without a 
sun bath the sugar appeared again. 

lffect on the Muscular and Skeletal Systems and on 
Growth.—Rollier says “Sunlight is the best masseur,” 
and it will be found that the texture of the skin rapidly 
improves under irradiation. The condition of the under- 
lying muscles also improves, and flabby wasted limbs 
soon become strong and firm. Tubercular children 
whose limbs are being treated by complete immobili- 
zation do not get muscle-wasting and loss of tone when 
exposed to sunlight. Sunlight undoubtedly stimulates 
symmetrical muscular dowel Gjomilanty 

Kxperimentally it has been found that contraction 
occurs when the uterus or the involuntary muscle of 
the viscera 1s exposed to ultra-violet radiation. 
—Calerum Metabolism.—Another phenomenon follow- 

Ing exposure to ultra-violet rays is an increase in the 
calcium content of the blood, and also an increase in 

the concentration of inorganic phosphorus ; and it is 
probably due to these changes that actinic-ray therapy 

- is so invaluable in the treatment of rickets. One cause 

of the beneficial effect is thought to be the decrease of 
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micro-organisms in the intestine, which allows oreater 
absorption of calcium and phosphorus. ‘Two minutes’ 
irradiation daily with the mercury vapour lamp at a 
distance of three feet prevents rats, kept in darkness, 
and fed on a ricket-producing diet, from developing 
rickets; and a similar dose of rays administered 
to a baby will double the amount of iorganic 
phosphorus in its blood in a fortnight. 

Very interesting observations were made by Eleanor 
Mary Hume and Hannah Henderson Smith, of the 
Lister Institute. Rats were placed in glass jars con- 
taining some sawdust and kept in darkness except 
for ten minutes daily, when they were irradiated by 
means of a quartz mercury vapour lamp through 
the tops of the jars with the lids removed. Controls 
were kept in total darkness. After irradiation the 
rats were removed, and fresh animals placed in the 
jars, which were then placed in darkness. It was 
noticed that the animals that were irradiated grew 
most quickly. Those that were placed in the irra- 
diated jars grew more quickly than the controls, but 
not so quickly as the animals that were themselves 
exposed. 

At first 1t was FH ouene that the air in the jars was 
affected, but it was later found that if the sawdust 
was removed from the jar no change took place. A 
deal board was then substituted for the sawdust, 
and was also irradiated for ten minutes daily. The 
result was that the animals that were then placed 
in the jars on the deal boards grew slightly more 
quickly than the controls, but not so quickly as 
when irradiated sawdust was used. It must be con- 
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cluded, therefore, that in some way sawdust is able 

to absorb ultra-violet rays and to emit them again 
afterwards. : 

It used to be suggested that the reason why cod- 
liver oil is beneficial in rickets is that the oil itself 
emits ultra-violet rays when oxidized, but it 1s now 
known that this action is due to the presence of 
vitamin D. ‘Some samples of cod-liver oil prove to 
be therapeutically inert, and this is because a new 
method of preparing the oil has been introduced. 
The oil is expressed by machinery, and the process is 
such that it becomes highly coloured. ‘To clarify it, 
an absorbent mineral earth is often used; but this, 
unfortunately, absorbs the vitamin and removes it 
from the oil, so rendering it ineffective. 

Interesting experiments have been made reantly by 
Kthel Marjorie Luce, in which some cows were kept 
in dark byres and others in sunlit fields, and the 
results of feeding animals on the respective milks were 
noticed. It was found that the growth of the animals 
was the same in each case, but those fed on the milk 

from cows kept in the open were less liable to rickets. 
Calcium. salts play an important part in many body 

processes. Blair Bell has stated that lime salts 
are among the most important physiological agents 
in resisting infections and in repairing the local 
ravages of disease. They have a tonic action on the 
heart, and an increase in the amount of blood calcium 

has been found to have a stimulating effect. This 
is very important in tuberculosis, where the heart 
muscle is often relaxed. Calcium salts also stimulate 
the peripheral circulation, being largely responsible for 
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vasomotor stability, and because of this they are valu- 
able in the treatment of chilblains, and erythematous 
rashes are also relieved. 

Calcium salts diminish the permeability of the 
lymph and blood vessels, and their presence in 
adequate amounts in cases of bleeding is absolutely 
essential to ensure clotting of the blood, They there- 
fore lessen the possibility of hemoptysis and epistaxis. 
They also reduce the amount of secretions and 
ameliorate catarrhs ; they stimulate the phagocytic 
action of the leucocytes and aid the absorption of 
exudates; and they also stimulate the sebaceous 
glands. 3 

Calcium salts reduce anaphylactic reactions. They 
improve the emotional tone, and play an important 
part in the control of nervous and muscular irritability. 
Fatigue easily occurs when there is hypocalcemia, 
and there is a diminished power for work and a 
lessened resistance to disease. There is.a considerable 
strain on calctum and phosphorus metabolism during 
growth, pregnancy and lactation. 

Most of the endocrine glands influence calcium 
metabolism, and stimulation of the sympathetic 
system increases the cellular intake of calcium. | 
Calcium and phosphorus are influenced chiefly by 
rays of 3022 A to 2600 A. Shorter wave-lengths are 
antagonistic to an increase of these salts, so that, in 
certain cases, irradiation should not be given with the 
patient a shorter distance than thirty-six inches from 
the lamp. 

Endocrine Glands.—The principal action of ultra- 
violet radiation on the endocrine glands is a marked 
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depressor effect on the suprarenals. There is a rapid 
fall of blood pressure, which precedes the appearance 
of erythema, and if hyperglycemia is present the 
blood. sugar falls. There also appears to be some 
action on the thymus gland and the sexual glands; 
and theshzemopoietic system and the thyroid are 
stimulated. Some recent experiments performed on 
rabbits showed that the weight of the parathyroid 
glands increased by from 14:1 to 51:1 per cent. after 
irradiation. | | 

Effects of Ultra- Violet Rays on the Eye.—Only visible 
rays—t.e. rays between 7600 A and 3800 A—are 
capable of penetrating the crystalline lens of the eye. 
These rays effect chemical changes in the visual cells, 
and the ‘new substances formed act as stimulants. 
That this 1s so was deduced from the discovery of the 
presence in the rods of a purplish pigment—rhodopsin 
or visual: purple, which is bleached on exposure to 
light. . The layer of pigment cells that lies in apposi- 
tion to the rods and cones acts as a medium for the 
regeneration of the visual purple. 
Thé limit of visibility varies from 4100 A to 3800 A. 

-Rays:from 3800 A to 2950 A are absorbed by the 
lens and cause it to fluoresce. ‘This acts as a pro- 
tection to the retina. If an eye in which the lens 
has been enucleated is irradiated, the retina loses 

chromatin in the ganglionic cells, and the develop- 
ment of vacuoles takes place in the protoplasm of 

. these cells. The nuclei-of the same cells are large and 
clearly defined, and have a vacuolar appearance, with 
a very distinct nucleolus. Every other part of the | 
retina is affected to some extent. These changes may 
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become apparent at once, or they. may take several 
hours to develop, but recovery is complete in a few 
days. Visible rays, chiefly the red rays, antagonize 
this fluorescence in the lens, but it is not influenced 

by infra-red rays, nor do the latter diminish the 
intensity of kerato-conjunctival lesions caused by 
ultra-violet radiation. Thus it is the red and not 
the infra-red rays which antagonize ultra-violet rays. 
Ultra-violet rays cause contraction of the pupil, either 
directly by their action on the muscle fibres of the 
iris or teflexly by their harmful action on the con- 
junctiva. Toulant considers this phenomenon due to 
the stimulation of the retina by visible rays caused 
by the fluorescence in the crystalline lens, as the 
pupillary contraction due to ultra-violet. rays 1s 
identical in character and rhythm with that due to 
visible light. The cornea is most sensitive to ultra- 
violet rays, all rays below 2950 A being absorbed by 
it. Cloudiness of the cornea results from exposure 
to these rays, followed by desquamation of the 
epithelium. Similar lesions occur in the conjunctiva 
and even in the sclerotic. The lesions are usually 
superficial and clear up without permanent damage 
to the transparency of the cornea. Acute lesions 
of the parenchyma are rare and result only from ex- 

cessive doses, which are never applied therapeutically. 
Cataract has been proved to be caused by rays of 
longer wave-lengths—namely, red and near infra- 
red—and ultra-violet rays are not responsible for 
this condition as they are absorbed by the more 
superficial structures. 

Effect on the Respiratory System.—Irradiation and, 

BIOLOGICAL EFFECTS — 303 

more especially, ine production of erythema cause 
respiration to be slower and deeper. 

Effect on the Alimentary System.—Pacini has ob- 
served that gastric juice removed from the stomach 
during ultra-violet radiation shows a diminution in 
the acid content, and this may explain the beneficial 
effects that so often follow irradiation for the 
vomiting of pregnancy, and in young children when 

the condition is due to pylorospasm. Pacini also 
holds that irradiation of the referred cutaneous 
sensitive areas will relieve the pain of most gastric 
lesions. 

Reflex contraction of involuntary muscle occurs 
when it is irradiated, and this may be the reason why 
constipation i# often relieved by irradiation, probably 
through the medium of the sympathetic system. 

Loss of appetite is nearly always remedied by 
ultra-violet irradiation, probably because the digestive 
glands are stimulated, particularly the pancreas, but 
Ae the liver. 

The erythema produced after exposure 1s sometimes 
useful in relieving congestion in cirrhosis of the liver. 
Microbic infection of the bowel is decreased, and thus 
diarrhoea is checked, and substances are more easily 
absorbed from the alimentary tract. 

Effect on the Genito-Urinary System.—The kidneys 
themselves are very little affected by irradiation of 
the body, except that diuresis sometimes occurs, 
but there is a marked depressor effect on the supra- 
renal glands. ‘The secretions of the ovaries and 
testicles are stimulated. Some cases of incontinence 
of urine are benefited by actinotherapy. 
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Effect on the Nervous System.—Ultra-violet radiation 
' acts on the central nervous system and produces a 
marked mental stimulation ; it also acts on the peri- 
pheral nervous system and has an analgesic effect, 
and on the sympathetic or vegetative nervous system, 
influencing the action of the endocrine glands. It 
has the same action as natural sunlight in producing 
a feeling of vigour and of mental exhilaration and 
cheerfulness, and a sense of well-being. Nervousness 
disappears and insomnia is benefited; fatigue is 
lessened. As Finsen said: ‘‘ When the sun suddenly 
comes out, tt 1g as if nature had been brought to life. 
The insects fly and hum gaily, the reptiles bask in 
the bright sunlight ; the birds chirp and we ourselves 
get a feeling of well-being and fullness of life.”’ 

Dr Wilcken has told us that ‘on Disco Island, 

Greenland, it 1s a well-known fact that people quarrel 
in the winter, the continued darkness ‘ getting on 
their nerves.’ Disco Island is a Danish botanical and 
meteorological station, with a more or less. constant 
population.” He also says: “ Antarctic explorers 
visiting the Meteorological Institute in Buenos Aires 
have often told me how the winter’s darkness affected 
their mental condition ; and the expeditions sent out - 
annually from the Argentine Meteorological Institute to 
Laurie Island, South Orkneys (about 61°5’ latitude), 
frequently had trouble amongst the personnel owing 
to the depressing effect of the long winter.”’ 

The whole disposition of children is often altered by 
ultra-violet irradiation ; there is an increased mental » 

alertness, and this has been conclusively proved by a 
recent series of intelligence tests. Children at the 
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Treloar Cripples’ Hospital at Alton were found to 
be mentally a year in advance of crippled London 
children of the same age. 

The mental outlook of the patient is of supreme 
importance in many diseases. 

The analgesic effect of ultra-violet irradiation, 
which is most pronounced with the carbon arc, can 
readily be seen when cases of herpes, lumbago, or 
neuralgia are treated. 
Rothman considers that ultra-violet radiation tem- 

porarily paralyses the sympathetic nerve endings in 
the skin, which causes tonic depression of the whole 
sympathetic system. This results in an inability of 
the suprarenal glands to convert tyrosin into adrenalin, 
and it 1s converted instead into melanin pigment in 
the skin. 

In Addison’s disease, which we know is due to 
disease of the suprarenal glands, there is also a hypo- 
tonicity of the sympathetic system, with excessive 
pigmentation and a low blood pressure. 

Finsen’s experiments showing the stimulating 
effect of actinic rays on butterflies have already been 
referred to in Chapter I. 
When the vasomotor reflexes become sluggish for . 

want of use, as they do, for example, when clothing 
is habitually worn, great susceptibility to variations in 
heat and cold exists. Exposure to ultra-violet rays 
improves the regulation of body temperature, which 
Is a very important function of the skin. 



CHAPTER X 

THE PATHOLOGY OF SOLAR AND ULTRA- 

VIOLET RADIATION 

Heat Exhaustion and Sunstroke—Actinic Erythema or Sunburn 

—Are Ultra-Violet Rays Dangerous !—Harmful Effects of 
Ultra-Violet Rays on the Eyes—Xeroderma pigmentosum 
— FHydroa  wstivale — Hutchinson’s Summer Prurigo — 
Pellagra—Buckwheat Disease—Symptoms which may follow 

Irradiation—A Case of Over-Exposure—Contra-Indications 

to Actinic Treatment | 

Ir has been found that, besides the well- oan 

beneficial results which follow exposure to various — 
radiations, certain ill effects may occur. 

In the case of over-exposure to the sun’s rays, the 
different effects of both the heat and the chemical rays 
must be taken into consideration. Heat rays are re- 
sponsible chiefly for two conditions: heat exhaustion 
and sunstroke. 

Heat Exhaustion is a condition occurring frequently 
in the engine-rooms of large steamships sailing in the 
tropics. The patient becomes pallid, and there is 
nausea and vertigo and a small pulse, owing to the 
weak action of the heart.. The temperature is generally 
subnormal, and in fatal cases patients often remain 
conscious to the end. Recovery usually occurs if 
stimulants are given and the patient 1s immediately - 
brought to a cooler place. 

Sunstroke, or Thermic Fever, often occurs in the 
306 
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tropics when troops #re onthe march. It is character- 
ized by headache, dizziness and a feeling of oppression. 
There is very high fever, and vomiting and nausea 
sometimes occur. The patient quickly loses con- 
sclousness and the muscles become relaxed. The 
exciting cause 1s probably the action of the infra-red 
rays on the head in causing a disturbance of the heat- 
regulating mechanism of the body. Cold baths or 
ice-packs are the most satisfactory form of treatment. 
Loss of memory sometimes supervenes in cases which 
recover. | 

Actinic Erythema, or Sunburn.—The dhentieal rays 
of the sun act on the exposed parts of the body only, 
and in excess may cause intense redness of the un- 
protected skin, with swelling and considerable pain, 

_ and even blisters may form. Later, when the efythema 
passes off, the skin cracks and peels. A few years 
ago one of us had a very painful arm from this cause, 
following excessive exposure to the sun’s rays during 
a visit to the Grand St Bernard Monastery. Skins 
which contain very little pigment, such as those of 
blondes and, particularly, of persons with red _ hair, 
are most sensitive to the ultra-violet rays. 

Actinic erythema or sunburn is often experienced 
in mountainous regions, especially where there 1s 
much snow lying. The chemical rays are reflected 
by snow and ice, and this causes the under side of the 
nose and chin to be affected—this condition being 
known as “glacier burn.’’ Climbers always freely 
smear their faces with some protective substance, 
such as “‘ Antilux,” to avoid the occurrence of this 
painful condition. eee 
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Are Ultra-violet Rays Dangerous ?—The burning of 

the skin felt in “glacier burn” entirely clears up, 
and causes no permanent ill effects, although there. 
are some dermatologists who consider that prolonged 
exposure to bright sunlight will cause carcinoma. 
But this is extremely doubtful, and quite contrary 
to authoritative opinion. It is true that carcinoma 
may develop on the faces of some old seafaring men, 
but the effect of wind and salt water cannot be 
overlooked in such cases. Xeroderma senilis of the 
peasants is a condition in which the skin becomes 
dry, brown and withered, and seems to be associated 
with long-continued exposure to sun and air; but 
without doubt lack of cleanliness is a factor to be 

considered, as the condition is by no means universal 

among outdoor workers. 
Bernhard says: “I have never seen carcinoma ot 

the skin of the face or hands in our road makers, road 

repairers, postillions or post conductors on the Alpine 
passes, who are exposed to every inclemency of the 
weather, and in winter months to the most intense 
solar radiation, with its reflection from snow and ice, . 
which in spring gives them the appearance of bronze 
figures. I believe, on the contrary, that they are, if 
anything, more proof against carcmoma. In negroes 
carcinoma of the skin is extremely rare, and, in 
general, the frequency of carcinoma in all countries, 
however caused, is in inverse proportion to the 
intensity of light.”’ 

Recently fears have been expressed that the ~ 
continued exposure of the operator to artificially pro- 
duced ultra-violet radiation might cause conditions 
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similar to those produced by continued exposure to 
X-rays. | 

Dr Axel Reyn, head physician at the Fingen 
Institute, Copenhagen, writes, however, as follows : 

“IT read with the greatest interest Sir G. Lenthal 
Cheatle’s letter in the B.M.J. of 28th March, in 
which he states that, together with Dr Arthur 
Whitfield, he has examined skin that has been 
‘ bronzed’ by therapeutic exposure to sunlight and 
has found mitosis occurring in the epithelial cells 
situated above the basal layer, from which he seems 
to conclude that there may be some risk of inducing 
epithelioma by exposure to sunlight or artificial 
irradiation. It is true that atrophic changes are some- 
times observed in the skin of persons whose hands and 
faces are habitually exposed to strong light and air, 
and that in such cases epithelioma is sometimes seen 
to develop on the exposed parts. But up to the 
present nothing whatsoever has been brought forward 
to prove that it 1s the light particularly that produces 
these changes. From all indications the lesions are 
much more likely caused by such influences as wind 
and rain and all the various assaults to which the 
constantly uncovered and unprotected skin of these 
persons is daily exposed. Do we not see epithelioma 
of the skin develop in almost any site exposed to con- 
stant mechanical influences ? We need only think of 
cancer of the lips, chimney-sweeps’ cancer, tar cancer, 
and many others besides. 

~ That the therapeutical application of light should 
produce epithelioma is in the highest degree unlikely. 
Nothing argues more strongly against this suggestion 
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than the fact that up to this day not one single case 

of cancer of the skin has been reported as caused by 

the light bath, among the hundreds and thousands 

of persons who take either sun or artificial baths of 

this kind. I may state, furthermore, that among the 

thousands of patients who have received local photo- 

therapeutic treatment for lupus at the Finsen Institute 

we have not observed one case of lupus carcinoma 

resulting from this treatment. On the contrary, the 

percentage of lupus carcinoma shown by our records 

is the lowest existing ; a fact which must be ascribed 

exclusively to the phototherapeutic treatment, which 

cures the patients so that they do not get carcinoma, 
while, if the light were particularly provocative in 

this respect, we should, of course—on the contrary— 

see a great many cases of this complication. 

‘T see yet another proof in the conclusions arrived 

at by Dr K. A. Heiberg, the histologist at the Finsen 
Institute, as the result of microscopical examinations 

made of the skin of twenty-five patients who had been 

under treatment with carbon are light baths for a 
considerable period. Not in a single instance did Dr 
Heiberg observe any change involving risk ‘of epithe- 
lioma; on the contrary, he proved that a vigorous 

regeneration of healthy skin takes place which greatly 
assists in improving the functioning of the latter. I 

therefore urgently recommend the use of light baths, 
sunlight or artificial, in all diseases in which this 
treatment is suitable. It is a therapy which has 
already proved so rich in beneficial results that 
it should be used, also, in the future, to an ever- 

increasing extent ; and we certainly must not allow 

ee 
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ourselves to become frightened of dangers that are 
non-existent.” 

Harmful Effects of Ultra-Violet Rays on the Byes.— 
Snow blindness is another evidence of the local effect 

Glasses fitted with Crookes’ B.B. 
Glass and protected at sides. 

Patient’s Goggles. 

Goggles fitted with Arkos Glass. 

Rubber Goggles fitted with Arkos 
Glass which can readily be sterilized. 

” 

Fie. 157.—Protective Goggles. 

of the actinic rays of the sun. The conjunctiva be- 
comes very injected, marked photophobia and lachry- 
mation are present and the pain is intense. The 
damage, however, is not permanent and the condition 
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clears up in a few days. Exactly the same effect can 
be produced by direct irradiation with the sun or any 
of the ultra-violet-producing lamps. It is, therefore, 
a very wise precaution always to warn patients against 
looking at the arc with the naked eyes. 
We specially mention this because recently two 

Fie, 158.—The ‘‘ Wellsworth” Face Mask — 
in position. 

adult patients of ours did this out of curiosity ; one 
felt no ill effects until he was awakened from his 
sleep the same night with intense pain in his eyes; 
he was unable to see, and was confined to his 

house for three days before the reaction subsided. 
The other had a somewhat similar experience, and was 
attended by his own doctor’s locum, who was newly 
qualified, and could not make up his mind definitely 
whether the intense inflammation of the face was 

, | 
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due to erysipelas or whether it was a case of scarlet 
fever. 

Numerous cases. are on record where men engaged 
in arc welding have suffered from severe conjunc- 
tivitis following exposure to ultra-violet radiation. 
The symptoms usually are photophobia, excessive 

Fic. 159.—The ‘‘ Wellsworth” Face Mask 
in the inoperative position. 

lachrymation, and intense smarting of the lids, with 
contraction of the pupil. Sometimes swelling of the 
lids, with the formation of corneal ulcers, iritis and 
retinitis, may result. ie 

If this condition ever should occur after exposure 
to ultra-violet rays, ice-packs should be placed over 
the patient’s eyes three or four times a day for periods 
of fifteen to sixty minutes, and the eyes irrigated with 
a saturated solution of boric acid several times daily. 
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If pus is present, argyrol or protargol may be used. 
The patient should be confined to a darkened room, 

and if there is intense pain morphine may be 
administered. 

There are certain congenital diseases which are 
brought on by exposure to sunlight, but in all these 
cases there is a hypersensitiveness, dating from birth, 
on the part of the individual to normal sunlight. The 
most important of these conditions are : 

(a) Xeroderma pigmentosum. 
(6) Hydroa estivale. 
(c) Hutchinson’s summer prurigo. 
(a) Xeroderma pigmentosum is a very rare skin 

condition, which generally commences in infancy. 
Several cases often occur in one family. The skin on 
the exposed parts of the child’s body has a dry and 
rough appearance. An abnormal sensitivity to ultra- 
violet radiation exists and these rays appear to stimu- 

late small, warty excrescences to abnormal growth. 
Abnormally pigmented areas appear dotted over the 
skin, and there are, also, white atropic patches where 
nodules have dropped off. The keratoses rapidly in- 
crease in number, become deeply pigmented and take on 
a malinant character, becoming melanotic sarcomata. 
These cases generally succumb owing to the formation 

of metastases before adolescence is reached. 
(b) Hydroa estwale, or Summer Rash.—This con- 

dition is also most common in children, especially of a 
fair type. It 1s generally first noticed when the child 
is three or four years old. At first, twelve to twenty- 
four hours after exposure, small red papules appear 

over the uncovered parts of the skin. These gradually 
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increase in size and become vesicular, and central de- 

pressions appear on the vesicles, for which reason Bazin 
named the condition Hydroa vacciniformis. Blebs 
are sometimes formed by the coalescence of several 
vesicles. The vesicles dry up in a few days, forming 

scabs, and where these have fallen off there remain 
depressed, white scars. The condition is cured in a 
week or two if the patient is kept in semi-darknegs, or 
is otherwise protected, but it may continue for months 
if special precautions are not taken. The lesions clear 
up in winter and recur again with the advent of spring, 
but generally disappear at puberty. Very probably 
some sensitizing agent is at work, and a number of 
these cases have hematoporphyrinuria ; in fact, a 

disease having all the appearances of Hydroa cstivale 
has been produced experimentally in-rabbits by the 
injection of fluorescent colouring matter which had 
been irradiated with ultra-violet rays. The bones are 
often stained a pink colour. 

Meyer Betz injected a small quantity of hamato- 
porphyrin into himself, and developed alarming 
symptoms when he exposed himself to light, his 

face and hands becoming intensely swollen. He 
remained in this light-sensitive condition for several 

weeks. 
A similar condition, Conjunctwitis veinale, attacks 

the eyes of certain people. The conjunctiva is injected 
and small, hard nodules appear on the tarsi. As in 

Hydroa estivale, the condition 1s alleviated in winter 

and returns each spring until adolescence, when it 
spontaneously disappears. 

Protective glasses, especially if fitted with airtight 
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sides, prove effective in this affection, both in treat- 
ment and prophylaxis. 

Kclipse blindness is a condition caused by looking 
at a partial eclipse with the unprotected eyes. It can 
be very painful and troublesome. 

(c) Hutchinson’s Summer Prurigo is an irritating, 
discrete papulo-vesicular eruption which occurs in 
infancy and childhood, and affects the face, neck and 
hands. Pustulation sometimes occurs. It usually 
disappears entirely in winter, but reappears in the 
summer months. | 
In all these various diseases some sensitizing agent 

is probably present, ‘such as one of the porphyrins 
or aromatic amino-acids, and it has even been sug- 
gested that bacterial toxins might have the same 
effect. 

Pellagra, which is characterized by marked nerve 
and psychical disturbances, is a disease in which there 
18 also a skin eruption appearing only in summer and 
aifecting only the parts of the body exposed to light. 
It is thought that it is caused by the introduction 
into the body of certain photodynamic substances 
found in imperfect maize, which cause the typical 
nerve and skin lesions to develop when the body is 
exposed to ultra-violet radiation. | 

Buckwheat Disease—In domestic animals a con- 
dition known as Buckwheat disease, or fagopyrism, 
sometimes occurs, but it affects only light-coloured 
animals which have been fed on buckwheat. The 
animals fall sick when exposed to strong sunheht, 
but remain unaffected when kept indoors in badly 
lighted byres. | 
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Finsen commented on the similarity of the action of 
hight in fagopyrism and in smallpox. | | 
Symptoms which may follow Irradiation.—It in- 

somnia should occur after treatment it is almost 
always due to pruritus, associated with erythema. 
A few patients have their nervousness aggravated 
by irradiation, and headache sometimes occurs after 
exposure. In very rare cases anaphylactic symptoms — 
may be manifested. 

Occasionally tachycardia and vertigo may appear if 
ultra-violet treatment is given during menstruation. A 
feeling of tiredness, anorexia, and a rise of temperature, 
are other symptoms which sometimes, though very 
rarely, follow irradiation, and they are probably due 
to overdosage. 

Severe burns, such as sometimes unfortunately 
occur as a result of galvanic, faradic or diathermy 
treatment, are unknown with ultra-violet radiation. 

The word “ burn ”’ is not a strictly correct one to use 
when describing the. skin reaction caused by ultra- 
violet rays. The term “ actinic erythema” is much 
more appropriate. 

It, however, the red-hot mercury arc tube is touched, 
burning may occur. Quartz is so good an insulator 
that there is no danger of electric shock. 

A Case of Over-Exposure.—Great care should be 
taken to prevent patients from administering ultra- 
violet treatment to themselves. Dr MacCormac and 
Dr McCrea describe in The British Medical Journal 
of llth April 1925 an instructive case, which came ~ 
to their notice, of the very serious consequences that 
resulted from excessive exposure in a patient who 
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was taking light baths without medical advice. This 
patient was accustomed to have a daily artificial sun 
bath of ten minutes’ duration, usually taken while he 
was lying on his back in bed. One day while having 
his light bath he fell asleep, and the lamp continued 

Fic. 160.—A case of Exfoliative Dermatitis, caused by Combined Irradiation with 
Ultra-Violet and X Rays, which ended fatally. 

to play on him for an hour and ten minutes. Severe 
erythema and desquamation followed. 

Twelve days later a general erythema of the trunk 
and extremities was noted. Urticaria developed, the 
irritation of which kept the patient awake. Five 
days later he became restless and disturbed; cardiac 
extra-systoles developed, and the patient continued 
to be gravely ill for four days and then rallied. 
The skin, however, continued to be affected, desqua- 

mation went on, and a fortnight later an extensive 
purpuric eruption developed on the legs. After this 
the patient’s convalescence was uninterrupted. 

This accident happened in an extremely simple 
way, since the rays are very soothing and conducive 
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to sleep. It emphasizes the necessity that ultra-violet 
radiation shall be applied solely under the personal 
supervision of qualified medical practitioners. 

In properly supervised ultra-violet irradiation the 
ereatest harm that can result is the formation of a 
blister. Only the superficial layers of the epidermis 
are shed, and the true skin is never destroyed. 
We have recently seen a fatal case of exfoliative 

dermatitis caused by the conjoint administration of 
X-rays and ultra-violet rays. This case also demon- 
strates the great dangers associated with the unskilled 
administration of these powerful remedial agents. 

Contra-Indications to. Actinic Treatment.—From a 
consideration of the pathology of ultra-violet radiation 
it 1s obvious that the following diseases should not be 
treated by actinotherapy : 

(1) Xeroderma senilis. 

(2) Xeroderma pigmentosum. 
(3) Hydroa estivale. 
(4) Hutchinson’s summer prurigo. 
(5) Conjgunctoites vernale. 

Other conditions which should not be irradiated are : 
(6), Addison’s disease. | 
(7) Variola. 

(8) Grave heart disease where compensation has 
broken down. 

(9) Acute nephritis. 
(10) Severe cases of arterio-sclerosis. | 
(11) Cases of very acute eczema, or where bulle are 

present. 

New growths should never be locally irradiated, 
nor should ultra-violet treatment be given when the 
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temperature 1s high, when imsulin is bemg ad- 
ministered, or when sulphonal, trional or veronal 
is being taken internally. 

The Treatment should be discontinued of : 
(1) The temperature is raised after irradiation for 

more than 24 hours. 
(2) The patient is regularly losing a large amount of 

weight (except 1 in obesity cases). 
(3) The patient 1s excessively nervous after the 

first two applications, or there is Insomnia or 

increased irritability. | 
(4) The treatment is followed by severe depression 

or weakness. 
(5) In psoriasis or in lupus erythematosus an acute 

eruption develops. 
(6) Menstruation is present. (This 1s customary, 
but not essential.) 

(7) Marked pigmentation associated with weakness 
suddenly develops in a tubercular patient. 

Great care should be taken when the following cases 
are irradiated : | : 

(1): Patients who have previously had heemoptysis. 
(2) Where amyloid degeneration is present. 
(3) Patients who are also having, or have recently 

had, A-ray treatment. 
(4) Where quinine has been administered for a 

considerable time. | 
(5) Where injections of metallic salts are being 

given. 
(6) Where a mercurial dermatitis 1s present. 
(7) Where crude coal tar has been applied to the 

skin. 

PATHOLOGY — oo 
(8) Where sensitizing substances, such as eosin, 

phylloporphyrin, iodine, erythrosin, gentian 
violet, brilliant-green, or crystal violet, are 
being used. 

Whenever there is any doubt whether it is wise 
or not to give ultra-violet treatment, small doses 
should be the rule, and careful records of the pulse, 
temperature, and weight should be taken. 
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The Choice of Lamps—Mercury Vapour Lamps—Position 

of Lamps—Air-cooled Mercury Vapour Lamp—Method of 
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Use of Ultra-Violet Rays in the Operating Theatre—Dosage 

—Cosine Law—Intervals between Applications of Treat- 

ment — Duration of Treatment — Local Treatment with 

Water - cooled Mercury Vapour Lamp — Lighting the 

“ Kromayer ” Lamp—Applicators and Compressors—Dosage 

with the “ Kromayer ” Lamp—The Carbon Arc Lamp—Trim- | 

ming an Arc Lamp—Hissing—The Tungsten Arc Lamp 

—Combined Treatment—Remedies for Faults—Conjoint 

Internal Medication and Actinotherapy 

Many practitioners are greatly hampered in practising 

physiotherapy because they have not sufficient space 

at their disposal, especially if only one room is avail- 

able. This makes it difficult for them to utilize these 

new methods of treatment satisfactorily. It 1s a great 

advantage for a practitioner to have several rooms 

which he can use: for example, a waiting-room, a 

dispensary, two consulting-rooms and a small dressing- 

room, the last-named having a door into one of the 

consulting-rooms if possible. Hach room should be well 

lighted, and have a satisfactory method of heating ; 

and particular attention should be paid to the matter 

of ventilation, especially when it is proposed to use 
322, 
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open arc lamps, because pungent fumes are often 
given off when carbons cored with metallic centres 
are used. : 

It is most satisfactory to maintain the room at a 

temperature of about 70° I’. Hlectric fans may be 
used, or the windows may be widely opened, if the 
room becomes too hot when mercury vapour lamps 
are burning. | 
We find hot-water pipes and radiators fed from a 

small coke boiler most useful. They are clean and 
effective, and are not costly to work when once fitted. 
The room in which the ultra-violet apparatus is 
installed should be especially well heated, to avoid 
the possibility of patients feeling cold when they 
have to undress. Screens should be provided, so that 
patients may undress in privacy. The walls should 

be treated if possible with a light grey paint made 
from Chinese white and lamp-black, and applied with 
a matt surface. ‘This pamt has the property of not 
reflecting ultra-violet radiation. 

In a clinic, conditions are quite different, and re- 

flection from the walls may be desired, particularly 
if “ Jesionek ” lamps are being used. In this case the 

walls should be whitewashed. At the Institute of 
Actinology, Paris, some of the treatment-room walls 
are covered with aluminitum-leaf, which reflects well, 
and which also increases the photo-electric effect of 
the rays. A small, portable couch is necessary in the 
room; we find a folding camp-bed very useful. It 
should have a pillow, and either a separate length of 
white linen huckaback towelling, 6 ft. by 2 ft. 3 in., 
or a sheet of crépe paper should be provided for each 
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patient who is having general treatment, and used to 
cover the couch. The use of paper effects a consider- 
able saving in laundry costs, and good paper will serve 
a patient for several irradiations. The couch should, 
if possible, be placed near the radiator of the heating 
installation. 

The resistances of some lamps are utilized to 
provide infra-red rays; they have reflectors and are 
mounted on stands. It is often convenient to place 
the patient between the sources of ultra-violet and 
infra-red rays. : 

The windows of the treatment-rooms should be pro-. 
vided with blinds. Saidman suggests that the furniture 
should be painted black. A mirror should be provided 
for the convenience of patients when they are dressing 
after treatment. 
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A large roof- 

This illustration shows 

d conveniently for Ultra-Violet Treatment. 
room is heated by a hot-water radiator supplied from apour Lamp with Magnetic Tilting Device, suspended from 

Mm passing over two Cog-Wheel Pulleys. 

There are several accessories that we have found very ¢ 

useful. Black cotton gloves may often be worn with pee 

benefit by the actinotherapist when the “ Kromayer”’ 25 

lamp is being used. | aA 8 

Non-inflammable celluloid combs are helpful when see : 

treating scalp lesions. An adjustable head-rest, which ie 
: can be fixed to a chair, is invaluable in local treatment 

of the head. . 
Adhesive plaster, or “‘ Antilux,” can be used for 

protecting the area surrounding the lesion, and tie- 
clips are useful for fixing towels in position during 
local irradiation. A small brush is useful for cleaning 
the carbons of arc lamps. 3 
A plentiful supply of drinking water should be 

available for patients during irradiation with the 
carbon are. 

window ensures efficient ventilation, and the a small coke-fired boiler. how a small room 6 ft. by 11 ft 
Fie. 16i1.—Our * Hewittic ” Air 

the ceiling by a Counte 
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After carbon arc treatment a shower bath is 
generally necessary. | 

A spatula, nasal and aural specula and a ther- 

mometer should be available. 
Some 1:1000 solution of corrosive sublimate 1s 

necessary for sterilizing rock-crystal applicators. 
Ether and benzene are useful for cleaning local 

areas of the skin before treatment. 
It is very advantageous to have a record-card 

system, with individual cards for each patient. 
The Planning of an Ultra-Violet Clinic.—The 

number of nursing staff available is of great im- 
portance. If there are several nurses, small treatment- 

rooms may be used, so that both men and women may 
be treated during the same session ; otherwise, one 

large treatment-room is more economical. 
The following rooms are necessary: treatment- 

room, dressing-, bath-, and waiting-rooms, nurses’, 

medical officer’s and store-room; an isolation-room, 
rest-room and surgical-dressing-room are also very 
convenient. 

The size of the treatment-room naturally depends 
on the number of patients likely to be treated, but 
a convenient size is about 40 ft. by 20 it. The 
ceiling should be high, to make cross-ceiling ventila- 
tion possible by means of hopper windows. Special 
ventilators may also be fitted behind the central- 
heating radiators, to allow air to enter the room 

and be deflected upwards without causing draughts. 
It is very necessary to avoid draughts, because open 

arcs are very sensitive to air currents: to obtain 
steady burning the air must be still. 
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The floor of the treatment-room may very con- 

veniently be paved with ‘‘ Granwood ” blocks. These 
are of a patent composition, which is durable, a good 
non-conductor, warm, non-inflammable and water- 

THE SUN-RAY CLINIC 
BYKER 

NEWCASTLE-ON-TYNE 

MOTOR 
GENERATOR 
ROOM 

AND 
SWITCHGEAR 

= 

Fic. 163.—Plan of the Treatment-Room of the “ Sun-Ray ” Clinic, Neweastle- 
on-T'yne, showing the position of the various lamps 

1, 2, 3and 4, ‘‘ Westminster’ Long-Flame Ares; 5, 6, 7and 8, Special Couch 
fitted with four burners; 9, ‘‘ Hewittic” M.V. Lamp; 10, ‘‘K.B.B.” 
Lamp ; 11, ‘‘ British Hanovia” Lamp; 12 and 13, Special Q.M.V. Lamps 
with 18-in. burners ; 14, 15, 16, 17, 18, 19, ‘‘ Finsen ” 20-ampere Short- 
Flame Arc Lamps; 20, ‘‘Kromayer” Lamp. Chairs, Couches and Form 
are represented diagrammatically. 

resisting. Linoleum is not satisfactory, both because 
it is cold to the touch and because it is inflammable, 
though the latter defect could be rendered harmless 
by placing an asbestos or uralite tray under the 
lamps; concrete and terrazzo are too cold unless 
the patients wear wooden clogs; and wood flooring 
is not satisfactory. Carpets, or rugs, or cork lino, 
may be quite suitably used if precautions are taken 
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against their being set on fire: they are all comfortable 
and warm to the touch. 

The walls may be tiled for four or five feet up from 
the floor, or made of terrazzo; or the plaster, which 

should be of a specially hard variety, may simply be 
painted some sombre colour, which does not reflect the 

rays of visible light. A matt surface is preferable. 
A sufficiently large waiting-room—about 20 ft. by 

20 It.—should be provided, and there should be easy 
access from it to the medical officer’s room, as well as 
to the dressing-room and wash-room. The treatment- 
room, dressing-room and rest-room must, of course, 
be adjacent to one another and on the same floor. 

In the dressing-room a separate peg and. locker 
should be provided for each patient. The usual 
sanitary conveniences are also essential. In the 
wash-room there should be several shower-baths, 
with hot and cold water laid on, because in some 
cases a shower, both before and after treatment, is 
invaluable. A shallow teak trough, about 2 ft. 9 in. 
high, should be fitted under one of the showers, so 
that small children can. be sprayed without difficulty. 
It is economical to use paper towels; soiled towels 
may be burned in one of the boiler-house fires. 

The building should be heated by a low-pressure 
hot-water system, and it should be possible to regulate _ 
the temperature in the treatment-room. Independent 
boilers should be provided for heating the water for 
the showers, etc., and for the central-heating system. 
A small store-room for keeping towels, carbons, etc., 

is very useful. | 
The chairs used by the patients during the treatment 
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should be of unpainted, hard wood, held together 
with brass screws, no glue being used. We have 
had special chairs made for use at the “‘ Sun-Ray ” 
Clinic, Newcastle-on-Tyne ; these are illustrated on 

opposite page. 
The couches can be satisfactorily cleaned if covered 

with oilcloth. To avoid chill, a crépe-paper sheet, as 
‘ already described, may be placed on the couch. One 

or two stretchers should be available, and couches 
should be provided in the rest-room. | 
A reliable alarm system should be installed to 

give both an audible and a visible warning. This 
necessitates the installation of a separate clockwork 
timing mechanism for each lamp. The lighting of a 
red lamp placed near each ultra-violet lamp provides 
a suitable visual signal. A buzzer alarm is preferable 
as an audible signal to the ringing of a bell. The 
noise made by a number of bells would be very 
unpleasant. 

Convenient control-boards for the lamps should be 
placed on the walls at such a height that they are not 
within easy reach of the children. 

Brown-paper shades, which can be made easily and 
destroyed after use, should be provided for the pro- 
tection of the patients’ eyes. Special protective glasses 
should be worn by the staff; these should have ade- 
quate side protection and yet be ventilated to avoid 
steaming. Cloth or rubber rims are much preferable 
to metal rims. We have known a case of.acne of the 
face where burning of the eyebrows occurred when the | 
patient was wearing gogeles with metal rims during 
irradiation with a powerful carbon arc lamp. In the 

ith a ‘‘ Westminster ” Long-Flame 

(The Chairs were specially made by the North of England School Furnishing Company, Darlington. ) 

/ 

Newcastle-on-Tyne, 

inic, 

Fie. 164.—Irradiation of Children at the ‘‘Sun-Ray ” Cl 

Arc Lamp. 
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medical-dressing-room a few surgical instruments 
will be required, including probes, stylets, dressing 

Fie, 165.—The ‘‘ Venoff” Time Switch 
can switch off the current automatic- 
ally provided the D.C. amperage does 
not exceed 10 amperes, and the 
A.C. 20 amperes. 

scissors, etc., and syringes; and a plentiful supply 
of dressings is essential. | 

There should be a reliable weighing machine, as it 
TE bie > cmpacoes Sea a == 

oo ed j : 

Fic. 166.—Pfund Goggles, which 
are opaque to Ultra-Violet and 
Infra-Red Rays. 

18 very important to record the patients’ weights at 
regular intervals during treatment. | 

An efficient card-index system with medical-history 

Address 

Sex 

Occupation. Firm 

Family History 

Weight 

Ibs. 

Treatment O i) ct @ 

nol Bae 

N-LIBRARY BUREAU LTO. 

Fic. 167.—The Front of the ‘‘ History” Cards which are used at the 
‘*Sun-Ray Clinic,” Newcastle-on-Tyne. The actual size of the cards is 
44x7in. (Library Bureau Ltd.) 
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treatment are tabulated vertically, and the lamps 
horizontally. When four patients can be treated 
simultaneously from one lamp, such as the long- 
flame arc, four horizontal spaces are provided for 
the insertion of their names or numbers. Account 
is also taken of the fact that the average irradiation 
with a quartz mercury vapour lamp does not exceed — 
thirty minutes in duration, whereas the time allowed 
for treatment with the long-flame arc must be one 
hour, and with the short-flame arc two hours and a 

half. A small appointment card bearing the patient’s 
name and number is given to everyone attending 
for treatment. These cards state the exact time 
and day each patient must come, and also the date 
on which he must be examined again by the medical 
officer on duty. 

Fire extinguishers should be provided and kept 
readily available. 

The Chorce of Lamps.—lf in private practice it is 
desired to have only one lamp, a mercury vapour 
lamp will probably prove most satisfactory. If the 
lamp is required for local treatment’ a “ Kromayer”’ 
water-cooled lamp should be chosen ; if it is for general 
work, it should be an air-cooled lamp. 

- In clinics and hospitals the carbon arc lamp is most 
often used, because it allows several patients to be 
treated simultaneously. 

If direct current 1s available it should always be 
used, and pieereey at a voltage of 200 to 250 
volts. 
A comparison can be made between the carbon arc 

and mercury vapour lamps: 
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Carbon Ares 

It is simple to obtain 
a constant output, and 
similar lamps are inter- 
changeable, but the ultra- 
violet emission can be 
varied by using different 
types of cored carbon. 

A large amount of 
current is required. 

The carbons have to be 
constantly renewed ; the 
changing of the carbons 
takes time and soils the 
hands. 

The construction is 
robust. 

Fumes are given off. 

Small, red-hot particles 
are often thrown off. 

Draughts have a con- 
siderable effect. 

Great heat is developed. 

A long exposure is 
needed, and therefore 
overdosage rarely occurs. 

Several patients may be 
treated together. 

These lamps are especi- 
ally useful for general 
treatment. 

ays 

Mercury Vapour Lamps 

The emission of the 
mercury vapour lamp 
decreases with use, and 
therefore lamps are not 
interchangeable, and the 
radiation can be altered 
only by the use ‘ special 
screens. 

Only a small amount of 
current 1s required. 

Burners have to be 
replaced on an average 
only after about 800 
hours’ use. | 

The quartz burner is 
rather fragile. 

There are no fumes. 

There is no spluttering, 
and the burning is steady. | 

Draughts have no 
effect. 

Not much heat is given 
off. 7 

The exposure is short, 
and must therefore be 
nicely judged. 

Patients are most con- 
- veniently treated singly. 

Kither general or local 
treatment can be given. 
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Carbon Ares Mercury Vapour Lamps 

These lamps are most These lamps are very 
valuable in the treat- useful in the treatment 

ment of deep-seated of rickets, spasmophilia, 
tuberculosis, asthma, and and tetany. 
rheumatism, and _ for 
prophylaxis. 

Adults can best be Children can best be 
treated with these lamps. treated with these lamps. 

Tungsten Arcs are very costly to burn, because of 

the high price of the tungsten electrodes, and, being 

hand-regulated, they can never be left unattended 

while they are burning. Further, they burn unevenly, 

and cannot be used except on D.C.; but they have 
only a small current consumption. 3 

Carbon Arcs.—If the long exposure required is no 
objection, short-flame arcs can be used; but equally 

good results can be obtained with shorter exposures, 

using long-flame arcs. 

There is no particular advantage in using lamps 

with several arcs burning in series, because the ultra- 

violet emission is exactly the same as with one arc 

taking the same number of watts; and, though more 

heat is given off, the cost of carbons is naturally 

oreater. | 

Enclosed carbon arcs are often useful for treating 
children. Suitably impregnated carbons are preferred 

to plain carbons, because they give off more ultra- 

violet rays, and the time required for irradiation is 

therefore much shorter. 
The “Ajax” portable carbon arc lamp is useful for 

treating patients in their own homes, but no portable 
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lamp is so reliable in operation as the more robust 
fixed type of Jamp, which is too heavy to move about 
conveniently from place to place. 

Mercury Vapour Lamps.— Burners that lght 
automatically are generally more convenient than 
those that have to be tilted,. but, being a little 
more elaborately constructed, they have a greater 
tendency to develop faults. The “‘ Henri George ” 
burner can be used immediately after lighting. Care 
should be taken to see that the alignment of the arc 
tube is correct, since otherwise the laminated nickel 
chrome wire may overheat and eventually burn 
through. We experienced this accident with one of 
our burners and incurred considerable expense, because 
it was necessary to have the burner dismantled and 
exhausted again. The “ Henri George,” like other 
quartz mercury vapour burners, often goes out if 
localizing diaphragms, which impede ventilation and 
cooling, are used for too long a period; when this 
happens the diaphragm should be removed and the 
lamp should be allowed to cool before an attempt is 
made to relight it. Excessive vibration may also ex- 
tinguish the lamp, and we ourselves had to discontinue 
the running of a large diathermy motor convertor in 
the room where we were using a “ Henri George” 
burner. 

The ultra-violet emission from the “* Atmospheric ” 
burner is more constant than trom the evacuated - 

type, but not quite so powerful. 
The number of watts used by a burner is some index 

of its ultra-violet-ray emission. 
Most firms make burners which work at different 
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voltages (with corresponding differences in the cur- 

rents), and this should be remembered when a burner 

is being purchased. 
There are two types of portable mercury vapour - 

lamps that a doctor can conveniently use in the 

house of a patient who is unable to attend at his 

consulting-rooms. One of these is illustrated on 

page 175. 

Choice of Lamp Housing.—Several of the existing 

types of lamp-housing are unsatisfactory, because 

they are made irrespective of the fact that the arc 

tube of the mercury vapour lamp is often six inches 

or more in length, and therefore a rectangular or a 

parabolic housing is-required rather than a spherical. 

Cost of running Different Types of Lamp : 
Volts multiplied by amperes= watts. 
1000 watts=1 kilowatt. : 

1000 watts used for one hour—1 kilowatt-hour. 

1 kilowatt-hour=1 Board of Trade Unit. 

The price of the unit of electricity varies according 

to the purpose for which it is used. There are usually 

several rates of charge for current from the same 

supply. 
In. Newcastle, for instance, there are three rates: 

a lighting rate of 6d. per unit; a power rate ol 

3d. per unit; and a heating rate of 2}d. per unit. 

Current for ultra-violet lamps is supplied at the 

power rate. 
A mercury vapour lamp consuming 3 amperes at 

240 volts uses 720 watts or 0°72 kilowatts, at a cost 

of about 24d. an hour. : 

A carbon arc lamp consuming 30 amperes at 240 

Fic. 170—Our Suspension Housing, which is manufactured by Kelvin, Bottomley 
& Baird, being used for the Simultaneous Irradiation of both Nostrils. A 
cord fastened round the Patient’s neck, and attached to the Lamp at eaeh 
end by clips, maintains the Housing in position. ‘ 



ne oe 

B42 ULTRA-VIOLET RADIATION 

volts would use 7:2 units in an hour, at a cost of 

Is 92d: 
The current consumption of carbon arc lamps 1s con- 

siderable, being generally between 20 and 75 amperes, 

though some small lamps made for local use take less 

current. Carbons cost approximately 14d. per inch, 

and cored carbons usually burn away at the rate of one — 

inch an hour. A single-flame lamp, when in use, there- 

fore, costs about 3d. per hour for the two electrodes. 

Air-cooled mercury vapour lamps. for use’ with 

direct current cost from £8 to £10, whereas the 

alternating-current models cost about £14. 

The quartz mercury vapour burner can be used for 

approximately 800 hours before it needs recondition- 

ing. This costs about £3, and therefore the depreciation 

in value of a quartz mercury vapour burner 1s less 

than a penny an hour of actual use. 

Position of the Lamps.—We have found that the 

most satisfactory method of installing our lamps 1s 

to have them suspended from the ceiling and counter- 

weighted over pulleys, so that they can be raised 

or lowered easily, and may be lifted out of the way 

when notin use. This leads to a great saving of space, 

and, in addition, facilitates the cleaning of the room. 

It is an advantage if the lamp can be lowered as far 

‘as the floor, and if there is sufficient room to move 

the couch so that various parts of it can be placed 

under the lamp. This does away with the necessity 

of having a swinging arm. The lamp should also 

be placed far enough from the wall to allow it to be 

brought over the centre of the couch. 3 

We have designed a simple type of suspension 
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housing that allows the..radiation to be directed 
vertically downwards or: horizontally outwards as 
may be desired. » This housing can be used also for 
local treatment, with special applicators. We gener- 
ally find it more satisfactory, however, to use the 
lamp without diaphragms and to cover the area it 
is not desired to expose. ‘Two overhead lamps 
give. a more even distribution of the radiation than 
one. Our treatment couch, illustrated on page 190, 
is very convenient when it is desired to use two 
lamps together. The switch and resistance can be 
conveniently placed on the wall, so as to be easily 
accessible. 

A protected quick-break two-pole switch is safest, 
and also most convenient, and the fuses should be of 

the replaceable type, which consists of a porcelain 
plug or handle containing the fuse, and capable of 

beine readily withdrawn and inspected, and, if 

necessary, of having the fuse wire replaced, without 
any necessity for turning off the current at the 
main. <A supply of proper 15-ampere fuse wire is 
also desirable for 240-volt lamps, and of 20-ampere 
wire for 110-volt lamps. | 

There seems to be no particular time most suitable 
for administering ultra-violet radiation, and there is 

no danger in giving it after a heavy meal, because the 
erythema does not show itself until from four to eight 
hours after exposure. During and after irradiation 
with the quartz mercury vapour lamp the patients feel 
comfortably warm, but are not overheated, since the 

source of irradiation is relatively cold, and there is 
therefore no risk in going out of doors soon after 



The Patients are lying on a Folding Camp 

The Adjustable Screen dispenses with the need 

The Lamp Resistance, a Protected Quick-Break type of Two-Pole Switch, and the Fuses, are fixed at 

a convenient height on the Wall near the Couch. 

General Irradiation. 

Fic. 171.—Our Suspension Housing being used for 
Bed, which is placed near the hot-water radiator for warmth. for Goggles. 
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treatment. This, of course, does not apply to the 
carbon arc. ? 

Air-cooled Mercury Vapour Lamp.—To obtain good 
results it 1s necessary that the lamp should be kept 
scrupulously clean. The quartz tube, as has already 
been said, should never be touched with the fingers, 
because imprints become etched into the quartz and 
can never be removed. Cleanliness is best achieved by 
gently rubbing the lamp with an old silk handkerchief 
moistened with alcohol. If direct current is available, 
it is preferable to use it with the mercury vapour 
lamp. With alternating current a rectifier or rotary 
convertor has to be used; this does not however 
apply to the special type of burners made for use 
with alternating current by the Hanau and British 
Hanovia, “‘ Quartz Transparent,” “ Silectra,’? Ulbrich 
and Gallois companies. With both types of current, 
resistance 1s necessary to cut down the current to 

about 15 amperes. | 

Great care must be taken to ensure that the polarity 
of the electrodes of a burner always remains constant, 
otherwise the burner would be rapidly destroyed. To 
avoid this danger, plugs for use with ultra-violet lamps 
should invariably be non-reversible, one pin being 
larger than the other, or some other means be adopted 
of making it impossible to insert the plug in the wrong 
way. 

Method of lighting Lamps.—Burners unprovided 
with an automatic method of ignition must be tilted, 

when all connections are secure, by raising the 
positive end so as to cover the negative electrode 
with mercury, and must then be lowered. The 
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current is then switched on and the lamp is once 
more raised as before. As soon as the mercury 
touches the negative electrode again the arc 1s 
struck and a brilliant illumination results. The — 

burner is now lowered to its original position. At 
first the light is rather dull, but after a few minutes 
it reaches its maximum intensity. The current falls 
while the burner is heating up, and consequently the 
voltage across the lamp rises. A very small fall in 
voltage may result in a large drop in the intensity 
of the ultra-violet emission. 
By exposing strips of printing-out paper for one, 

two, three, and up to ten, minutes respectively, and 
comparing the different tints, we noticed that the 
radiation from the ‘ Hewittic”? lamp attains its 
maximum intensity five minutes after lighting, and 
remains constant thereafter. The lamp should there- 
fore be allowed to burn for five minutes before 
treatment is begun. On exposing a strip of printing- 
out paper of the same length as the burner, parallel 
with it and directly below it at a distance of about 
three inches, we found that the greatest amount. of 
‘ultra-violet rays was given off from the centre. 
It has already been said that it 1s unnecessary 

to tilt the “ K.B.B.” quartz mercury vapour lamp to 
start it. Like the “‘ Hewittic’’ lamp, five minutes 

elapse before the constant maximum irradiation 

is obtained, but the “‘ George’ and high-frequency 
burners are ready for use in a few seconds. 

Tt is undesirable ever to alter the lamp housing, since 

the adjustment of the temperature of the mercury in 

the lamp is critical, and the housings provided have 
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been specially designed to keep the temperature of 
the mercury below boiling-point. 

It has been shown that external cooling plays an 
important part in the character of the arc, and this 
fact explains why mercury vapour lamps fitted with 
unsuitable housings sometimes become overheated and 
20 out. When overheating occurs, the resistance of 
the mercury vapour column is greatly increased, and a 
higher voltage is needed to maintain the arc ; if this 
is not available the lamp is extinguished, and will not 
start again until itis cooler. A similar effect occurs 
with the carbon arc lamp when the arc has become too 
long. A relatively large amount of current is needed 
to ignite the mercury vapour lamp when it is cold; 
and the low vapour pressure 1 in the tube requires aril 
a low voltage. 

The vapour pressure and the volts rise with rise 
of temperature, but the amount of current pass: 
ing decreases. A uniform intensity of radiation is 
obtained when the vapour pressure remains constant, 
and the electrical expenditure balances the heat 
radiation from the burner; but the ventilation of 
the burner and the temperature of the room both 
affect the radiation. 

“ Violet” and Ultra-Violet Rays.—At present there 
is great confusion in the public mind between the two 
terms “violet rays’ and “ultra-violet rays,” and 
they are continually being confounded. “‘ Violet rays”’ 
is the popular name given to the vacuum electrode 
discharge from small monopolar high-frequency sets 

29 

often used by hairdressers and “ beauty specialists.” 
Hiven when used in this sense the expression is an 
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untortunate one, because the colour of a vacuum tube 
when carrying current depends entirely on its degree 
of exhaustion, and it must never be forgotten that 
ultra-violet rays are themselves invisible, and that, 
moreover, glass absorbs all of them that are of 
importance therapeutically. 

Adminstration of Treatment.—Many patients are 
apprehensive at the thought of undergoing any new 
form of treatment, especially if they think it is to be 
electrical treatment, because this often means only 
one thing to them—namely, the small faradic coil. 
It is always advisable, therefore, to stay with a 
patient during the first application, and with nervous 
people during each treatment. It is a good thing to 
tell the patients that all they will feel during the 
treatment is a sensation of warmth accompanied by 
slight tingling, and a feeling of freshness very similar 
to the effect of sunshine, except that the heat is less. 

Before commencing treatment it is always wise to 
ask patients if they are unduly sensitive to sunshine, 
and also to test the urine for albumin, sugar, or 
hematoporphyrin. 

Saidman finds that rheumatic and arthritic patients 
are usually most sensitive to skin sensations. 
A clock with a loud alarm is a great boon, since it 

allows other duties to be attended to while the patient 
is being irradiated. Clocks can be obtained capable 
of being set for any leneth of time between fifteen 
seconds and an hour. We have found the wall type 
the most reliable. 

More robustly made time-switches can also be 
obtained, which will automatically switch off the 

TECHNIQUE 

Children being irradiated with the ‘‘ Westminster’? Long-Flame Carbon Arc Lamp at a London 

Hospital. 
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current at the end of the required period, and at the 
same time, if specially desired, will ring an alarm 
bell. 

These devices are the means of saving a oreat deal 
of time, but extreme care must be ae eae to see that 
the alarm is properly set and free to ring at the 
desired time, otherwise overdosage may result. The 
alarm clock is not, of course, absolutely necessary, 

Fic. 173.—Exposure Meter with 

Alarm Bell. (Wall Type.) 

but we find that it obviates the constant looking at 
a watch that would otherwise be unavoidable. 

It is advisable to warn patients, or mothers whose 
children are having treatment, that the skin will 
assume a purplish colour in the light, and that the 
mucous membranes will appear black, because the 
light of the mercury vapour lamp is deficient in 
red rays. 

Every patient should be warned of the probable 
appearance of erythema. in a few hours, and should be 
told of simple remedial measures, such as applying 
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olive oil, lanoline, or calamine lotion, if the reaction is 
sufficiently intense to cause discomfort and tenderness. 
It should be made clear, however, that it is much better 
not to apply anything unless it is absolutely necessary, 
because this tends to prevent the penetration of the 
radiation at subsequent exposures. It is not advisable 
to bathe the irradiated part for about twenty-four 
hours after exposure. 

It is of great importance that both the patient and 
the operator should have their eyes adequately pro- 
tected, since even a few seconds’ direct exposure will 
cause severe conjunctivitis, which, although it may 
pass off after a few uly is extremely painful while 
it lasts. 

Patients should be particularly warned never to 
look at the lighted lamp while they are undressing 
preparatory to treatment. 

Crookes’s or some similar glasses should notetably | 
always be worn. The patient’s face may be covered, 
as an alternative, with an oblong piece of cardboard, 
having elastic or tapes fastened to its two upper 
angles, or an opaque fan or similar object may be 
held by the patient over the face; but glasses are 
generally used. It has already been stated that the 
operator's goggles should be provided. with efficient 
side-ventilation to avoid steaming, which soon results 
if this precaution is neglected. Glasses used for 
electric arc welding are suitable, and can easily be 
obtained. 

If the air-cooled lamp is being used in local appli- 
cations, the normal skin surrounding the lesion and 
other exposed parts must be protected. This protection 
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of the surrounding parts may be effected by smear- 
ing over them some absorbent ointment. There are 
several preparations: “ Antilux,’ which contains 
two per cent. of Beta-naphthol in a lanoline base ; 
an ointment made with esculin, a glucoside found in 
the bark of the chestnut-tree ; an ointment made of 
paraffin molle, lanoline, and finely powdered wood- 
charcoal; a pomade containing collargol; or paraffin 

Fic. 174.—The ‘‘ Wellsworth” Hardy Goggles, which can 
be fitted with Saniweld, Noviweld or Pfund Lenses. The 

frame is made of Condensite, which is a non-conductor of 

.heat and electricity, and ventilation is arranged so that 
no side-light can reach the eye. 

molle and tannic acid. Or, again, the skin may be 

painted with some dark pigment mixed with soft soap, 
which can be washed off easily after treatment. 

Black or red paper, cardboard, adhesive plaster, or 

thin lead-foil, which 1s very malleable, and can easily 

be obtained from any tea-dealer whose tea-chests are 
lined with this material, may be used. 
We have found it convenient to outline the area to 

be irradiatied rather strongly with a skin pencil, and 
to stick a piece of adhesive plaster firmly over the 
whole area. If the plaster is removed, then the outline 
will be found to be imprinted on the adhesive side of 
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the plaster, and it is quite easy to cut out this out- 
lined area accurately with a pair of scissors. The blue 
skin-marking can afterwards be readily removed with 
a little oil of sesame. 

It must be remembered in this connection that 
clothing materials that are partly transparent to 
ordinary light are also penetrable by ultra-violet 
rays. ‘his is of importance when children or women 
are being treated, since exposure of surfaces not 
intended to be irradiated might easily result in the 
occurrence of erythema in undesired places. The 
hoods of most lamps are, however, provided with 
diaphragms that allow the rays to be localized. 

During treatment, women generally use loin slips; 
these can easily be made. Care should be taken to 
ensure that the same area of skin is always covered. 
Some “ Antilux”’ or vaseline should be applied to the 
nipples before irradiation. 

To avoid the discomfort of recurring erythema and 
consequent desquamation, if the operator’s skin be 
at all sensitive, it is wise to wear a hood and gloves 
to protect the exposed parts. The hood can con- 
veniently be made of some thin material and have 
apertures for the eyes, which should be covered by 
protective goggles. 

Before irradiation the skin should be thoroughly 
cleaned, and all greasy matter or powder must be 
removed. Scales and crusts must also be dislodged, 
and if the application is to the scalp the hair must 
be kept as short as possible, since each hair-may cast 
a shadow over the affected part. It must always be 
remembered that practically all substances have great 

Z 
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power of absorbing ultra-violet rays, and particularly: 

the short, bactericidal rays. 

In deep-seated skin lesions, and especially in cases 

of lupus, where the maximum amount of rays 1s re- 

quired to penetrate the tissues, it is advisable to use 

a quartz compressor to make the part anemic, and thus 

prevent the absorption of the rays by the blood. 

Fie. 175.—Protective Face Mask made 

of thin tissue paper. 

During winter it is sometimes desirable to apply 

a hot-water bottle, or, better still, an electric heating 

pad, to the patient’s feet. 
It is advantageous not to relight the lamp for each 

new patient. It is much better to allow it to burn 

continuously, so that it is available for immediate 

use. Incidentally, damage is most likely to be done 

to a lamp by repeated relighting at short intervals. 

On the other hand, lamps should not be left burning 
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Newcastle-on-Tyne. 

Fic. 176.—‘‘ Westminster ” Long-Flame Arc Lamp used for the Irradiation of Small Children at the “ Sun-Ray” Clinic, 
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unnecessarily, since the burners have a definitely 

restricted life. 
For general treatment, it is best to expose a com- 

paratively small area at the first application, but 

afterwards to irradiate as large an area of the body 

as possible—the whole of the back and the whole of 

the front on the same day—since there is no doubt 

that the effect obtained in most cases is increased by 

exposing the maximum skin area to the irradiation. 

Recently it has been suggested that better results 

follow the production of erythema on an area roughly 

equal to a quarter of the surface of the body. Another 

quarter 1s irradiated at the next application, and so on. 

Sequeira however states that some of his cases have 

been treated in this piecemeal way and he has been 

so disappointed with the clinical results that he has 

been forced, by the opinion of the workers in his 

department, to put the patients on to more general 

and larger exposures. The results in limited exposures 

are not, in his opinion, worth the trouble taken, and 

not as good as those from general-bath exposures. — 

Another method of general irradiation frequently 

used is one in which the first exposure is given to 

the feet, the second to the feet and calves, the third 

to the feet, calves, and thighs, and so on, the longest 

exposures always being given to the parts that have 

been exposed oftenest, until the whole body is exposed. 

The term “fractional irradiation ”’ is applied to this 

method. | ; | oe 

It is thought by some authorities that irradiation 

of the extremities leads to decongestion of the viscera, 

and similarly that irradiation of the trunk leads to 

TECHNIQUE 357 

congestion ; and therefore in such cases as phthisis, 
where visceral congestion is contra-indicated, the 
extremities only are exposed to the rays. 

When giving general treatment it is usually wise to 
cover the back of the patient’s head with a light towel 
when he is lying prone, especially if he suffers from 
headaches. 3 

The ozone generated by the mercury vapour lamp 
can be used for inhalation ; large amounts are formed 

particularly when the lamp has just been lighted. 
When desired, the ozone should be inhaled for about 

a quarter of an hour at a distance of about twenty- 
four inches from the lamp. 
A special attachment is available for fitting to 

“British Hanovia” lamps, to enable the inhalation 
treatment to be carried out conveniently. 

Irradiation of Children.—The first application of the 
rays to a child should be given when it is in its mother’s 
arms, so that its confidence may be gained, and there 

may be no difficulty in getting it to lie on the couch 
afterwards. Small infants can easily be irradiated 

on the mother’s knee. Great care must be taken to 
shield their eyes and to prevent them from taking off 
the protective glasses. : 
We have designed a simple but quite invaluable 

appliance, which consists of a weighted stand with 
an adjustable screen of three-ply wood. In general 
treatment it entirely obviates the necessity of wearing 
goggles, and it also prevents erythema or pigmenta- 
tion from changing the normal appearance of the 
face. | 

Recently we have designed a special circular couch 



Fic. 177.—A type of Treatment Couch used by us some time ago, but now 

replaced by the type illustrated in Fig. 107. The photograph illustrates 

the simultaneous use of two Mercury Vapour Lamps and a Multiple Carbon 

Arc Lamp. The Mercury Vapour Lamps are suspended by hooks from a 

ladder chain, which allows them to be lowered when required... The chains 

are attached to wooden rollers, which can move along the horizontal wooden 

rail. Our Screen is seen in use instead of goggles. The disadvantage of this 

type of couch is that it is difficult to use for local treatment. - 

TECHNIQUE 359 

for use in infants’ hospitals and welfare centres, to 
allow the simultaneous irradiation of six small chil- 
dren, The children lie on their backs on the couch, 

with their feet pointirg to the centre and their heads 
outwards. A cylindrical curtain suspended over the 
couch screens the infants’ faces from the rays, and 
allows their mothers to look after them conveniently 
during treatment. The top of the couch is divided 
into six segments, and the inner part of each segment 
is formed of netting. Two lamps are suspended above 
and two below the level of the couch. These lamps 
are slowly rotated by means of a small motor, thus 
ensuring even distribution of the radiation. The 
lamps can be automatically screened when desired, so 
that it is possible to arrange the children in position 
on the couch without having to switch the lamps 
off. The distance between the lamps and the couch 
can be varied between three feet and one foot. 

The simultaneous irradiation of the front and back 
of the patient’s body halves the time needed for 
treatment. | 

In hospitals, where a large number of children have 
to be irradiated daily, it is a great convenience to have 
several lamps installed in one room, with reflectors 
arranged to direct the rays into the centre of the room. 
Children of a similar height are treated together, and 
the lamps are adjusted so that the rays are directed 
towards the centres of their bodies. | 

Concentric circles of measured radii are permanently 
marked on the floor, and the lamps are placed on the 
outermost of these. During treatment the children 
walk round on a definite circle corresponding to the 
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dose required at that application, and thus the whole 
body is irradiated at once. 

The walls of the treatment-room should be white- 

Fic. 178.—Diagram showing the correct position for 
the Irradiation of a Sitting Patient with the Short- 

Flame Carbon Are. 

washed so as to get as much reflection of the ultra- 
violet rays as possible. | 

The Position of the Patient during General Treatment. 
—The patient may stand, or sit, or lie down, for treat- 
‘ment; but if the exposure is to be a long one the 
standing position will naturally not be satisfactory. 
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When a carbon arc lamp is used, patients generally 
sit on chairs with seats about seventeen inches from 
the ground; they sit as close together as possible, 
and as near the lamps as the heat allows, but it is 

Fic. 179.—General Treatment at the Finsen Institute, Copenhagen, for Sitting 
Patients, with two 75-ampere Carbon Arcs in parallel. 

| generally impossible to make the distance between 
| the positive crater and the middle of the patient’s 
| back less than eighteen inches. The whole body is 
| exposed to the rays, and the greatest intensity of 

radiation is allowed to fall on the trunk, which 

presents the largest surface area. The most intense 
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radiation is given off from the positive crater of the 
short-flame arc at an angle of about forty-five degrees 
to the axis of the negative carbon, and these rays 

TECHNIQUE 363 
that two lying patients can receive treatment at the 
same time. 

The amount of heat given off by these lamps 1s 
not great, and it is therefore possible to use them 
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Lying Patient with three Short-Flame Carbon Arc Lamps mounted in. 
series. : 

margin. Six to eight patients can be treated at one 
time with two 75-ampere lamps. 

The middle patient on each side receives the 
oreatest intensity of radiation, and it is therefore 
customary for them to change places from time to 
time. During treatment, the back, sides, and front 
of the body are all exposed in turn. | 

Couches should be provided for those patients who 
are unable to sit comfortably, and in this case it 1s 
customary to use three 20-ampere arc lamps in series 
arranged in a straight line between two couches, so 

Fic. 181.—Patients at the Finsen Institute, Copenhagen, receiving General 
Treatment with the 20-ampere Carbon Arc Lamps. 

comparatively close to the patients, who lie first on 
their backs and then prone. 

In the long-flame arc the greatest ultra-violet 
emission takes place from the flame itself, and there- 
fore when a sitting patient 1s being treated with this 
type of lamp the arc should be at the same level 
as the patient’s trunk. A recumbent patient should 
lie on his side during treatment with this lamp, first 
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facing the lamp and later with his back to it, the are 

being just above the level of the couch top. 
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Fic. 182.—Irradiation of the Front of the Body with 
the Long-Flame Carbon Arc. 

With the mercury vapour lamp it is quite true 
that it would ensure even distribution of radiation 1f 
the patient, during the first six applications, assumed a 
curved position approximating to part of the circum- 
ference of a circle with a radius of three feet; but 

later, when the distance between the patient and the 
burner had been decreased to one foot, the assumption 
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of the hypothetical curved position required would 
naturally be quite impossible. | 

Fic. 183.—Irradiation of a Sitting Patient’s Back with 
the Long-Flame Carbon Arc Lamp. 

The satisfactory solution is undoubtedly the utiliza- 
tion of two mercury vapour lamps simultaneously 

for each patient. We prefer to have the patients 
lying on couches, with the lamps suspended above 
them, their arc tubes being parallel to the patients, 
who le first in the supine and then in the prone 
position. 
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Taylor and Griffith found that when the radiation 
of a particular lamp was measured by means of a 
cadmium photo-electric cell. on a level with and 
exactly opposite the centre of the arc tube of the 
lamp the intensity was 21 units; but when the cell 

Fic. 184.—The correct position for a Lying Patient to assume during 
Irradiation with the Long-Flame Arc. 

was placed at exactly the same distance directly 
underneath the lamp the intensity was 32 units. 

It 1s extremely rare for a quartz burner to burst 
while it is in use, and even if it did, all that would 
result would probably be some slight burns caused 
by hot pieces of quartz falling on the skin. 
We have known fracture to occur on six different 

occasions with one particular type of burner, which is 
now no longer made; but in each case the breakage 
occurred at identically the same spot on the burner, Fic. 185.—Simultaneous Irradiation of the Front and Back of the Body with 

two “* Hospital Type” Saidman Carbon Arc Lamps. 
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and always took place in the five minutes immediately 

following the lighting of the burner, and therefore before 

the lamp was being used for treatment. Incidentally, 

we have proved to our own satisfaction that boiling 

mercury poured on the skin rolls off without causing 

a burn, and therefore no burning will come from the 

mercury unless the couch on which the patient is lying 

gags and causes it to remain in contact with the skin, 

If a burner should break, the windows of the 

treatment-room should be opened immediately, 

because mercury vapour is very poisonous. 

If the “‘ Jesionek”’ type of lamp is used the patient 

can lie on his side, first facing the lamp and then with 

his back to 1t. 
Some enclosed carbon arcs with inclined carbons 

can be suspended directly above the patient. 

In the ‘‘ Arnold ” lamp the effective rays are given 

off obliquely in exactly the same way as in the short- 

flame arc. This, we know, is contrary to what is fre- 

quently stated; but it was proved to our satisfaction. 

when we noted the level at which erythema, and later 

pigmentation, occurred on the back of a patient who 

was treated in the upright position. 

Treatment may be applied simultaneously to both 

sides of the body by means of two carbon or “‘Jesionek” 

lamps, the patient either lying on his side on a couch 

or sitting on a small stool with his face towards one 

lamp and his back towards the other. This enables 

treatment to be given in half the usual time. 

For Local Treatment it is generally easy to arrange 

the patient in a convenient position ; a head-rest and 

sandbags are very usetul, 
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| The lithotomy position is very convenient for 
irradiating the vaginal and pubic regions, and either 
this or the knee-elbow position may be used for anal 
affections. We have found the greatest difficulty in 
treating eczema affecting the inter-natal area, and 
have had a small instrument made to secure 
mechanical separation of the cheeks of the buttocks. 

In treating scalp conditions the back of the neck 
and ears of the patient must be carefully protected by 
a towel held in position with clips. | 

In all local treatment the areas surrounding the 
part to be treated must be adequately protected. 

The Use of Ultra- Violet Rays in the Operating Theatre. 
—The authors recently saw at the Hospital Necker 
(Paris) a special ultra-violet lamp, suspended over 
the operating-table, which Professor Leguen and Dr 
Saidman have been using during the performance of 
operations. The rays fall directly on the wound, and 
have been found to bea help rather than a hindrance 
to the surgeon during the time of exposure, because of 
the good illumination they give. 3 

Dosage.—Dosage is dependent on so many different 
factors that it is very difficult to formulate definite 
rules for the length of exposure. When radiation 
falls on the body : 

(a) Some may pass through ; for example, red rays 
can pass through the fingers or cheeks. 

(6) Some is absorbed and (1) is converted into heat 
(a radiant-heat bath can raise the body tem- 
perature), or (2) produces luminescence, which 
takes place in all animal tissue. 

(c) Some is reflected. 
Ue 
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NEE ve ee” 

Fic. 186.—Protective Goggles with Removable Glasses easily 
sterilized by boiling. 
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This can readily be proved by projecting ultra- 
violet radiation on the skin after filtering it through 
an oxide-of-nickel filter, and then holding a fluores- 
cent screen in a position facing the skin and with its 
back to the filter. The screen will fluoresce brightly. 

The radiation from the lamp depends upon : 
(a) The primary source of illumination. 

(6) The different media through which the rays 
have to pass. 

(c) Whether a special filter 1s being used. 
Lamps operating at from 240 to 480 volts are 

much more powerful than those designed for 110 
volts. One type of “‘ George’’ burner is seven. times 
as powerful as another. The intensity of the radia- 
tion also depends on the age of the burner. A new 
burner is more brilliant than one that has been in use 
for some time. The reason for this has been explained 
in Chapter V. The number of lamps employed is also 
of consequence, because naturally two lamps give off 
twice as much radiation as one. | | 

Another important factor in dosage is the sensitive- 
ness of the patient. No two patients are alike. One 
would have a severe reaction with an exposure that 

causes only the slightest reddening in another person. 
Generally speaking, dark types can stand a longer 
dosage than fair, and the reddish type is the most 
sensitive. 
Women are as a rule more sensitive than men, and 

sensitiveness decreases as age increases. The parts 
of the body ordinarily exposed to light—the face 
and, particularly, the hands—are much less sensitive 

than the regions covered by clothing. 
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TABLE SHOWING THE RELATIVE SENSITIVITY OF 

DIFFERENT Parts oF THE Bopy 
_ Relative 

ae Sensitivity 

Chest. ; L. 

Abdomen 5; i 

Back : 1 

Groin 1 

Anterior arm . ie 

Posterior arm 13 

Posterior leg 13 
Anterior leg 2 

Dorsum of hands 75 

Palms of hands 15 

Soles of feet 25 

Another important point is whether the epidermis 

is thick or thin, and whether it perspires easily or not. 

Thin, dry, pale skin reacts more readily than fat, 

moist, pigmented skin. 

Children seem to respond more readily to ultra- 

violet radiation than adults, and this 1s probably 

partly because the horny layer of the skin is not so 

thick as it is in the case of adults. It is, however, a 

curious fact that erythema is not so readily produced 

in an infant as in children above the age of four, and 

in adults. Special care is therefore necessary when 

small children are being irradiated, because then 

the absence or the appearance of erythema is not a 

reliable guide, and, naturally, infants are unable to 

describe any symptoms they may experience. 

This phenomenon has been attributed to the im- 

perfect development of the sume nervous system in 

very young children. 
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In practice we have generally found that an initial 
dose of two minutes and a half at a distance of 
thirty-six inches is safe, whether the patient is a 
child or an adult. 

The strength of a lamp can be standardized either 
by its power to darken photographic paper in com- 
parison with a standard shade, or by its power of 
bleaching a solution of acetone methylene blue. In 
the latter method a little of the solution is placed in a 

‘Fie. 187.—Diagram illustrating the Law of Inverse Squares. 

small quartz tube and exposed to the rays from the 
lamp at a definite distance for a definite length of 
time. The shade of the solution is then matched with 
a series of eight solutions of successively paler shades 
contained in small glass tubes, and the number of 
tubes between the original shade and the faded shade 
is noted. In practice elaborate tests are unnecessary. 

The intensity of ultra-violet radiation varies with 
distance in the same way as ordinary light—.e. the 
intensity varies inversely as the square of the distance 
from the lamp. ‘Thus, if the radiation falling on a 
given area at a distance of one foot trom the source 
is taken. to be unity, the amount falling on an equal 
area at a distance of two feet will be only a quarter, 
at three feet a ninth, at four feet a sixteenth, and so 
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on. This shows the imperative necessity of always | 

carefully measuring the distance of the patient from 

the burner of the lamp. Some lamps are conveniently 

provided with a fixed steel-spring tape-measure, but 

S min. 
4 min. 

Fig. 188.—Photograph showing varying degrees of Erythema 

produced by Graduated Exposure of different areas on the 

forearms to Ultra-Violet Rays. 

an ordinary tape-measure or a wooden yard- stick 

does almost as well. 
A new burner is exceptionally powerful for the first 

twenty-four hours of use, and great care should there- 

fore be taken in treating with it during this period. 

The cases of over-exposure that sometimes occur 

are generally due not to the actual length of the 
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exposure in seconds but to failure to measure the 
distance of the patient from the lamp. This measure- 
ment should invariably be made before commencing 
treatment. Especial care should be taken in the first 
treatment, in case the patient should be one of those 
susceptible people who have an idiosyncrasy to ultiras- 
violet radiation. 
Tf over-exposure shonld occur, smaller subsequent 

doses should be given. Olive oil, vaseline, or zinc-oxide 
ointment, may be applied, and blisters may be treated 
with a ‘5 per cent. solution of resorcin. 

One point that deserves notice in regard to the 
length of exposure is that if for any reason a patient 
has missed treatment for a period of ten days it is 
safest to recommence with half the last exposure ; 
if, however, three weeks or more have elapsed it 1s as 
well to begin again with the initial dosage. 

The sensitiveness of the patient may be judged 
by covering the forearm with a piece of material in 
which there are several holes that can be covered after 
exposure. The first hole is exposed for one minute 
at a definite distance (thirty-six inches for an air- 
cooled lamp), the second for two minutes, and so on, 
up to five minutes. The following day the degree 
of erythema is noticed, and therapeutic exposures are 
given accordingly. | 
A Test-Dosage Armlet 1s useful and convenient for 

making these tests. 
Saidman has invented an automatic “‘ sensito- 

metric ’’ test. The apparatus consists of a flat 
aluminium plate, about 7 in. square, with eighteen 
different-shaped holes punched in it. Numbers are 
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also stencilled in the plate, which supports a 
clockwork mechanism. A small movable screen 
automatically covers the different apertures in rota- 
tion, the first after one minute, the second after two, 

and so on up to the last, which 1s covered when a_- 
period of eighteen minutes has elapsed. 

Some filter paper soaked in a colourless solution of 
paraphenylenediamine is exposed to the rays from 
the ultra-violet lamp, and the distance is determined 
at which the filter paper is darkened to a standard 
tint in ten minutes. 

The “‘ sensitometer ’’ is now firmly applied to the 
bare skin of the patient, usually in the region of the 
loin, and the patient 1s irradiated at the predetermined 
distance from the lamp for eighteen minutes, the 

2 

- surrounding skin being carefully covered. The next 
day the patient’s reaction can be quickly seen, since 

- the outline of some of the numbers will be stencilled 
on the skin. The production of a faint erythema in — 
five minutes is taken as normal. If erythema occurs, 
say, after one minute, then only one-fifth of the normal 
dose should be given; if only after ten minutes, twice 
the normal dose; and so on. It is of course necessary 
to vary this dosage in treating different diseases, some - 
conditions requiring a mild reaction and others a 
strong one. 

The erythema varies, and may be classed in four 
degrees of severity ; the doses mentioned refer only 
to an average air-cooled mercury vapour lamp : 

(1) A very slight degree of reddening, not followed 
by desquamation of the skin, obtained on 
an average alter one or two minutes at 
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36 in. from the lamp, Increasing one minute 
daily. 

(2) Shightly more reaction, accompanied by mild 
irritation, and followed by fine desquama- 
tion, obtained after two and a half to three 

minutes at 36 in., and increasing as shown 
on the scale. 

(3) A more severe reaction, accompanied by itching 
and burning, and later by free peeling of 
the skin, obtained after five minutes at 
18 to 20 in. 

(4) A destructive reaction, in which there is swelling 
and blister formation, obtained after seven or 

eight minutes at 12 to 18 in. 
These dosages are average and must be modified 

as previously explained. It is obviously important to 
consider whether stimulation or irritation of the part 
treated 1s desired. 

Degrees (1) and (2) are used in cases where general 
irradiation is required for constitutional conditions. 
A first-degree reaction 1s aimed at in such conditions 
as rickets, tetany, debility, and pulmonary tuber- 
culosis, and a second-degree in extra-pulmonary 
tuberculosis, rheumatism, and asthma. The length 
of exposure may be gradually increased during 
the whole course of treatment as the skin pigments, 
even to half-an-hour back and front, or longer, care 
being taken that the increase is gradual. Degrees 
(3) and (4) are used for local conditions, such as lupus 
and nevus, where destruction of abnormal tissue is 

desired. 
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SUGGESTED DOSAGE-SCALE FOR USE WITH AN AVERAGE 

ArR-COOLED Mercury Vapour: Lamp (220-240. 
VOLTS) FOR GENERAL ULtTRA- VIOLET IRRADIATION 

We Duration of Distance from Relative 

Ist 2. min. 36 in. 1 
2nd Sh 3G. | 1-4 

ard D oe) 36 29 2 

4th 63 ” | 36 My 2-6 

5th Bsc ares a6, a2 

6th LO ves a6 ,, | 4. 

7th RD eons 30%; | 5:76 

Sth RO cer, 24 ,, 9 

9th LORS aS ad ite ae 16 

10th LO es | ae |. 36 

For a first-degree reaction slightly smaller doses 
should be given, and for a second-degree slightly 
larger. 

The makers of the ‘“‘ Henri George’ burner suggest 

the following dosage-scale : 

| 110 volts 220 volts 

Ist application 4 mun. 2% min. | len cnak cider or 
2nd y, G25; 4. »» | the body at a 
8rd pare Sos 6 a distance of 3 ft. 

Never exceed AD. +. 30 .. from the burner 7 
/ 

Augment the dose by two minutes at each appli- 
cation. | 

At a first glance this dosage seems stronger than 
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ours given on page 378, but this is not actually so, 

because the final dose is only twelve times as power- 

ful as the initial one, whereas on our dosage-scale 1b 

is thirty-six times as strong, which incidentally saves 

a oreat deal of valuable time. The great intensity of 

radiation from the 220-volt burner must, however, 

be remembered. 
Our experience with a 220-volt ‘‘ Henri George ’ 

burner is that this suggested dosage is rather strong, 

and that an initial dose of one minute, very gradually 

increased, is ample. : 

The skin is more susceptible than mucous suriaces 

to ultra-violet radiation. 
Cosine Law.—lt has already been mentioned that 

there is a considerable amount of reflection of both 

visible and ultra-violet rays from the surface of the 

skin, and the patient should be placed, whenever 

possible, so that the rays from the lamp strike the 

part being irradiated at right angles, because the 

amount of reflection increases if the incident angle 1s 

less than a right angle. The law governing this loss 
of intensity is known as the “ Cosine Law,” and in 

accordance with it the period of exposure must be 

proportioned in a definite relation to the size of the 

angle of incidence. An unequal effect is produced 

by radiation of convex surfaces such as the shoulder, 

the action of the rays, as has already been indicated, 

being strongest where they strike the surface at right 

angles. When a large area is being irradiated an 

attempt should always be made to cause an equal 

distribution of effect, and the simultaneous use of 

two lamps is advantageous in this respect. 

b) 
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MINUTES 

EXPOSURE 

WYO sore a0 

94--Ab--19- 
9 --45--/8- 

65 — 44-17. 
Ee Dea 
7.94.18. 
7. 53__/4. 

6b. 3__/3. 

Fic. 189.—Chart showing Dosage required for Irradiation at Different 

Angles of Incidence. 

Hzample.—Assuming that the lamp is to be used at an angle of 45° to 
the patient, follow down the 45° line until the point A is reached, 

_ corresponding to the exposure at 90°, and then follow round the curved 
line to the point B, and read the figures there—viz., approximately, 7, 
34, and 14 minutes. This means that, assuming the exposure to be 
24 minutes when the lamp is directly over the patient (or at 90°), the 
time required to produce a similar effect at 45° would be just over 
3 minutes, and similarly an exposure of 10 minutes at 90° would imply 
one of 144 minutes at 45°, the point B being away from 14 by about 
an eighth of the distance between the figures 14 and 15 on the scale. 
In the same way the proportionate exposure required at any angle 

can be found on this chart. 
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Intervals between Applications of Treatment.—First- 
degree erythema doses can, if desired, be given every 
day ; second-degree doses are usually applied either 
every other day or twice a week. Some cases do well 
with weekly doses, particularly chronic cases, such as 

hyperpiesis. 
In general treatment it should be a rule never to 

apply radiation when the reaction from the previous 
treatment is still present. 

After twelve to twenty applications some actino- 
therapists prefer to make a rest interval of three to 
four weeks, but this is quite contrary to the opinion 
of the Finsen Institute authorities, as well as to 

that of Rollier in regard to exposure to the sun— 
and, after all, these experts have had unsurpassed 
experience of actinotherapy and heliotherapy. No 
unanimous decision, however, has yet been reached on 

this important point. 
Duration of Treatment.—When the rays are applied 

for their tonic effect twelve applications will some- 
times suffice. In other conditions the nature and 
severity of the disease are important factors in deter- 
mining the total period of treatment. 

In rickets at least twenty-four applications should 
be given, and in cases of sterility thirty-six applica- 
tions. Treatment is generally prolonged in cases of 

surgical tuberculosis. 
Treatment with “Gallois” Quartz High-Frequency 

Electrodes.—These electrodes are very convenient when 
it is desired to apply ultra-violet radiation and high- 
frequency current simultaneously. They are very 
suitable for the application of internal treatment to 

2 
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the several body cavities, such as the nose, ear, and 

throat, and the urethra, vagina, and rectum. 

Before the electrodes are used, any grease on the 

outside of them should be removed with a littl
e ether, 

chloroform, or alcohol, and then the mercury in their 

‘nterior should be shaken down to the terminal end, 

just as the mercury ‘s shaken down in a clinical 

thermometer. They can be sterilized by passing them 

through a Bunsen flame. Brown stains sometimes 

appear on the ‘nside of the quartz after it has been 

used for some time. These will quickly disappear if 

the electrode is gently warmed in the flame. The eyes 

and hands should be adequately protected when these 

electrodes are being used. They are made in a variety 

of shapes and sizes, and have been found particularly 

useful in the treatment of many cases of eczema and 

in tubercular laryngitis. 

We found that a first-degree actinic erythema could 

be obtained on the skin in about five minutes with 

one of these electrodes, and a second-degree in about 

ten minutes. As mucous suriaces can tolerate longer 

exposures than the skin, we suggest that the first 

application should be of five minutes’ duration, the 

second of seven minutes’, and so on. 

It is possible to vary the intensity
 of the ultra-violet 

and high-frequency emission by regulating the current 

passing through the electrode. 

The Use of the Funsen Lamp.—After all grease and 

crusts have been removed, with ether or lysol solution, 

the area to be treated should be carefully outlined with 

a dermatological pencil. It 1s necessary to focus the 

rays correctly when the Finsen lamp is used. It is 
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provided with a perforated metal cap, and the rays 
must be made to strike the outlined area as nearly : 
possible at right angles. The compressor, with water 
flowing through it, should be firmly pressed on the 
part to be treated. All uneven adjacent spaces covered 
by the compressor must be carefully filled with cotton- 
wool or lint soaked in cold boric lotion, otherwise 
burning may occur, since any area treated with con- 
centrated radiation will get hot unless it 1s cooled b 
firm contact with the compressor. The metal i 
should now be removed and the radiation focused a 
that there is a bright spot on the lesion, surrounded 
by a red halo. The reason for this is that when the 
rays from the lamp are passed through the lens the 
blue rays come to a focus nearer the lens than the red 
and hence the blue rays form a bright spot and Hee 
unfocused red rays form a halo round it. At a point 
a little farther away from the lens the red rays focus 
and the blue rays cross and diverge to form a blue 
halo. The ultra-violet rays are more refrangible 
than the blue rays, and therefore have an even her: 
oe length. Satisfactory results can be obtained 
. Oy care 1s taken to obtain accurate 

Local Treatment with the Water-cooled Mercur 
a Lamp.—The water-cooled lamp is so marl 
ae : a eng to become familiar with the air- 

Moreover the air-cooled lamp is g 
more useful than the “ Rose a 
will be required only by a specialist. : : 

The lamp can be removed from its stand and used 
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to “iron” the affected parts, but this method is not 

very satisfactory, because it renders exact dosage 

difficult. The lamp is much more often used in the 

fixed position, either clamped in its holder or firmly 

held in the hand. Some soothing ointment should be 

applied to the affected part when there has been a 

very strong reaction. | 

Mild or strong doses may be needed: mild doses 

for localized cases of eczema and trophic conditions, 

and strong doses for lupus, port-wine stain, and keloid, 

or when a counter-irritant effect is desired, as in cases 

of sciatica and rheumatoid arthritis. 

A lamp of the “ Kromayer” type 1s most often 

employed for local application in the treatment of 

skin conditions of limited size. | 

Only areas equal in size to the quartz window of the 

lamp (i.e. 2 in. in diameter) can be treated at one time. 

If only superficial effect is required the lamp is held 

about four inches from the lesion. For example, in 

cages of alopecia, exposures varying from five to fifteen 

minutes are given. If deeper action 1s necessary the 

quartz window is applied directly to the skin and 

pressure is maintained to cause exsanguination of 

the part and so to obtain greater penetration of the 

rays, since otherwise the majority ol them would be 

absorbed by the blood in the capillary vessels. This 

mode of application is used in cases of lupus, nevus, 

and the like, and the length of exposure varies from 

one to forty-five minutes. 

Lighting the “ Kromayer ” Lamp.—Before lighting 

the lamp it should be seen that the water is running 

at the rate of about four pints a minute, and that 
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the water tubes are correctly fitted to the inlet and 
outlet tubes on the burner casing. The main current 
should then be switched on, and the regulating lever 
of the rheostat switch should be brought to the weak 
“reduced ”’ position. | | 

The burner handle should now be firmly held with 

Fie, 190.—Diagram of Method 
of lighting the ‘‘ Kromayer” 
Lamp, When tilting the Burner 
to strike the Arc, it should not 

be tilted too far from the 
Vertical Plane, or the Electrodes 

will no longer be in contact 
with the'Mercury. 

the right hand, while the hand-wheel, which is directly 
beneath the spring clamp holding the burner, is 
loosened with the left. The burner should next be 
gently and evenly tilted forwards, to an angle that 
must never exceed ninety degrees, until the two 
mercury columns in the parallel limbs of the burner 
arc tube meet and establish metallic connection 
between the two electrode vessels, the current short- 
circuiting through the mercury. The burner is then 
to be brought slowly back to its original vertical 

2B 

Fie. 191.—Diagram showing 
how the ‘‘Kromayer” 

Burner can be tilted so 
far, when attempting to 

light it, that the Mercury 
is no longer in contact 
with the Electrodes. 
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position, so that the mercury column is broken, and 

the arc struck. 

The hand-wheel must fi nally be tightened and 

the lamp allowed to burn two minutes before the 

Fics. 192 and 193.—Method of lighting the Water-cooled ‘‘ Uvi 

can be seen, this differs from the method employed in lighting 

Lamp.) 

Showing the Vertical Position in which 

the lamp is held before it is tilted to 

strike the arc. 

arc” Lamp. (AS 

the ‘‘ Kromayer”’ 

The burner is tilted to the Horizontal 

Position shown for a few seconds only, and 

is then replaced in the vertical position 

seen in Fig. 192. After five minutes in 

the vertical position the lamp is ready 

for use. The tilting causes the mercury 

from the cathode to come into contact 

with the anode and so to complete an 

electrical circuit through the tube. 

regulating lever 1s turned to another stud; after 

this, the current is gradually increased to its full 

strength by passing the lever over successive studs 

at intervals of one minute. When a direct-current 

lamp is used, the current-direction indicator should 

always be looked at to see if the polarity is correct 

(R=right; F=fault). Vive minutes after ignition 
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the lamp can be used by removing the mica protection 
screen. 

Fie. 194.—Diagram of the ‘‘ Kromayer”’ 
Direct-Current Burner, showing the 
correct position of the Mercury in the 
Burner after the Lamp has been burning 
a few minutes. | 

: The alternating-current lamp often needs repeated 
tilting. When the arc has been struck, and light is 

Fie. 195.—Diagram of the ‘‘ Kromayer”’ 
Burner (D.C. Type), showing the correct 
levels of the Mercury after the Lamp 
has been lighted for four or five minutes. 
If there is much mercury in the right- 
hand limb above the constriction O 
the lamp should be extinguished and 
relighted. 

seen, the transformer button should be pushed down, 
and the lamp should be kept in an inclined position 
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for a further half-minute, and then brought slowly 

back to the upright position. 

and Holders for use with the ‘‘Kromayer” Lamps made by the British 

Fic. 196.—Applicators 275 

Only very slight deviations from the vertical plane 

are permissible in the “ Kromayer ”’ lamp. 

A careful watch must be kept to see that an 

Hanovia Co. 
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adequate water circulation is being maintained. 
Sudden withdrawals of water from neighbouring taps 
are the commonest cause of trouble. 

When the treatment is finished, turn off the current 

Fie. 197.—Water-cooled Quartz Com- 

pressor for use with ‘‘Finsen” or 

‘*Finsen-Reyn” Lamps. (Sanitas, 
Berlin. ) 

first and then the water. It is advisable not to 

allow the water to flow away, but to keep it in the 
lamp, so that the quartz cools gradually, and cracking 

g é 
Fie. 198.—‘‘Jungmann” Quartz 

Compressor for use with the 
‘‘Finsen-Reyn” Lamp. (G.R.S. A. 
London. ) 

is prevented. The metal jacket of the water-cooled 
burner should never be allowed to get too hot: it 
should always be possible to hold it comfortably in 
the hand. 
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Applicators and Compressors.—Solid quartz appli- 

cators can be obtained, of different shapes and sizes, 

E.G.SANITAS.BERLN 

Fic, 199.—Quartz Compressors for use in Tubercular Dactylitis 

in association with ‘‘ Finsen ” or ‘‘ Finsen-Reyn ” Lamps. 

Fic. 2)0.—Other types of Quartz 

Compression Apparatus for use 

with ‘* Finsen ” or ‘‘ Finsen-Reyn”’ 

Lamps. (Sanitas, Berlin. ) 

and can be fixed to the quartz window of the lamp 

in order to treat parts such as the nose, where, owing 

SS 
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to irregularities of contour, it is difficult to apply the 
window directly. | : 

Wie. 201.—Prismatic Quartz Applicators used with ‘‘ Finsen”’ 
or ‘‘Hinsen-Reyn” Lamps, principally for the Treatment of 
Lupus affecting the Mucous Membrane of the Nose. The 
Small Diagram shows where the Radiation leaves the 
Applcator. (Reyn.) 

For the treatment of orifices, solid quartz rods 
may be used, and hollow cone-shaped applicators of 
quartz, fitted with water-cooling devices, can be 

Fie. 203.—Small Round 
Dermatological Compres- 
sion Applicator for use 

Applicator for Compres- 
sion of Skin Lesions, for 

use with a ‘* Kromayer” with a ‘‘Kromayer” 
Lamp. Lamp. 

obtained for irradiation of the vagina, rectum, mouth, 

etc. When these applicators are used very little ray 
intensity is lost by the increase in distance between 
the burner and the part under treatment, because 
quartz conducts the rays much more easily than 

Oo ee 
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air, and the law of inverse squares is not applicable 

in these circumstances. 

The Finsen Institute compressors are separate, and 

Fic. 204.—Forceps-shaped Quartz Compressor designed 

by Dr Jungmann for use with the “ Finsen-Reyn” Lamp. 

(G.R.S. A. London. ) 

are not attached to the lamp itself, but are held in 

position by a nurse. An independent water supply ' 

Fic, 205.—Dr Cemach’s Quartz Applicators, 
principally used for Nasal Treatment. A 
Spiral Spring makes the Rod flexible and 
less liable to be broken. With this Appli- 
cator the Rays can be used without filtration 

or they can be passed through blue Uviol 
Glass. | 
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and a plano-convex lens separated by an enclosed 
space, 5 mm. in thickness, through which the water 
circulates. | 

There is also an oval-shaped Hacer compressor, 
and one with a concave lens specially designed for 
use in tubercular dactylitis. 

Prismatic applicators are used for treating lupus of 
the nose. 
A large range of useful applicators can be employed 

with the ‘‘ Kromayer ”’ lamp. | 
We use two or three plano-convex lenses of different 

Fic. 206.—Compressor with Convex Quartz 
Lens for use with the ‘‘ Finsen-Reyn”’ 
Lamp. (G.R.S.A.- London.) 

sizes for dermatological work, and we find the 
“Cemach”’ spring applicator invaluable for nasal work. 

There are other special applicators for treating the 
mouth, the urethra, the posterior nares, etc. 
A large number of hollow metal specula have been 

designed for localizing the rays; these are, of course, 
of no use in compression work. They are most often 
used for treating the vagina, the rectum, the ear, the 
nose, and the mouth. 

We have designed an applicator of the speculum 

circulates through them to ae them cool. The form 

most commonly used consists of a plate of rock-quartz 
type, which can be used for the simultaneous irradi- 
ation of both nostrils in such conditions as ozeena or 
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nasal catarrh, with our own type of housing for an 
air-cooled lamp or with a “ Kromayer ” lamp. 

Fused quartz applicators can be sterilized by simply 
passing them through a naked Bunsen or spirit flame. 
Natural quartz crystal, however, must never even be 

(e 

Baird, can be used if desired for the simultaneous Irradiation of both 

Nostrils. The Nozzles are mounted on a rubber base and readily adapt 
themselves to the Nostrils. The rubber also prevents the nozzles from 
becoming hot through heat conduction. 

boiled, but can be sterilized by soaking it in a 1: 1000 
solution of corrosive sublimate. 

Blue Filters.—Professor Kromayer has devised a 
method of cutting off the superfluous heat and non- 
penetrating short-wave ultra-violet rays by inter- 
posing screens of varying thicknesses of blue Uviol 
glass with a perforated metal holder between the 
quartz window and the cover of the burner—that is, 
actually in the water bath itself. In this way the blue, 
the violet, and the long-wave ultra-violet rays are 
allowed to pass through the screen, while the red 
rays, the heat rays, and the ultra-violet rays of 
short wave-length, are absorbed. The amount of 

a 
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absorption varies with the thickness of the glass 

screens. 
The quartz window of the lamp can also be replaced 

by a blue Uviol glass filter, but this can be made only 

of a limited thickness, to prevent the surface not in 

contact with the circulating water from becoming 

too hot. 
Dosage with the “ Finsen”’ Lanvp.—One hour's ex- 

posure is usually given to each area with the “ Finsen ” 

lamp ; this can often be cut down to forty-five minutes 

when the “‘ Finsen-Reyn”’ lamp 1s used. 
Dosage with the “ Kromayer” Lamp.—Third- or 

fourth-degree reactions are usually required. 
The ‘ Kromayer ”’ lamp produces : 

A first - degree erythema with contact in 10 seconds. 
A second-degree erythema with contact in 25 seconds. 
A third - degree erythema with contact in 40 seconds. 
A fourth-degree erythema with contact in 1 minute. 

Compression for a minute with a quartz rod will 

generally produce a blister. 
At four inches distance from the skin : 

1 minute’s exposure generally produces a first- 
degree or second-degree erythema. 

2 minutes’ exposure generally produces a third- 

degree erythema. 
3 minutes’ exposure generally produces a fourth- 

degree. erythema. 

Doctors are often. diffident about giving the neces- 

sary doses with the “ Kromayer” lamp, but there 1s 

practically no difference between the discomfort pro- 

duced by a blister following three minutes’ exposure at 
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four inches distance and that of one caused by half- 
an-hour’s exposure at the same distance; and more 
benefit will naturally result from the longer exposure, 
because the rays have had so much more time to act 
on the tissues. 7 

There is, however, a great difference between the 
effect of a blister produced by compression and that 
of one caused by a long exposure at a distance of, 
say, three feet, since in the latter case the air filters 

out the rays of short-wave length. 
If a blister forms it should be punctured with a 

sterile needle, and the lesion should be dressed with 
a little zinc and lanoline or some boracic ointment 

spread on white lint. Hamamelidis ointment should 
never be used for this purpose. These dressings should 
be applied until the lesion is quite dry. Sometimes 
when the affected area is near the eye the face becomes 
very much swollen, but this soon passes off. 

Treatment with the ‘‘ Kromayer”’ lamp is usually 
applied to an area at intervals of seven to fourteen 
days—that is, when the previous reaction has quite 
subsided. 

The Carbon Arc Lamp.—Arc lamps with pure carbons 
are used at the Finsen Institute, Copenhagen, and 
Reyn prefers them to those with impregnated carbons, 
because he considers that, although impregnated 
carbons give off more ultra-violet rays of short-wave 
length, there is less penetration, and they also produce 
pungent fumes. 

The general tendency, however, especially in this 
country, is to use impregnated carbons. 

Some workers use plain carbons for the first appli- 
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cations, and replace them by tungsten-cored carbons 
later on in the treatment. 

Dosage for Carbon Arc Inght Baths (Short-Flame 
Arcs) at the Finsen Institute—Always at the same 
distance, begin with 15 to 20 minutes’ exposure of 
each side of the body, as near the lamp as possible ; 
increase this by 5 to 74 minutes at each applica- 
tion, until a maximum of 75 minutes is reached, 

thus : 

Ist application, 15 to 20 minutes to each side of body 
2nd OE 20 to 275 39 29 29 

3rd 99 25 to 35 So hia 29 29 

For patients with laryngeal or pulmonary tubercu- 
losis the first application should be 73 to 10 minutes 
to each side of body. Each exposure is increased by 
21 to 5 minutes, until a total of one hour on each 
side of the body is reached. 

Patients with heart or lung disease are placed at a 
ereater distance from the lamps. The first application — 
should be 74 to 10 minutes on each side of body, and 
the time should be increased at each application by 
21 to 5 minutes, until 75 minutes’ exposure of each 
side of the body is reached. | 

Skin Diseases.—The first exposure should be 7% to 
10 minutes, and the length of each application should 
be increased by 24 minutes, up to a maximum of 

75 minutes, on each side of the body. 
The first application to infants should be 5 minutes, 

and this should be increased by 24 minutes at each 
treatment, up to a maximum of 75 minutes on each 
side of the body. 
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Long-Flame Arc Dosage : 

The dosage naturally varies considerably according 
to the carbons that are used. The times. given 

below are average exposures with white-flame carbons 
(cerium fluoride), and an exposure of five minutes at 
a distance of four feet generally produces a mild ery- 

thema, whereas erythema is generally produced in 

three minutes by an iron-cored carbon at a distance 

of 2 ft. 6 in. 
Great care must therefore be exercised when 

different types of carbon are being used, to avoid the 
occurrence of mistakes. 

First application, 5 minutes to each side of the — 
body, as near the arc as possible. - 

Second application, 10 minutes to each side of the 
body, as near the arc as possible. 

Third application, 15 minutes to each side of the 
body, as near the arc as possible ; up to a total 
of 30 minutes. 

Treatment should preferably be given every other 

day. | 
“ Arnold’? Arc Lamp.—An exposure of 5 to 7} 

minutes should be given on each side of the body, 
at three feet from the lamp, increasing to 15 to 20 
minutes as near the lamp as the heat allows. 

Ajax and Saidman Polymetallic Arcs : 
First exposure, 5 minutes to each side of the body, 

as near the arc as possible. 
Second exposure, 7 minutes to each side of the body, 

as near the arc as possible. | 
Third exposure, 9 minutes to each side of the body, 

as near the arc as possible. 
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Fourth exposure, 11 minutes to each side of the 
body, as near the arc as possible. 

Fifth exposure, 13 minutes to each side of the 
body, as near the arc as possible. 

sixth exposure, 15 minutes to each side of the 
body, as near the arc as possible. 

Dufestel suggests gradually decreasing the distance 
between the lamp and the patient from 60 to 40 cm. 

With children, in whom 1t is difficult to judge sensi- 
tivity to heat, the following data may be of value : 

With a 4-ampere Saidman arc the child should be 
placed 25 cm. away. 

With an 8-ampere arc the child should be placed 
30 cm. away. | 

With a 12-ampere arc the child should be placed 
35 cm. away. 

With an 18-ampere arc the child should be placed 
40 cm. away. | 

When a 4-ampere portable arc is used, the dosage 
given in the table should be doubled. ~ 
rom these tables it will be seen that with the 

carbon arc there is not nearly so great a difference 
between the length of the first and last applications 
as there is with the mercury vapour lamp. 
When the whole body has to be exposed it is of 

- great advantage to have two lamps in series, so that 
time may be saved by treating the front and back of 
the patient simultaneously. 

Short-flame arcs consuming 20 amperes are suf- 
ficient in general practice, and two patients can be 
treated together. When one patient only is being 
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must be taken to prevent such a falling fragment from 
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Fie. 209.—Belot’s Method of mounting four Carbon Ares in Series. 

room floor. These pieces are most easily caught in. 
flat tin dishes or on asbestos trays. 

The Tungsten Arc Lamp.—Tungsten electrodes can 
be used in any simple hand-fed arc lamp, although 
the usual practice is to use them in the horizontal co- 
axial position. If the positive electrode is tungsten, 
a tungsten-cored carbon will be quite satisfactory for 
the negative electrode. The tungsten arc lamp works 

3 

Fie, 208.—‘‘Sunic” Parallel Carbon Arc Lamp (for Local or General 

Treatment), fitted with Localizer. 

white-hot tip eventually becomes detached, and: care 

igniting any inflammable material on the treatment- 
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with direct current only, and a rectifier must there- 

fore be used if the supply is alternating. A resistance 

capable of varying the current between zero and 15 

amperes 1s an advantage. 
A reflector, made of some material that absorbs as 

Y fo 
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Fia. 210.—A Portable Tungsten Arc Lamp. 

few of the rays as possible, should be fitted behind the 

arc. Silicon is the most useful metal for this purpose, 

seeing that it reflects 75 per cent. of ultra-violet rays. 

Nickel reflects 45 per cent., but silver reflects only 

6 per cent. In some cases where local lesions are 

being treated, a concave mirror may be used to focus 

the rays on the part, and this should have its reflect- 

ing surface coated with nickel or silicon. More often 

the rays are focused by means of a quartz lens two 

inches in diameter with a focal length of four inches. 
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This is held in a long-handled circular frame, which 
should be of sufficient size to protect the area sur- 
rounding the part under treatment. A splutter bowl 
is usually placed under the electrodes to catch any 
falling fragments. 

It must be remembered that, as has been already 
stated, ultra-violet rays come to a focus at a point 
nearer to the arc than the focal point of visible rays. 
This can easily be proved by an experiment with an 
oxide-of-nickel filter and a piece of uranium glass. 
On the whole, a reflector is more satisfactory than a 
lens, because even quartz absorbs some of the radiation 
that passes through it. | 

With the ammeter registering 10 amperes, and the 
rays focused on the part to be treated by means of a 
quartz lens, the required erythema will generally be 
caused by an exposure of approximately five minutes. 
But here again, all the other factors that influence 
dosage should be taken into account. When the 
erythema is fading the dose 1s repeated. 
We have had experience with the molybdeno- 

tungsten arc lamp, in which the larger, positive 
electrode is of carbon cored with molybdenum and 
tungsten, and the smaller, negative electrode is of 
carbon only. The falling red-hot pieces of tungsten 
are caught in a quartz globe. This lamp is used 
mainly for local lesions, and 1s especially effective | 
in superficial tubercular lesions, such as dermatitis, 
abscesses, or lupus. It is held as close to the lesion 

as possible for from two to five minutes daily, care 
being taken to protect the surrounding healthy skin 
in the way already described. 
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One disadvantage of the molybdeno-tungsten lamp 

is that, the tungsten core being directed vertically 

downwards, beads of red-hot tungsten often fall out 

Fic. 211.—The Molybdeno-Tungsten 
Arc Lamp. 

of the encircling carbon sheath. This is naturally a 

source of alarm to the patient. 
Combined Treatment.—In some cases the effect of 

ultra-violet radiation may be enhanced by using it 1n 

conjunction with other forms of electrical treatment, 

for example, with infra-red rays or with ordinary 
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carbon filament lamps, usually fitted so as to encircle 
the ultra-violet radiation lamp. We have used ultra- 
violet rays conjointly with other methods of electrical 
treatment in those cases in which the same physio- 
logical effect is achieved by the two different types 
of application. Examples of this are found in the 
treatment of chilblains, in which the alternate use of 
ultra-violet radiation and Schnee sinusoidal baths 1s 
found to be very advantageous. Likewise, when a tonic 
effect is desired, high frequency or diathermy with the 
auto-condensation couch may be administered alter- 
nately with ultra-violet radiation, with considerable 
benefit. The same combination has been used in cases 
of hyperpiesis, diathermy and ultra-violet radiation 
being both effective in lowering high blood pressure. 

Some varicose ulcers seem to respond better to treat- 
ment when zinc ionization is given in conjunction with 

ultra-violet rays, and we have had successful results in 
several cases. 

Some local skin affections yield satistactorily to 
combined ultra-violet radiation and high-frequency 
discharges from Gallois quartz electrodes. 

Another successful combination is that of X-rays 
with ultra-violet radiation. 

Sampson advises an ionizing dose of X-rays of 
one milliampere for five minutes at a distance of eight 
inches between the anti-cathode and the skin, with a 

five-inch spark gap and a one-millimetre aluminium 
filter. Three applications can be given at intervals 
of from three to seven days. 
We have used this technique ourselves with success, 

but great care must be exercised, because fatal cases 
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of exfoliative dermatitis have followed the unskilled 

use of these two forms of radiation. 
Ultra-violet radiotherapy and heliotherapy can, of 

course, be combined, and this is the usual practice at 
many places in this country. 

Remedies for Faults in Apparatus.—Occasionally it 
is difficult to get ultra-violet lamps to work properly. 
A short description of a few of the commoner causes 
of trouble may be useful. | 

The lamp may go out suddenly during a treat- 
ment. This may arise from several causes, one of 
the commonest being an interruption of the current, 
due to a cutting off of the main supply, either un- 
expectedly through a failure at the power-house, or 
purposely to permit of repairs being carried out in 
the neighbourhood, or as a result of some more local 
trouble. The other points of supply should therefore 
be immediately tested. If they are off, too, inquiry 
should be made to see if adjacent premises are also 
without current. If the trouble is limited to the one 
house only, the main fuse will probably be found to 
have blown. 
When only one point of supply is affected the branch 

fuse should be examined. If the trouble is confined to 
one plug and its immediate connections a simple test- 
lamp is of great help in localizing the defect, because _ 
the plug, the flexible, and the terminals can all be 
tested by means of it without difficulty, and it can 
soon be seen whether they are in good order. When 
the two terminals of the test lamp are placed on two 
“live” parts, the filament of the lamp will become 
luminous only when current at the requisite voltage 
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is actually flowing through it, and it is therefore easy 
to localize.any fault. The flexible connections can — 

Fie. 212.—The ‘‘Trilite’’ Lamp makes it possible to use 
Radiant Heat, and also administer Ultra-Violet Treatment 
with either the Tungsten, Carbon, or Quartz Mercury Vapour 
Are, with the one apparatus. 

easily become broken in the plug. The flexible cord 
itself may be defective, either from a partial break 
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in the conducting core or from imperfect insulation. 
Defects should always be looked for first at the most 
vulnerable point—namely, the junction of the fixed 
and movable parts. The terminals should be examined 
to see if they are clean and properly connected. 

In the hanging type of mercury vapour lamp it is 

advisable to see that the alignment is correct, because 
the lamp may go out if it is not. If the polarity of 
the terminals has been reversed, the lamp will burn 

for a time and then fail, owing to the destruction of 
one of the electrodes. 

If the vacuum of the burner is impaired the arc tube 
becomes discoloured, and black and yellow patches 
appear. That there is a leakage can be confirmed 
if the burner is taken out of its housing and moved 
sharply sideways. If the vacuum is defective the 
characteristic click is not obtained. 

The closing of the hood may overheat a lamp and 
cause it to go out during operation. If this happens, 
the lamp should be allowed to cool thoroughly before 
any attempt is made to relight it. 

It can generally be said that if a lamp has been 
burning satisfactorily for some time, and then goes 
out suddenly, the fault should not be looked for in 
the burner, but in the circuit. : 

‘We have noticed once or twice that our mercury 
vapour lamps have gone out when a large arc lamp 
has been switched on in an adjacent room, causing | 
a momentary local drop in voltage. 

There are several causes of trouble in a water-cooled 
mercury vapour lamp. Briefly, these are as follows. 

Overheating of the lamp because of defective water 

— ——— 
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circulation is the commonest fault. One way in which | 
this may be brought about is by an interchange of 
the inlet and outlet tubes ; another is by the cracking 
of the quartz jacket of the arc tube; and an inter- 
change of positive and negative poles will also cause 
the lamp to burn permanently dull. 
If the lamp burns only after frequent tilting, a 

small air bubble usually present in the polar vessels 
may have found its way into the arc tube, or the 
mercury may be unevenly distributed in the two 
limbs of the tube. This can be remedied by tilting 
the lamp gently forward through an angle of ninety 
degrees from its original plane and then bringing 
it gently backwards again. If the lamp should 
become accidentally extinguished, two minutes should 
be allowed to elapse before an attempt is made to. 
relight it, and the resistance switch should be moved 
immediately to ““ weak.” When a leakage of water 
occurs at the quartz window of the lamp, a new 
rubber packing ring should be fitted. 

If the water used for cooling the lamp contains a 
great deal of lime, the inside of the burner casing 

- should be cleaned occasionally. It may be necessary 
to use a five-per-cent. solution of hydrochloric acid to 
do this effectively. 

In carbon or tungsten arc lamps, the carbons should 
first be touching and should then be quickly separated 
to the required distance, when the arc has been struck. 
A supply of suitable fuse wire, of several thicknesses, 

should always be kept in a place easily accessible in 
case of emergency. So also should a candle and 
matches, or a small flash-lamp—one of the self- 



412 ULTRA-VIOLET RADIATION 

generating type is very handy, since it does not 
require refill cells. Fuse wire of the correct size 
only should be used at each point where a fuse is 
required: a fuse is a safety device and a means of 
avoiding more serious consequences. Great care 
should be taken to prevent unauthorized persons 
from having access to ultra-violet lamps. A little ig- 
norant curiosity may cause great trouble and damage. 

AN OUTLINE: OF CongoInTtT INTERNAL MEDICATION 

AND Uutra-VIOLET RADIATION 

There are a number of foodstufis that can act as 
sensitizers when eaten by certain persons: well-known 
examples are eggs, lobster, and strawberries. Other 
patients have an idiosyncrasy to certain drugs, per- 
haps the best known of which are quinine, potassium 
bromide, the iodides, copaiba, and iodoform; serum 
injections may also act in the same way. 

It has been found that the administration of mercury, 
arsenic, quinine, and iodine, slightly increases the 
intensity of the reaction caused by ultra-violet irradia- 
tion, whereas resorcin decreases ‘it. The effect of any 
vaccine can probably be enhanced if the patient is also 
irradiated. It is therefore a wise precaution for the 
actinotherapist to ascertain what, if any, drugs a patient 
is taking before he begins ultra-violet treatment. 

In many cases the beneficial effects produced by 
ultra-violet irradiation can be greatly enhanced if 
certain drugs, dyes or vaccines are taken internally, 
either by the mouth, or injected subcutaneously or 
intravenously. The following lists of organic or in- 
organic preparations contain the names of those 
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substances most commonly used in association with 
ultra-violet radiation. 

Organic Preparations : 
Thyroid extract. 
Parathyroid extract. 
Ovarian extract. 
Testicular extract. 
Liver extract (but it may act as a sensitizer). 
Vaccines (such as tuberculins). | 
Cod-liver oil (in rickets). 
Chlorophyll. 

SCG IOI) estat sensitizers. Uroporphyrin | 

Dufestel advocates an injection of 10-20 minims of 
1 in 1000 sol. of adrenalin hydrochloride for patients 
who have asthenic symptoms after ultra-violet treat- 
ment, and also for those in whom there is too rapid 
pigmentation. 

Inorganic Preparations : | 
intravenous in abdominal tuber- 
culosis. 

Calcium lactate (and thyroid extract), i asthma 
and hay fever. 

Colloidal calcium. 
Arsenic, in tuberculosis. 

in lupus, lupus erythematosus, 
(sold preparations laryngeal and pulmonary tuber- 

Calcium chloride 

f 

culosis. 
Resorcin. 
Quinine. 
Iodine. 
Krythrosin 
Gentian violet (1:1000) } sensitizers. 
Kosin 
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Kosin can be taken by the mouth in the form of 
14-grain tablets. The usual dose is one tablet three 
times a day for fourteen days, followed by a rest period 
of the same length of time. | 

Ostermann finds that very small quantities of the 
heavy metals circulating in the blood increase the 
effect of the ultra-violet rays : 
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Sequeira states that he produced ulceration instead 

of vesication by exposing an area of skin to the con- 
centrated rays of a large carbon arc after the local 
injection of erythrosin. 7 

Iron, in anemia. 
Mercury, in syphilis. 
Bismuth. 
Copper, in surgical tuberculosis. 
Silver, argochrome (silver and methylene blue), 

used intravenously in influenza and pneumonia. 
Gold, in laryngeal tuberculosis and septic processes. 

Reactions in Local Treatment are increased by the 
external application of the following : 

Copper ointment, in lupus. 
Silver nitrate. 
Hydrogen peroxide. 
Calcium sulphide, powdered on the skin. 
Sodium chloride. | 

And by these dyes : 

ec | The usual formula is: eosin, 2 parts ; distilled 
water, 50 parts; 95 fas cent. alcohol, 50 parts. 

Brilliant-green. 
Crystal violet. 
Gentian violet. 
Fluorescin. 
Cyanosin. 
Methylene blue. 
Acridine. 



CHAPTER XII 

ULTRA-VIOLET TREATMENT IN 

TUBERCULOSIS 

Outline of the Biological Effects of Ultra-Violet Radiation— 

Mode of Action in Varying Conditions—Comparison of 

Results obtained by Natural and Artificial Irradiation— 

Tubercular Skin Lesions—Glandular Affections—Bone and 

Joint Lesions—Tubercular Peritonitis——Pleurisy—Phthisis 

-_—Tubercular Laryngitis—Genito-Urinary Tuberculosis—A 

few Illustrative Cases 

Ir is foolish to suggest that ultra-violet radiation, 

or for that matter any other remedial agent, 1s a 

“cure-all.” But it is equally absurd to doubt the 

favourable results that many workers have claimed 

as a result of actinic treatment under the most 

diverse conditions. Are not most diseases benefited 

by the stimulation of the defensive mechanisms of the 

body? The argument that the results are due entirely 

to suggestion is hardly worth serious consideration. 

The greatest field of usefulness for ultra-violet 

radiation lies in the prevention rather than m the 

cure of disease. It is, however, almost a specific 

remedy in such dissimilar conditions as rickets, 

surgical tuberculosis, Alopecia areata, spasmophilia, 

and hay fever; and in a very large number of diseases 

it is a useful adjuvant, supplementing other necessary 

remedial measures. 
416 
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When selecting cases for ultra-violet radiation the 
biological effects of the rays must be borne in mind 
It must be remembered that the rays form “(oan 
substance in the skin that is absorbed by the blood 
and thus carried through the whole system. The chief 
general effect is an increase in the rate of metabolism : 
the appetite is stimulated and the whole resistance 
of the body is raised, and hence comes the value of 
this treatment after acute ilnesses and in weakly 
children and adults. The number of micro-organisms 
in the intestinal tract is reduced, absorption is facili- 
tated, and catarrh is lessened. The tone of unstriped 
muscle is increased, and obstinate cases of constipa- 
tion and auto-intoxication from the bowel are greatly 
benefited. Anzemias are aided, by stimulation of the 
heemopotetic system and increase in hemoglobin ; 
rickets, from the increase of calcium and phosphorus 
in the blood; and surgical tuberculosis and fae 
infections, by the increase of the bactericidal power 
of the blood, lymphocytosis, and increase of general 
resistance. Ultra-violet radiation also stimulates the 
endocrine system, especially the thyroid and sexual 
olands. 

Similarly, a consideration of the physiological 
effects of ultra-violet radiation will suggest many 
other conditions that might be benefited by it. 

The benefits derived from ultra-violet treatment 
may be due to: 

(1) Psychical effects attributable to: 
Suggestion or mental exhilaration. 

(2) Alterative effects : | 
Stimulation of carbohydrate, protein, fat, and 
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mineral metabolism (as of calcium, iron, 

phosphorus, and iodine). 

Production of vitamin D from ergosterol. 

Action on the sympathetic system and some of 

the endocrine glands. 
Increase of hemobactericidal and immunizing 

powers. | 
Lowering of abnormally high blood pressures. 

(3) The production of a beneficial inflammation, 

as in indolent ulcers, as well as_an eliminative 

effect that causes dead tissues to be thrown 

off. 

(4) A local counter-irritant effect, as im certain 

cases of neuritis. It is sometimes said that 

a mustard plaster is equally efficacious, but 

how could a mustard plaster be applied to 

the inside of the mouth to relieve the pain 

of an erupting wisdom tooth? 

(5) Direct bactericidal effect. 

(6) Analgesic eftect. 
(7) Stimulation of vasomotor reflexes of the skin, 

lessening the susceptibility of the body to 

extremes of heat or cold. 

(8) Redistribution of the amount of blood in the 

different circulatory systems—for example, a 

lessening of the amount of blood in the portal 

circulation. | 
Illustrative cases of a few of the conditions 

mentioned will be given. 
The great benefit derived from fresh air sal sunlight — 

in tuberculosis is, fortunately, universally acknow- 

ledged at the present time, and every patient, from 
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whatsoever type of the disease he is suffering, should 
be sent as soon as possible to the country, where he 
will get the maximum of these essentials. Undoubtedly 
the best resorts tor patients suffering from early 
tuberculosis are to be found in the High Alps, but 

unfortunately, at present, these are within the reach 

of only a very small proportion of the thousands of 
sufferers from this disease. 

There is surprisingly little difference, if any, among 
the results obtained at Leysin, Alton, and Copenhagen. 

At Leysin natural sunlight is used; at Alton this 
is replaced on sunless days by artificial ultra-violet 

radiation; and at the Finsen Institute, Copenhagen, 
only artificial sunlight is used. The following table 
compares the results obtained by Dr Rollier and those 
of the Finsen Institute : 

Drea Finsen Dr Roltier’s 
Bye Institute Clinics 

_ Tuberculosis of hip-joint . | 78 ae 70 hercent 
Tuberculosis of knee CO) FE 7 

Tuberculosis of ankle . | 93 82 : 
Tuberculosis of hand and ‘ 2 

EewEist -«. 3 . | 88 r ae 
~ Tuberculosis of Sino: . | 94 ee 93 : 
Tuberculosis of shoulder . | 93 : «(184 ; 

Seventy per cent. of the patients attending the 
Hinsen Institute are over fifteen years of age, and the 
great majority are out- “patients, yee ae in none 
too healthy homes. .. ” 
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Rollier’s patients live in hospitals situated in the 

High Alps, under his personal supervision. 

Finsen’s brother-in-law, Professor Reyn, says that 

the results obtained by the application of carbon 

‘arc light baths in the treatment of extra-pulmonary 

tuberculosis are splendid. ; 

Affections of the bones, the joints, the skin, the 

glands, the peritoneum, and the genito-urinary system, 

all respond very favourably to ultra-violet irradiation, 

and the results have been so satisfactory that this 

should always be the treatment of choice. Operations 

such as the aspiration of abscesses and removal of 

sequestra have, of course, to be performed in conjunc- 

tion with or preparatory to the ultra-violet treatment. 

Children naturally respond more quickly to treat- 

ment than adults, and Chievitz at the Hinsen Institute 

has not had to operate on a child for tubercular dise
ase 

for years ; recent cases heal in shorter periods than 

old-standing cases, and lesions of small joints are 

cured more rapidly than those of large joints, prob- 

ably because there 1s a better blood supply to the 

smaller joints. Cases where abscesses have recently 

developed and ruptured spontaneously heal more 

quickly than closed cases where perhaps the tissue 

reaction to the infection is less marked. It has been 

found that old fistulous bone conditions of the pelvis, 

spine, and hip, and uncomplicated teno-synovitis are 

least responsive to radiotherapy. Those cases where 

there is but slight impairment in the power of the 

natural resistance of the body respond most favour- 

ably to actinotherapy : when the recuperative powers 

tend to become exhausted and unable to react ade- 
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quately to fresh stimuli, irradiation may aggravate 
the patient’s condition. 

Cases of phthisis require great care during ir- 
radiation, and particular attention must be paid to 
dosage. Harly cases are the most satisfactory, but 
those in which the condition has become generalized, 
with nightly rises in temperature, and particularly 

those in which hemoptysis is present, are better left 
unirradiated. : 

If irradiation in a case of phthisis is followed by 
the slightest rise in temperature or quickening of pulse 
rate, it is wisest to discontinue the treatment—at any 

rate, for a time. General irradiation of the body must 
always be given in conjunction with local exposures 
in every case of tuberculosis, whatever the type. 

TUBERCULAR SKIN LESIONS 

Lupus.—This was the first disease treated by actino- 
therapy. Professor Finsen no doubt chose it because 
it was so resistant to all ordinary forms of treatment, 
and caused so great an amount of suffering. His 
great lesson in the treatment of lupus was the need 
for perseverance. ; 

The dry nodular type is probably the most amen- 
able to phototherapy ; lesions on the body or limbs 
are more easily cured than those on the face, and 
lesions on the ear and mucous membranes are the 
most difficult to heal. Ultra-violet radiation is un- 
availing when lupus, affecting the face, is complicated 
by lymphatic obstruction. 

The rays are so easily absorbed by the blood in the 
capillary network of the skin that it is necessary to 
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make the affected area anemic by compression with 

a quartz lens to ensure the maximum action of the— 

rays during exposure. A strong inflammatory reaction 

with blister formation should be caused, so as to 

flood the diseased area with lymph and thus promote 

the growth of healthy tissue. 
The extreme sensitiveness of the tubercle bacillus 

must be remembered: this, together with the leuco- . 

cytosis and increased bactericidal property of the 

blood, is probably responsible for the cure of the 

condition. . 

General and local treatment should be given, and 

reat attention should be paid to hygiene and to 

the provision of plenty of nourishing food. Catarrh 

of the lesion is soon checked, and the part looks 

healthier ; peripheral spread is rapidly arrested. 

Dr Sequeira, of the London Hospital, finds that the 

combination of general with local treatment increases 

the cures in cases of lupus from 60 to 90 per. cent. 

In many cases of tubercular lesions general irradiation 

alone, without local exposures, will clear up the con- 

dition, and in lupus the results have occasionally 

been found to be equally good even if the lesion itselt 

has been covered over during irradiation. General 

treatment is especially valuable in lupus affecting 

the mucous membranes. As many as 2863 cases ol 

lupus had been treated at the London Hospital up 

to July 1927, and 90 per cent. of these were cured, 

the successful cases including a number in which the 

mucous membranes were affected. 

Sir Norman Walker, in his Introduction to Derma- 

tology, 1925, referring to ultra-violet treatment, says : 
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‘For extensive cases of lupus no other method 
even distantly approaches it in efficiency, and I 
have little doubt that 1t will soon be available in all 
considerable centres.” And again: “With a large 
experience of lupus—more than a thousand cases have 
passed under my notice—lI feel bound to say deliber- 
ately that under no other method of treatment have 
I seen such rapid and satisfactory improvement as in 

those treated by one or other of the ‘ sunshine lamps.’ ” 
In cases of lupus, actinotherapy should be advised 

rather than X-ray treatment, especially in the nodular 
types, where carcinomatous changes are so apt to 

occur. 
At the Lupus Heilstatte, Vienna, a combination of 

local with general light baths is used for large lupus 
lesions on the face, body, and mucous membranes. 
Short-flame carbon arc baths are given, and the ex- 
posures are Increased from fifteen minutes initially 
up to two hours. Light baths are taken two or three 
times weekly. Local treatment is given with either 
“Finsen ”’ or “ Kromayer’”’ lamps. 

Dr Maar, of the Finsen Institute, Copenhagen, 

says that the “ Kromayer ”’ lamp can compete success- 
fully with the “‘Finsen” lamp; and Dr Neisser, of 
Breslau, states that in his experience the “‘ Kromayer ” 
lamp has given results that were quite equal to those 
obtained from the “Finsen-Reyn” lamp. It is in- 

teresting and useful to know this, because in private 
work the use of the “ Kromayer’’ lamp makes it 
possible to save a great amount of time and expense. 

Good results are obtained in old-standing cases, 
which require skin grafts, if the part is rayed both 
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before and after operation. First of all the area is 
rendered sterile, and, later, mild doses are given to 
stimulate epithelial proliferation. 

Lupus cases in hospital are usually treated with 
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An intense reaction with blister formation follows 
exposure, and another application is not made until 
the reaction from the last has subsided. 

The ‘“Finsen” lamp is expensive and rather 
cumbersome, and the “‘ Kromayer” lamp is therefore 
generally preferred for private practice. Quartz 
applicators are used, corresponding in size to the 
lesion to be treated, and a steady pressure is main- 
tained during treatment, An exposure of five minutes 
is given at first, and the blue Uviol filter is used if 

———— 

Fic. 213.—Local Treatment of Four Patients with the ‘‘Finsen” Lamp 
(50 amperes) at the Finsen Medical Light Institute, Copenhagen. 

the “‘ Finsen”’ lamp: four cases are dealt with by one 
lamp. The edges of the lesion should be treated first. 
In many hospitals automatic compressors are now 
used, instead of applicators held by specially trained 
nurses. The initial dose is generally of ten minutes’ : 
duration, and this is gradually increased to an hour. 

the area to be treated is very sensitive; otherwise 
it is inadvisable to filter the radiation. The exposure 
may be gradually increased to thirty minutes. These 
sittings are followed by very intense reaction and are 
repeated after intervals of two or three weeks. 
As many as eight applications to one particular 

area may be required. After treatment it is cus- 
tomary to apply a soothing ointment. The following 
prescriptions are very useful : 

% Paraftin molle, 4 parts. Or ® Zinci oxidi, 2 parts. 
Ung. zinci, 1 part. Amylli. trit.., 2 parts, 
Adeps lane, 5 parts. Olei olivee, 1 part. 

Adeps lanze, 1 part. 

Pyrogallic acid dressings may be applied to the part, 
particularly if it is extensive, a few hours before 
irradiation. They remove crusts and open the pores. 
Treatment is then given, without compression, about 
two inches from the window of the burner. Red 
rays may be combined with the radiation from the 
“ Kromayer ’’ lamp, and are beneficial. 

Kixcellent results have been obtained at the Lupus 

2 
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Heilstatte, Vienna, by this mode of treatment. Gener- 
ally the centre of the affected area heals first and the 
edges remain active. Small areas of the peripheral 

nodules should be treated in turn with small lenses, 

the central area being protected at these times. 

Fig, 214.—The ‘‘ Finsen-Reyn” Lamp in use at the Finsen Institute, - 

Copenhagen. 

The treatment is generally most prolonged where 

there are extensive fibrous scars. 
Diathermic cauterization of small resistant nodules 

is often helpful. 
Very refractive cases of lupus are often benefited 

by injections of some gold preparation in conjunction 

with general or local actinotherapy. 
By treating lupus of the mucous membrane ot 

the throat, nose, and mouth, with general carbon arc 

baths, Strandberg, at the Finsen Institute, has cured 

87:1 per cent. of his cases. 
Special prismatic quartz applicators are generally 

used for the local treatment of lupus affecting the 
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nose, the eyelids, or the mucous membranes of the 
mouth. 

Before giving local irradiation for lupus the skin 
should be well cleansed with benzene to remove grease 
and scales, and half-an-inch of skin surrounding the 
lesion should be exposed. Dressings should be applied 
immediately after irradiation and should not be dis- 
carded until the reaction has subsided and Heung 
has taken place. 

In every case of lupus the mucous membrane of 
the nose and mouth must be examined. At least 
two exposures should be given after the lesions have 
disappeared, and the patients should be examined at 
intervals of a few months after the termination. of the 
treatment. | 

Treatment of Hyelids. — Lundsgaard’s _ special 
apparatus, with a quartz prism, is used with the 
pltinsen,” lamp. 

Gronholm’s eyelid forceps are useful for everting 
the lids. Ten to thirty minutes’ exposure is given, 
and is followed by an intense reaction and swelling of 
the eyelids. 

Lundsgaard’s applicator is also very useful for 
treating the nasal vestibule with the ‘‘ Finsen-Reyn ”’ 
lamp. Special applicators can also be used with the 
“ Kromayer ”’ lamp. 
Scrofulodernna.—Sequeira says that artificial sun- 

hight treatment is often of the greatest valueand should 
be tried before surgical interference is proposed. 

Tubercular dermatitis and superficial ulcers also 
heal very rapidly under ultra-violet radiation—much 
more quickly than cases of lupus. A third-degree 
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erythema should be produced at first over the 
lesions, care being taken to protect the surrounding 
skin. The ulcer soon becomes clean, and healthy 
eranulations appear. The newly formed epithelium 

Fic. 215.—Gronholm’s Single Kyelid Fic. 216.—Gronholm’s Double For- 
Forceps, for Eversion of the Hyelid. ceps, for use during Irradiation 

(Reyn. ) of the Eyelids. (Reyn.) 

that appears round the edges of the lesion should 
be carefully protected during subsequent irradiations, 
which should follow as soon as the reaction from the 
preceding exposure begins to fade. 

The fibrotic type of tubercular ulcer does not re- 
spond to ultra-violet radiation nearly as well as the 

ulcerative or fungating type. 
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Erythema induratum of Bazin —Excellent results 
are obtained with ultra-violet radiation in these cases, 
which soon heal. 

Tubercular Glands.—The glandular enlargement, 
which is the characteristic feature of tubercular 

Kia. 217.—-The. Upper. Hyelid’ everted 
with Gronholm’s Forceps preparatory to 
Irradiation. (Reyn.) 

lymphadenitis, proves that the glands are endeavour- 
ing to combat the infection, that the lymphatic 
system is reacting to the hostile stimulus, and 
that the patient’s power of resistance ig not wholly 
exhausted. Actinotherapy is therefore of great value 
in these cases and the results with ultra-violet radia- 
tion are so brilliant that it is hoped that excision will 
soon become a thing of the past. 

At the Finsen Institute it was found that only 40 
per cent. of these cases were cured by X-rays, whereas 
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98 per cent. of the patients treated with ultra-violet 
rays were cured, the average time to effect the cure 
being 4°8 months. 

It is generally agreed that the carbon arc lamp is 
the most efficacious for general treatment in these 

Fie, 218. evict ment of the Nasal Vestibule 
with a Prismatic Applicator. (Reyn.) 

cases. Our own results, at first, with the mercury 
vapour lamp_ were not nearly so good as the Hinsen 

- floures. 

There are three stages of the disease : 
(1) Where simple hyperplasia of the gland tissue 

exists. 
(2) Where pus formation has taken place. 
(3) Where the overlying skin has broken down and 

a fistula has resulted. 
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In the first stage general sun baths alone will often 

effect a cure, though local treatment may also be 
advantageous. It is usually possible to obtain speedy 
healing if treatment is commenced at an early stage 
of the disease. 

When pus forms it must be evacuated either with 
a syringe, or after the gland has been punctured 
with a special diamond-shaped stylet. In stages (2) 
and (3) resolution will be hastened if local treatment 
is applied as well as general. The cervical glands are 
those most commonly treated, but the peritoneal, 
axillary, inguinal, and tracheo-bronchial glands are 
often aflected. In the case of the last-mentioned, 
the relief of dyspnoea is one of the first signs of 
improvement. 

Multiple. tubercular glands respond to treatment 
most satisfactorily when there is periadenitis and a 
fistula, such cases generally healing with an incon- 

spicuous supple scar. Single glands covered with 
sound tissue are much more refractory. Irradiation 
soon overcomes the secondary infection nearly always 
present when the skin isinvolved. _ 

Hnlarged mesenteric glands have been found to 
yield most quickly to ultra-violet radiation, the 
mediastinal glands come next, and the peripheral 
glands yield most slowly. MHilus tuberculosis re- 
sponds well to irradiation with the quartz mercury 
vapour lamp. 

Taylor found that of one hundred and twenty 
children suffering from hilus tuberculosis all made 
the most ‘cama progress when treated by 
actinotherapy. 
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In tubercular adenitis strong local doses with the 

water-cooled lamp and compressors, combined with 

general irradiation, often expedite healing, third- 

degree erythemas being aimed at. Ii progress is very 

slow X-ray treatment should also be given. At first 

weekly doses, and later monthly exposures, are made. 

General ultra-violet baths are continued twice or 

thrice weekly throughout the treatment, the Dosage 

Table on page 397 being followed. 

The internal administration of iodine is often elerae 

during the treatment of tubercular adenitis. 

Tubercular Bone and Joint Lesions.—The effects of 

heliotherapy in this type of the disease are marvellous. 

Rollier at Leysin and Gauvain at Alton have both 

obtained wonderful results, in two places very unlike 

one another in climatic conditions; the most interest- 

ing point is the range of movement obtained in old 

ankylosed joints merely by insolation. 

It is an extraordinary fact that the results obtained 

at the Finsen Institute with carbon arc baths are 

equally good, as the following list shows : 

RECOVERED CASES 

Non-com-  — Com- 
plicated plicated 
Per cent. Per cent. 

Tuberculosis of the wrist . : 86 90 

. elbow. ; 88 96 
2 shoulder -. 100 87 
‘ fGen ee OO 87 
is knee . : 71 69 
y, hips: 100 57 

spine . 3 80 61 
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RECOVERED Cases— continued 

Non-com- Com- 
plicated plicated 
Per cent. Per cent. 

Tubercular teno-synovitis 123 100 
KS dactylitis 100 98 

peritonitis. . ON eh 
it disease of the female | 

genito - urinary 
system : i 66 

2 disease of the male 
genito - urinary 
‘system ; 66 85 

se caries of ribs and 
sternum : ae 82 

- osteitis , oe 94. 
& osteitis of pelvis. xm 50 

Subcutaneous tuberculosis —. os 92 

The most striking difference between the results of 
treatment of tubercular joint disease by surgery and 
by actinotherapy is the dissimilarity in the amount 
of movement possible in the healed joint. Ankylosis 
generally follows excision of the joint ; but a wonder- 
ful range of movement is usually possible after the 
more conservative radiotherapy, and naturally this is 
a most important matter to the patients. 

Krnst did some very interesting work at the Finsen 
Institute on the radiographic appearances of bone 

tuberculosis. He found that at the commencement of 
general ultra-violet radiation latent foci often mani- 
fested themselves, and that they healed up after this 
period of reaction. He often found also that before 
any clinical signs had shown themselves X-rays 

25 
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would reveal such conditions as tubercular dactylitis, 

just as pulmonary conditions can often be diagnosed 

by X-ray examination alone. X-ray photographs 

taken before, during, and alter actinic treatment, 

often show surprising differences. Complete recalci- 

fcation of a bone which had apparently disappeared 

may occur, particularly in the case of small bones 

like the phalanges, the final appearance being that 

of normal bone tissue. | 

Von Pirquet’s test is valuable in helping to establish 

a diagnosis. 
General irradiation with the carbon arc lamp 1s the 

method of choice in bone and joint tuberculosis, but 

the authors can also testify to the value of mercury 

vapour lamps in these cases. 

Gases of tuberculosis of the spine and lower limbs 

are best treated in hospital. 

In certain deep-seated cases conjoint Rontgen 

radiation may also be advisable. Naturally, great 

attention must be paid to hygiene, to diet, and, 

- particularly, to orthopedic measures to prevent and 

correct deformity. 
In bone lesions, where there is much absorption of 

‘osseous tissue, the osteoblastic cells are stimulated, 

the calcium and phosphorus content of the blood. is 

increased and recalcification takes place, sequestra 

are often extruded, and new bone formation results. 

When ultra-violet radiation is first applied there 

is usually an increased discharge from ulcers and 

sinuses, and some shedding of necrotic tissue in the 

form of sloughs or sequestra. This 1s soon followed 

by the formation of healthy oranulation tissue and 
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subsequent healing. Pain is soon relieved except 
when it 1s due to the contact of eroded bony surfaces 
Cases with superficial fistula heal most quickly elosed 
cases generally take much longer. : 

Irradiation plays an important part in getting 
secondary infection under control. In regard to the 
difficult question of prognosis the following figures 
from the Finsen Institute will be of interest: | 

Lubercular Dactylitis generally requires from two 
to six months for cure; more rarely, refractory cases 
may take as long as twelve months. 

Lubercubar Wrost.—Uncomplicated cases usually 
heal In SX months ; for complicated cases the average 
time is from. six to twelve months, and in a few cases 
this period is exceeded. 7 

Tuberculosis of Elbow. — Of 31 cases: 4 cases 
recovered in three months; 3 cases recovered in six. 
months; 8 cases recovered in tw shs ; elve months: 
the others took longer. oe 

Luberculosis of Shoulder.—Healing generally takes 
a about six months in uncomplicated cases 

uberculosis of Ankle.—The average ti | 
iS six months. . no ean 

Luberculosis of Knee.—Recovery takes place in 
from nine to twenty-four months. © 

Luberculosis of the Hip Joint.—Treatment must 
generally be given for twelve months or longer. 

Luberculosis of the Sternum and Ribs—When sinuses 
a present, six to twelve months, as a rule, are needed 
or cure; but occasional cases heal j 

as three months. ae ee 
Lubercular Osteitis—The average time for recovery 
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‘3 from one to two months; very severe cases may 

require six months, and cases affecting the trochanter 

emur even longer. . 

: ea Osteitis of the Pelvis —This generally 

heals in twelve to twenty-four months. — 

Tubercular Perttonitis.—Actinotherapy 18 very use- 

ful in this disease and many cases Can. be cured by it. 

With carbon arc treatment it has been found je 

75 per cent. of uncomplicated cases and 57 per <a 

of complicated cases recover. Confinement to be 

ig necessary In severe cases, and the usual wl ere 

and dietetic measures must be strictly carried out. 

hospital, patients can be wheeled to the treatmen 

room in their beds, but for acute cases in genera 

practice a portable lamp is necessary. 

In some cases there 1s an amelioration of both the 

general and the local symptoms 
from the commence- 

ment of treatment, but +n others there is at first a 

slight aggravation of the symptoms. Leena
 

ever, the general health improves, ap petite i: urns, 

fever disappears, and weight is gained. Local Aiben 

and ascites rapidly pensar and the action of tne 

becomes more normal. | 

poe most satisfactory cases at those where 

there is localized peritonitis, especially of nee ie 

appendicular, hepatic, or splenic regions, and when a 

disease is of the fibro-adhesive type. Cases Wl : 

effusion do not generally respond. quite so well, an 

ulcerative caseous forms are least satisfactory. re 

affecting the female genitalia also do well, ae ing 

usually taking place in from tw
o to four months. 

Cages of tubercular peritonitis of more severe types, 
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especially when part of a generalized infection, do not 
respond so well; but there are some in which great 
improvement has resulted from actinotherapy. If 
actinotherapy alone is only partially successful, and 
a point is reached where the condition remains at a 
standstill, greater improvement often follows the 
conjoint use of infra-red, ultra-violet, and X-rays; or 

it the mercury vapour lamp alone has been used, 
improvement often results by substituting the carbon 
arc for it. : 

Intestinal tuberculosis complicating phthisis 1s 
generally of the ulcerative type, and is characterized 
by pain and constipation, if the small bowel is 
affected, and by diarrhoea if the large. 

Digestive trouble is the first symptom, and was 
formerly considered to be “the beginning of the 
end.’ Actinotherapy now offers some chance of 
recovery. 

Irradiation of the abdomen, limbs, and back, 1s 
advisable, preferably with the carbon arc lamp, using 
special electrodes, such as the polymetallic type. 

In advanced cases of phthisis, associated with 
hemoptysis, the chest should be protected during 
treatment. The patient must be watched carefully 
for any rise in temperature or pulse rate, and small 
doses at the beginning are safest. Many of these 
cases do well, especially those with early lung symp- 
toms. Pain and discomfort disappear after the first 
few applications, and the stools become normal after 

about three months. 7 | 
Approximately half of the cases that respond well 

show signs of definite improvement by the end of 
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the first month of treatment. Cases that do not 

improve under irradiation are generally those of very 

advanced pulmonary disease. 

Plewrisy—The pain of pleurisy 1s relieved by a 

second-degree erythema, and pleural effusions are 

absorbed in the same way as joint effusions and ascites. 

Pulmonary Tuberculosis —On the whole the results 

following ultra-violet irradiation have been a little 

disappointing when compared with those obtained 

in non-pulmonary cases. 

Taylor has, however, recently treated one hundred 

and fifty-six adult cases, 92 per cent. of whom 

were classified Turban-Gerhart stage 3; 50 per cent. 

showed improvement after irradiation ; 33°3 per cent. 

remained stationary; 11°6 per cent. retrogressed, 

and 5:1 per cent. died. He considers that the dis- 

appointing results previously experienced in lung 

tubercle are almost invariably due to the adoption 

of a too hard-and-fast technique. Ultra-violet rays 

can be safely used in quiescent cases of pulmonary 

tuberculosis provided there is no fever, but the treat- 

ment should be confined to those cases in which. 

there is no impairment of the patients’ power ol 

response to the stimulation of irradiation. The rays 

oenerally have a stimulating effect: patients have 

more energy, their appetite improves and their weight 

increases, and they have a better mental outlook and 

feel brighter in spirits. The cough is relieved in the 

oreat majority of cases, the sputum is reduced in 

quantity, and sleep is ameliorated. Treatment should 

be discontinued if there is any rise in temperature or 

pulse rate, or if there is anorexia, or any progressive 
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loss of weight, or an exacerbation of symptoms. 
These cases must be carefully supervised by a 
medical officer during the whole of their treatment 
and their response to irradiation must be carefully 
recorded. ‘Temperature, pulse, cough, sputum, pig- 
mentation, etc., should all be noted. ee 

Crocket considers that patients suffering from pul- 
monary tuberculosis should always lie down during 
the administration of the treatment so as to avoid 
the strain of sitting in one position. | 

Reyn recommends mild doses of from fifteen to 
twenty minutes’ general carbon arc treatment every 
other day, the exposure being very slowly lengthened. 

Oldenburg reports favourable results in pulmonary 
tuberculosis in fourteen out of thirty-eight children 
treated. The best method of irradiation for these 
cases is the fractional system described in the chapter 
on “Technique.” If the case is an advanced one the 
chest should not be exposed during irradiation. 
; Murray has noted that the skin of patients suffering 
from advanced tuberculat disease is very sensitive to 
ultra-violet radiation, and that erythema, which de- 
velops very readily, is rarely followed by pigmentation. 

Tubercular Laryngitis.—Many cases of this disease 
will yield to actinotherapy even when they are second- 
ary to pulmonary tuberculosis. Strandberg has pub- 
lished an account of one hundred cases with pulmonary 
involvement treated with general carbon arc baths 
showing 53 per cent. cured; ninety-seven of hese 
patients suffered trom hoarseness, and in seventy- 
eight this symptom entirely disappeared, while in 
fifteen it was improved. Eight cases had suffered 
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from hemoptysis, and only two of these had an 

attack during treatment. The remaining ninety-two 

of these patients had no attacks of hemoptysis. 

The average number of treatments given was eighty- 

six. General irradiation. with either the mercury 

vapour or the carbon are lamp must be given at least 

thrice weekly. 
Ultra-violet irradiation generally relieves any pain 

that may be present in this condition. 

There are several forms of local treatment. Dr 

Sorgo has evolved a method in which the patient 

applies the treatment himself. An adjustable head- 

band is fastened round the patient’s head ; to this 1s 

fixed a jointed wooden rod, which supports a mirror 

about six inches away from the face and a cardboard 

screen. The patient pulls the tongue forward with 

one hand and holds a nickel laryngoscopic mirror 

the other. With this he reflects the arc light on to the 

larynx, an image of which he should be able to see in 

the mirror. The first exposure of five minutes 1s 

oradually increased to one of an hour. The local 

irradiation can easily be carried out while the patient 

is having general treatment. 
The “‘ Kromayer”’ lamp can be used in these cases, 

with a special curved quartz applicator. An exposure 

of two minutes, increasing to five minutes, is given 

weekly. 
To combat the pain and dysphagia so often present 

in this condition, Dr Ostermann, of Vienna, uses an 

inhaler attached to the spherical reflector of his air- 

cooled lamp. Half-an-hour after taking a draught con- 

taining one gramme of potassium iodide, the patient 

= “ a . 
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inhales ozone generated by the lamp through the 
mouthpiece of the inhaler, which is plugged loosely 

Fic. 219.—Dr Sorgo’s Apparatus for Irradiation of the 

Larynx with Sunlight or with Rays from the Carbon 

Are Lamp. 

with cotton-wool moistened with a few drops of HCl 
and turpentine. This technique makes use of the fact 
that potassium iodide has a great affinity for ozone. 
The treatment is repeated ts twenty to thirty 
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minutes every other day: the pain and dysphagia are 
often relieved after the first five or six treatments. 

Dr Cemach’s Method makes use of his specially 
designed stand, the ‘“‘ Photostat.” 

The patient lies on his back on a couch, with his 
head projecting partly over the end, his mouth open, 

Fig. 220.—Dr Cemach’s 

and his tongue out. A special hollow metal speculum 
is introduced into his mouth in the exact middle line. 
First the uvula is seen, and then the stand is lowered 

and the speculum is adjusted so that the epiglottis 
becomes visible. The stand is again lowered until the 
larynx can be seen. The lamp itselt 1s now simply 
swung into position and the exposure begins. 

The speculum is easily removed at the end ot 
treatment. Two-minute exposures are given, and 

‘¢Photostat’”’ being used for Direct Irradiation 

of the Larynx. 
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the treatment is continued generally for several 

months. 
All early cases can be cured when the general con- 

dition is good, and 60 per cent. of advanced cases 
with good general condition. 

The blue Uviol filter should be used for exudative 
cases of tubercular laryngitis. All cases of tubercular 
laryngitis should have sanatorium treatment and 
tuberculin injections. 

Renal Tuberculosis.—Ultra-violet radiation is in- 
valuable in bilateral cases. There is often an early 
disappearance of hematuria, a cessation of pain and 
frequency of micturition, and a diminution of pyuria. 

In cases where a sinus remains after nephrectomy 

radiotherapy will generally cause rapid healing, usually 
within two months. 

Tubercular Cystitis—General irradiation should 
be given, and the female bladder can be treated 
locally by means of a special electrode, similar to 
McIntyre’s, but made of fused quartz, and used with 
high-frequency current. 

In male cases, if there is a cystostomy opening the 
electrode can be introduced through it. The symptoms 
of tubercular cystitis are improved in 80 per cent. of 
the cases treated by ultra-violet radiation. 

Tubercular Orchi-epididynutis and Prostatitis.—T wo 
months’ ultra-violet treatment produces a great 
improvement in 75 per cent. of the cases. Secondary 
infection is rapidly controlled. When hydrocele 1s 
present healing is not so rapid. Good results can be 
obtained especially in fistulous cases; the patients 
stand near the carbon arc and hold up the scrotum. 
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Tubercular Salpingitis may be treated by general 
irradiation. 

A Few IvuustrRativE TUBERCULAR CASES 

Case 1. Woman, aged 36, had a large patch of lupus, 
about the size of a hen’s egg, over the right malar 
region, She was given altogether thirty-one general 
applications with the mercury vapour and carbon 
arc lamps, and three local applications with the 
‘“Kromayer’’ lamp. The lesion disappeared completely, 
leaving a very smooth inconspicuous scar. The last 
twelve treatments were given after healing had 
occurred, with the object of preventing any relapse. 

Case 2. Girl, aged 7 years, had had a patch of 
Lupus vulgaris on the right cheek for a year when she 
first came for treatment; it was the size of a shilling. 
The lesion healed perfectly with six applications of 
the “‘ Kromayer ” lamp, but three further treatments 
were given as a precautionary measure. Doses of 
two to ten minutes with a compressor were given. 
There is a pale scar of a lighter colour than the 
remainder of the cheek. The patient was seen six 
months after the termination of treatment, and the 

cheek was normal, but she was instructed to attend 

at regular intervals for examination. 
Case 3. Woman, aged 32 years, had hada lupus 

lesion on the right cheek for thirteen years. The 
patch had been scraped and burned with acid on four 
occasions: it often healed for nine months after the 
operation and then broke down again. Hight applica- 
tions of the ‘‘ Kromayer ”’ lamp, with doses of two to 
ten minutes with compression, caused the lesion to heal. 
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Four further exposures were made. Another patch on 
the lobe of the right ear healed after four treatments. 

Case 4. Male, aged 19 years. When he was seven- 
teen a swelling appeared on the medial surface of the 
left thigh, about an inch above the knee joint. It 
was incised in hospital, but a large tubercular ulcer 

formed, about the size of a bantam’s egg, which did 
not heal. General ultra-violet treatment with the 
mercury vapour lamp was commenced, and the ulcer, 
which had been present for two years, healed in 
six weeks, eighteen treatments being given. It has 
remained soundly healed now for nearly a year. 

Case 5. Boy, aged 34 years. Two and a half years 
ago a swelling appeared two inches above the left 
ankle joint. It was operated on at a hospital, and 
found to be due to tubercular osteitis of the tibia, 
After the operation it healed for a short while, and 
then broke down and formed a discharging sinus. 
General ultra-violet treatment with the air-cooled mer- 
cury vapour lamp was commenced on 28th January 
1926, and the wound had healed soundly on 29th June 
1926, fifty-two irradiations having been given. 

Case 6. Boy, aged 34 years. Tubercular dactylitis 
and osteitis. A swelling of the left ring finger was 
first noticed on 19th December 1924. The bone was 
scraped in hospital on 13th August 1925, and a few 
days later the finger was amputated through the centre 
of the middle phalanx. A lesion that had appeared 
on the right humerus just below the shoulder joint, 
and another on the left middle finger, were scraped 
on 27th October 1925. The surgeon told the mother 
that the left middle finger and the left great toe 
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would have to be amputated, and that ultra-violet 
treatment was of no value at all in a case of this 
nature. 

Actinotherapy was commenced on 22nd December 
1925, and general irradiation with the quartz mercury 
vapour lamp given. The finger healed soundly, and 
there was no further discharge after May 1926. The 
toe healed in July 1926. Treatment has, however, 
been continued since then, and the boy is exceedingly 
well and is rapidly putting on weight. In all, one 
hundred and two treatments have been given, 
which certainly cover a considerable period ; but this 
is well worth while, compared with the mutilating 
operations still performed, unfortunately, only too 
frequently. The multiplicity of the lesions in this 
case 18 another proof that tuberculosis is a general 
rather than a local disease. 

CHAPTER XIII 

ULTRA-VIOLET TREATMENT OF RICKETS 

AND NUTRITIONAL DISORDERS 

Debility —Liabetes mellitus— Acidosis —Gout— Obesity — Acute 
Muscular Rheumatism—Lumbago—Muscular Torticollis— 

Fibrositis—Chronic Rheumatism—Rheumatoid Arthritis 

—Injuries to Muscles, Joints, and Ligaments—Rickets— 

Historical Considerations—Aitiology—Biochemistry—Diet 

and Heredity—Cholesterol—Ergosterol— Vitamin D—Treat- 
ment—Bone Changes—Laryngismus — stridulus—Tetany— 

Fractures —Osteoporosis — Osteomalacia — Osteogenesis im- 

perfecta — Osteomyelitis — Osteitis deformans — Effect of 

Ultra-Violet Nadiation during Pregnancy and Lactation 

Debility.—Actinotherapy is very valuable in the 
treatment of cases during convalescence after infec- 
tious fevers, or after operations, prolonged sepsis, 
severe hemorrhage, or bodily exhaustion. 

Improved appetite generally follows irradiation, 
weight is gained, and patients feel stronger, become 
calmer, and sleep better. | 

Ultra-violet radiation has a valuable prophylactic 
action in preventing the development of tuberculosis 
alter such conditions as pleurisy, pneumonia, and 
repeated attacks of influenza. Twelve to fifteen 
applications to the whole body generally suffice. 

Diabetes mellitus.—Rothman has found that ultra- 
violet irradiation decreases the percentage of blood 

sugar in cases of hyperglycemia, but has no effect 
44.7 
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when the blood sugar is normal. He considers that 

this probably occurs because of a depressor action 

on the sympathetic nervous system. 

Laqueur has found that irradiation of mucous mem- 

brane has the same effect, and thinks that ferments 

may play a part in the reaction, because there is a 

great decrease in the amount of the enzyme diastase 

present in the skin after irradiation. Acetone bodies 

also disappear from the urine. | 

Gaidman also mentions several cases where there 

was a rapid diminution in the sugar content ol the 

blood and urine following irradiation, and all the 

patients with glycosuria whom we have irradiated 

have derived benefit. Weinbren reports that he 

has treated ninety cases of diabetes by means of 

actinotherapy and that he did not find a single case 

‘in which its use was contra-indicated. 

It is advisable to proceed carefully when administer- 

ing ultra-violet radiation to a diabetic patient: the 

dosage should be mild at first, and should be very 

eradually increased. 
The subcutaneous injection of insulin is the method _ 

generally chosen for the treatment of diabetes. 

Ultra-violet radiation is also very useful, but the two 

methods must never on any account be used simul- 

taneously. Irradiation is useful for relieving the 

circulatory disturbances and neuritis that often occur 

in the course of the disease. 
Acidosis is a condition occurring in young children 

where there is nausea, uncontrollable vomiting, and 

ereat prostration, and where acetone can readily be 

detected in the breath and in the urine. The attacks 
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are often cyclical: some disorder of metabolism is 
probably responsible for the condition, and there 
is generally a marked alteration in the hydrogen-ion 
concentration of the blood. Ultra-violet treatment 
is generally most successful in acidosis ; the beneficial 
effect 1s probably due to an increased retention of 
calcium salts in the body, though the action of the 
ultra-violet rays on the sympathetic and endocrine 
systems may also play a part. Pacini has published 
the results of treatment of thirty-four cases of acidosis 
by means of actinotherapy: all showed improve- 
ment, and twenty-eight were cured. We ourselves 
have had very successful results when actinotherapy 
has been combined with the administration of a 
special fat-free diet containing a large amount of 
glucose. i 

Gout.— Ultra-violet rays influence purin metabolism 
and a quickened building up of purin bases follows 
irradiation. ‘There are many theories regarding the 
causation of gout: one is that it is caused by a 
defective functioning of the skin, and another that 
it is due to a deficiency of enzymes. The ultra-violet 
rays certainly stimulate the functional activity of 
the skin and are known to mobilize enzymes, so that 
the benefit that sufferers from gout experience after 
irradiation may be due to these causes. Treatment 

should always be applied generally, but local irradia- 
tion can be given also for the purpose of stimulating 

the absorption of tophi or for the relief of pain in the 
affected joint during an attack. 

Hither the mercury vapour lamp or the carbon arc 
may be used; but the open arc is more useful on 

2F 
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account of its stimulation of the skin and sweat glands. 

A tepid shower bath after irradiation is beneficial. 

The usual dietetic and medicinal treatment must not 

be neglected. 
In chronic cases it is well to give an occasional 

monthly course of general treatment for its prophy- 

lactic effect. — 
Obesity is often due to defective metabolism or 

clandular insufficiency. The hygiene of the skin 

also plays an important part, and since ultra-violet 

rays improve the nutrition of the skin and make it 

healthier, they are very useful in the treatment of 

cases of anemic obesity; but they are a valuable 

adjunct in all cases, because they stimulate oxidization 

processes and increase the vitality of the patients, 

which makes them take more exercise. Bergonie 

treatment and radiant-heat baths may also be used. 

Ultra-violet radiation tends to correct deviations 

from the normal and to restore the balanced rhythm 

of health, so that thin people generally imcrease iD 

weight, owing to the improved muscular development 

that accompanies irradiation, especially with the 

carbon are. 
Acute Muscular Rheumatism, Lumbago, Muscular 

Torticollis, Fibrositis, Chronic Rheumatism, Rheu- 

matoid, Arthritis —These conditions all respond in 

varying degrees to ultra-violet radiation. Pain is 

relieved and movement increased, and even in old- 

standing cases of rheumatoid arthritis some alleviation 

may be expected. | 

General irradiation improves the functional activity 

of the skin, which, as Van Breemen has pointed out, 
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18 generally very sluggish in rheumatic disease ; the 
skin temperature is abnormally low in most of these 

Fic. 221.—A Mobile Water-cooled Mercury Vapour Lamp 
with Self-contained Water-cooling System. (Victor Cor 
poration, Chicago.) 

A, Rheostat Control; B, Tungar Rectifier Bul 
C, Choke Coil; D, Transformer for Robie, E Rete 
for Pump and Fan; F, Fan; G, Radiator with Water 
Reservoir above; H, Water Flow Indicator ; I, Water 
Gi = 5 66 . . 

irculation Pump ; J, ‘‘ Uviarc” Casing. Arrows indicate 
path of flow of water. 

cases, but 1t can be raised for prolonged periods by 
exposure to ultra-violet rays. 
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General irradiation is also valuable as an aid to meta- 

bolism, and for the purpose of raising the bactericidal 

properties of the blood. General hygienic measures - 

and dental, vaccine, and medicinal treatment should 

also be prescribed. Local irradiation of the affected 

part should be carried out; a third-degree erythema 

alleviates the pain and arrests the progress of the 

disease, and if fluid is present it aids its absorption. 

The conjoint use, with ultra-violet radiation, of 

‘nfra-red and luminous rays and diathermy is most 

valuable in rheumatic conditions. 

In many cases of myalgia or muscular rheumatism, 

the production of a severe third-degree erythema over 

the affected area by means of one exposure to the rays 

will often effect a cure. It is rare that more than three 

or four applications are necessary, even in the most 

severe cases. Irradiation is very valuable in cases ot 

rheumatism complicated by heart disease where intense 

heat cannot be tolerated. 

Laqueyx mentions a case of acute gonococcal 

arthritis where irradiation was followed immediately 

by complete cessation of pain. 

Chronic rheumatoid arthritis is very resistant to 

treatment: cure is not expected, but the general 
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The carbon arc should be used in all these cases | | 
because it has the greatest analgesic effect. 

Injuries to Muscles, Joints, and Ligaments.—All 
cases of contusions, sprains, torn ligaments, after 
dislocations, and torn articular cartilages, should be 

FIG. 222.—Children being irradiated in an East London Clinic 
with a “‘ K.B.B.” Mercury Vapour Lamp. 

treated by ultra-violet radiation. <A localized third- 
degree erythema should be produced, and often this 
speedily relieves all pain. It is an ideal way of produc- 
ing counter-irritation in synovitis of the knee-joint 

health can be greatly improved, and pain can be 

relieved and movement increased. Naturally, early 

cases respond better than long-standing cases, and 

sub-acute better than chronic. Acute cases should 

following a torn semilunar cartilage. It is algo ex- 
tremely useful in cases of coccygodynia, where small 
areas around the sacro-coccygeal shoul ie ygeal should be strongly 

always be mildly irradiated in bed, so that all un- 

necessary movement is avoided. Treatment is best 

civen intermittently over a period of several 

months. | 

fibrositis.—Case 7, that of a female, is a typical 
example. She complained of pain over the erector 
Spinze muscle, which had increased in severity for il 
two months until she was almost unable to walk. 
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On the first day radiant heat was given, followed 

by ultra-violet radiation. A smart reaction was set 

up, and great relief was experienced immediately. 

After seven subsequent exposures to the rays, given 

thrice weekly, the pain had disappeared. | 

We have treated various cases of indefinite pains 

of a “rheumatic” nature, and these have generally 

responded to radiation. 

Rickets.—Special attention has been devoted in this 

book to the consideration of the etiology and treat- 

ment of rickets, seeing that itis a brillant example of 

a disease in which ultra-violet radiation has a specific 

action. 
Historical Considerations.—Rickets is by no means 

a modern disease, but it is only in comparatively recent 

years that it has been recognized as a clinical entity ; 

formerly it was considered merely as a symptom of 

general weakness arising from some other condition. 

References have been found in the writings of a Roman 

physician (Soranus Ephestus, A.D. 98-138) to the preva- 

lence of rickets in Rome and its suburbs, and it 18 

well known that the hygienic conditions of the Roman 

working and poorer classes were, at that time, very bad. 

On the other hand, no signs of rickets have been 

found in ancient bones disinterred in America, Keypt, 

and South Africa, but it must be remembered that 

industrialism did not develop in these countries until 

a much later date. 

Glisson, in 1650, was the first to describe rickets as 

a, separate disease, and much later, towards the end 

of the nineteenth century, Osler described it as a dis- 

ease of infants characterized by impaired nutrition of 
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the whole body, associated with certain alterations in 
growing bones. Osler, however, considered that the 
primary lesion was actually in the bone elements them- 
selves. It was the late Dr T. A. Palm who, in 1890 | 
first expressed the opinion that rickets was a ‘ Henne 
of darkness,” the lack of sunshine disorganizing the 
metabolism of the whole body. 

In 1922 Lawson Dick said: “‘ Rickets is the com- 
monest disease of children in our large towns and 
probably the most serious factor interfering with the 
efficiency of the nation.” The distribution of rickets 
throws a good deal of light on the nature of the disease. 
It 1s most common in thickly populated areas, especi- 

ally in large manufacturing cities where there is much 
atmospheric pollution by smoke; when it is found 

m rural districts it is in places where the climate is 
particularly wet and cloudy. Geographically the whole 
of Kurope, excepting the extreme south, is subject 
to the disease, and in America it is rife in all densely 
populated areas. As a rule the abundance of sunlight 
in the Far Kast and in the Southern Hemisphere 
appears to counteract bad hygienic conditions and 
poor food, and when rickets does occur in these parts 
it is always of a mild character. : 

The Astrology of Rickets.—It is generally recognized 
at the present time that lack of sunshine is the essential 
cause of rickets. The disease is most commonly found 
in dark, squalid slums, but it is sometimes present 

also among children of the better classes when 
nurseries are dark and the children remain indoors 
for the greater part of the day, and when insufficient 
attention is paid to diet. 
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The question that now arises is: In what way does 

the deprivation of sunlight cause rickets ? Before 

answering this question we must first consider the 

chemical composition of bone and the pathological 

factors that interfere with its formation. Normal 

bone contains 11 per cent. of calcium oxide and 

8-58 per cent. of phosphorus pentoxide. Brubacher 

found, in 1890, that the femur of a child of four 

years suffering from rickets contained only 2°74 per 

cent. of CaOvand 1-97 per cent of PiO,; the tat 

was also reduced, but the water was increased. 

There is almost always a deficiency in the amount 

of these minerals present in the bones of patients 

suffering from rickets; but their ratio to one another 

remains approximately constant. The essential patho- 

logical change in rachitic bones has been found to be 

a cessation or retardation of the deposition of calcrum 

in newly forming bone or ossifying cartilage. Histo- 

logically, the bone is imperfectly calcified in’ these 

situations. The greatest amount of osteoid tissue is 

present in rapidly growing rachitic infants who are 

active and running about. 7 

Schabad (1910) found, on comparing the intake and 

output of calcium in the early progressive stage ot 

rickets, that a negative balance was almost invariably 

the rule ; he also noticed that in the later stages, when 

the condition was marked but the softening of bone 

had ceased, there was a zero or slightly positive balance, 

and that during healing there was usually a marked 

positive balance. — ae 

Many workers have detected a negative calcium 

balance in apparently normal infants ; this condition 
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has been found to be an incipient stage of the disease 
and the usual rachitic symptoms have invariably 
followed later. | 

Schabad and Orgler have remarked that “ An 
increased calcium intake in the diet of rachitic 

children at the progressive stage does not cause 
any increased retention of calcium.’ If rickets were 
due to calctum starvation—+.e. an insufficient intake ~ 
of calctum—it would be relieved by increasing the 
amount of calcium taken by the mouth. Telfer 
showed that the absorption of calcium is dependent 
on the free acid in the gastric juice, which dissolves 
the calctum salts that are present in the food. 
Absorption is normally restricted by the alkaline 
reaction of the intestinal tract, and the calcium 

is precipitated as an insoluble calcium phosphate. 
The fixation of calcium influences the fixation of 
phosphorus, and if the calcium balance is low the 
phosphorus balance is low also. In some way ultra- 
violet irradiation causes an increase in the amount 
of calcium absorbed from the alimentary tract for a 

given intake. 
The concentration of calcrum and phosphorus in the 

blood has also been studied, and although the evidence 
indicates that rickets is frequently associated with a 
lowered inorganic phosphate content in the blood, this 
is not a specific condition (Hess and Unger). Blood 
contains, in addition to lipoid phosphorus and in- 
organic phosphate, a certain amount of combined 
phosphoric acid, which is readily hydrolysed by boiling 
with acids. The amount of this phosphoric acid in 
normal plasma is much higher in very young infants 
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than in adults. It appears that some ester of phos- 
phoric acid soluble in acids is present in small amounts 
in the plasma and in relatively large amounts in the 
corpuscles. Robison and his co-workers have shown 

that an enzyme present in ossifying cartilage 1s 

capable of hydrolyzing the phosphoric ester, which 
in turn brings about the deposition of sparingly — 

soluble calcium phosphate. This enzyme Robison 

terms phosphoric esterase, and it is present in ossitying 
cartilage, in bone, and in the teeth. He suggests that 
the enzyme present in bone is concerned in the pro- 

cess of ossification by effecting the hydrolysis of the 

phosphoric esters contained in the blood, thus bringing 
about a local increase in the concentration of 1n- 

organic phosphate ions, so that the product of concen- 

trations of phosphate and calcium ions becomes greater 

than the soluble product of calcium phosphate, which 

is therefore deposited in the solid state. Actually, 
however, the process is not so simple, because the solid 

deposit is a complex basic phosphate. 
It would appear from the results so far obtained 

that defective calcification is not due to any de- 

ficiency of inorganic phosphate, or of the specific 

phosphoric ester in the blood, or of the enzyme in 
the bone by which the ester is hydrolyzed. 

Considerable research has been carried out and 1s 
still in progress on calcium metabolism from the 

chemical standpoint, but the problem is receiving 
attention from other aspects with some measure ot 
SUCCESS. : 

Experiments show, for example, that a supply ot 
radiant energy facilitates the deposition of the basic 

NUTRITIONAL DISORDERS 4.59 

calctum phosphate of bone; of the exact mode of 
operation nothing definite is known at present, and it 
is not improbable that both chemical and physical 
factors will be found to be involved in the solution of 

the problem of defective calcification. 
The application of radiant energy may stimulate 

chemical processes directly or may produce the con- 
ditions necessary for their occurrence. The energy 
supplied may act as a direct stimulus to the ossifying 
enzyme, or May increase ionization, or bring about 
such local changes as will facilitate hydrolysis of the 
phosphoric ester. Another theory of rickets that has 
received considerable attention lately is the “ acidosis 
theory,” which suggests that lack of sunlight and 
errors in diet bring about a condition in which the 
ingested food is insufficiently oxidized and does not 
produce the normal end-products, carbon dioxide, 
water, and urea, but gives rise to the creation of large 
acid molecules in the organism. This results in an 
acidosis, and is compensated at the expense of the 
alkaline reserves of the blood—e.g. sodium, potassium, 
ammonia and, later, calcium salts; in this way in- 
sufficient calcium is available for bone formation. 
This is ameliorated by any metabolic stimulus, such as 
ultra-violet radiation. 

Det and Heredity.—It is well established that diet 
plays an important part in rickets, and the chief factor 
has been proved to be vitamin D, which is fat-soluble 
and is found in butter, milk, egg yolk, cod-liver oil, 
and the like. 

Professor Mellanby, in 1918, produced rickets in 
puppies by feeding them on a diet deficient in fat- 

———— = 
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soluble vitamins, and proved that this disease could 
be both prevented and cured by the addition of these 
vitamins to the food. 

Cod-liver oil is the most valuable natural source of 
vitamin D, and it is sometimes asserted that daily 
administration of it will prevent and cure rickets. 
This is a debatable point, and the results of cod-liver- 
oil treatment have in fact proved to be uncertain. 
May G. Wilson found, when treating forty-seven 
infants as out-patients, that daily doses of one to 
three teaspoonfuls of cod-liver oil failed to prevent 
the development of rickets in 68 per cent. of the 
cases. We ourselves have often known this method 
of treatment fail. One reason for the failure may be 
that in the last few years a new method of preparing 
the oil has been introduced. The livers are. crushed 
by machinery now and, as a result, the crude oil 1s 

very turbid and much discoloured. To clarify it, 1t 
is filtered through a special mineral earth, but this, 

unfortunately, has the effect of removing the vitamin. 
Fish obtain vitamins from diatoms and plankton 

growing on the surface of the sea. These substances 
probably cause the wonderful phosphorescence that 
can often be seen on the sea during very dark nights. 
They have the power of elaborating vitamins from 
the sun’s rays. The cod stores these vitamins in its 
liver, which thus acquires its value as an anti-rachitic 
medicament. 

It is an interesting fact that although Laplanders 
live in darkness in the Arctic regions for six months 
of every year they do not suffer from rickets, because 
their chief article of diet is pure fish oil. 
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The vitamin appears to act by causing the mobiliza- 
tion of more calcium in the body. In milk fat a second 
vitamin (A) is present, which influences the growth 

of the organism. ‘It is present also in fresh fruit 
and vegetables, and it comes into milk from the fresh 
greenstufi contained in the diet of the animals that 
produce it. If cows are kept in darkness and fed on 
greenstufi, their milk contains this vitamin, but is 
deficient in vitamin D. If, on the other hand, the 
cows are exposed to sunlight, but no green food 
is given to them, vitamin D will be present in and 
vitamin A absent from the milk; young animals fed 
on it would eventually die, but no evidence of rickets 
would be found. 

Ultra-violet radiation has a still more certain pro- 
phylactic and curative effect on rickets than the oral 
administration of substances containing vitamin D, 
and it is probable that the rays, which have very 
little power of penetration, act photochemically on 
the sterols present in the hair and in the superficial 
layers of the skin, and so produce vitamin D. 

Hess and Weinstock irradiated human skin after 
it had been removed from the body, and added it 
to the food of rats that were being fed on a rickets- 
producing diet. ‘These rats did not develop rickets, 
whereas the controls did. They further found that 
if the irradiation of the skin is too prolonged a sub-_ 
stance is*finally produced that has no anti-rachitic 
properties. The time necessary for the activation of 
cholesterol is from one-half to three hours, and this 
period should not be exceeded. 

If chemically pure cholesterol (C,,H,,O) is irradiated 
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portions of the cholesterol and that it belongs to the 
group of unsaponifiable sterols. The provitamin is 
unsaturated, and if cholesterol, which contains the 
provitamin, is hydrolyzed, it loses its antirachitic 
power entirely. Cholesterol contains j, per. cent. of 
the provitamin. When the spectrum of irradiated 
cholesterol is examined it is found that it differs in 
some respects from the spectrum of non-irradiated 
cholesterol. Certain absorption areas have disap- 
peared, proving that irradiation has chemically altered 
some substance that caused the absorption in the 
non-irradiated cholesterol. In rachitic rats definite 
curative effects have followed the daily administration 
to each of so minute a quantity of irradiated ergosterol 
aS rovc00 OL a milligramme. Krgosterol (GEE O} sah 

_ may be concluded, represents the provitamin and is an 
isomer of irradiated ergosterol, which is the vitamin. 
It is an interesting fact that ergosterol fluoresces when 
exposed to ultra-violet rays passed through an oxide- 
of-nickel filter, whereas irradiated ergosterol shows 
no fluorescence. Many substances have been found 
to contain the provitamin—yeast, linseed oil, and 
cotton-seed oil being examples; they all become anti- 
tachitic after irradiation with the quartz mercury 
vapour arc and this action is not lost by subsequent 
boiling. | 

Recently it has been suggested that the oral ad- 
ministration of irradiated oils containing a large per- 
centage of vitamin D should prove much simpler and 
cheaper than the exposure of the body to ultra-violet 
radiation. The formation of vitamin D, however, is 
only one of the beneficial effects following irradiation, 
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and amongst others that could be mentioned are the 

powerful bactericidal action of the rays, the produc- 

tion of antibodies, the stimulant effect on the central 

nervous system, and the tonic and nutritive action on 

the skin itself. Is it, therefore, reasonable to discard — 

lightly the proved value of direct irradiation and 

substitute the oral administration of substances 

containing vitamin D, the production of the vitamin 

‘n the human body being only one of the benefits 

attributable to ultra-violet irradiation ¢ 

Steenbock and Black have shown that the exposure 

of a rat’s food ration deficient in fat-soluble vitamin 

to ultra-violet rays caused it to become activated so 

that it produced. satisfactory orowth and calcification 

of bone. 
| : 

S J. Cowell has been able to demonstrate similar 

effects in children suffering from rickets. ‘T'wo 

rachitic children were given milk that had been 

exposed twice daily to ultra-violet rays in a wide, 

shallow dish for twenty minutes at a distance of three 

feet fromthe lamp. A control case was oiven untreated 

milk. X-ray photographs otf the wrist were taken 

before and after one month's treatment. The two 

radiographs of the control case showed that hardly 

any difference had taken place during the month, but 

those of the children fed on irradiated milk indicated 

a marked improvement in calcification. 

Gimilar results have been obtained by irradiating 

dried milk for half-an-hour in thin layers one toot 

from the lamp. Subsequent boiling does not destroy 

the anti-rachitic property of irradiated foods. 

Treatment.—Exposure to some source of ultra-violet 
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ao 1s undoubtedly the most satisfactory method 
e curing rickets. The quartz mercury vapour are 
amp 1s certainly the most convenient, especially f 
the treatment of young children. — a 

Dr Theobald Adrian Palm, in 1890, was the first 
to recommend natural sunlight in the eat 

rickets, and Huldschinsky’s brilliant discovery in 
1919 proved beyond all doubt, by means of Xray 

_ photographs taken before and after treatment, that 
the eomelnaton could be cured by approximately twenty- 

<cemeti exposures to the mercury vapour lamp 
the treatment 1s given thrice weekly this takes onl , 

a little over two months. = 
It has been found experi 7 perimentally that the rays i 

natural sunlight that accomplish the cure of Ha: 
oi ote es wave-lengths between 3022 A and 

, and in the mercur 
between 3022 A and 2654 A. oo 
; General irradiation ot the whole body gives the 
est results, beginning with two-minute exposures of 

the back and front of the body at thirty-six inches — 
. ae ee vapour lamp and gradually in- 
a." e e exposure until fifteen minutes of both 
ack an front are given at twenty inches dista 

either daily or on alternate days. In rick ae 
tetany 1t 1s not necessary to induce erythem ny 
bring the lamp very close to the see a. 
ow advises that the irradiation should 
be continued for as many months as the child’s 
In years, and that there should then be a m nth 
without treatment, followed by final treatment baer 
another month. a . Other workers consider that two 



466 ULTRA-VIOLET RADIATION 

months’ treatment is sufficient even for the severest 

case, and we have found this to be so in our own 

Fic, 224,.—‘‘Victor’ Combination Air-
cooled 

and Water-cooled Quartz Lamp Outfit. 

This can be used when no regular water 

supply is available. 

practice. | 

pletely cured, and will never return. 
After the course the condition 18 com- 
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All the symptoms that characterize rickets tend 
to disappear rapidly. The catarrhal condition of the 
lungs, the stomach, and the intestines, soon clears 
up, the appetite improves, and the weight is increased. 
One of the most obvious changes that occur after 
the first few irradiations is the alteration in the 
disposition of the child. A cross, fretful infant be- 
comes happy and playful. In practically every case 
of rickets there is marked irritability; this is due 
often to digestive troubles, to tenderness of the limbs, 
or simply to the general “* poorly ”’ condition. 

Calcium is a nerve sedative, and if the amount 
in the body is insufficient fretfulness and irritability 
develop, often leading to carpopedal spasms, to 
Laryngismus stridulus, and even to convulsions, which 
are so often seen in ill-nourished, rickety children. 

The atonic condition of the muscles found in 
children suffering from rickets, and associated with 
tenderness of the limbs, is due partly to low calcium 
content of the serum and partly to deficiency of 
phosphorus, leading to diminished conductivity of the 
nerve fibres supplying the muscles. 

Another symptom that responds well, but rather 
more slowly, to actinotherapy is the anemia. The 
red cells and their hemoglobin content gradually 
increase, and become normal by the end of two or 
three months. 

Bone Changes.— The epiphyseal enlargements 
quickly subside, and by the aid of X-ray photographs 
several changes in the bones themselves may be 
noticed. The general fluffiness and swelling round 
the epiphyses disappear, the epiphyses themselves 



468 ULTRA-VIOLET RADIATION 

become clearly defined, lime salts are deposited in the 

shafts of the long bones, and cupping of the diaphyses 

disappears. New, yet very distinct, centres of os- 

sification, which were not present before treatment, 

begin to appear. Children who have been unable to. 

walk soon get the use of their feet and are able to 

yun about quite normally. Bony deformities, such as 

bow legs, often disappear in children under two and a 

half years of age. Craniotabes oradually disappears. 

Huldschinsky maintains that “ the prophylactic 

treatment of rachitis ought to be introduced as uni- 

‘versally as vaccination against smallpox. Every child, 

whether it shows any symptoms of rickets or not, 

should during its first year be exposed for at least 

a month to ultra-violet rays. If this be done there 

are prospects of seeing rickets as a disease disappear 

entirely. Cases of rachitis ought not to occur in any 

well-administered community.” 

If this were systematically carried out in hospitals 

and clinics there would be a considerable decrease in 

infant mortality from pneumonia, diarrheea, convul- 

sions, and so on. Bow legs, kyphosis, scoliosis, and. 

many other crippling conditions, would be unknown ; 

maternal mortality at childbirth from flat and de- 

formed pelvis would be greatly decreased, and the 

general health of the race would be improved. 

It has been shown by work done at the out-patient 

department of the Children’s Hospital, Boston, U.S.A., 

that acute rickets can be readily cured by ultra-violet 

radiation given in an out-patient department thrice 

weekly for two months. It is not necessary to use any 

anti-rachitic medication. Drs Wyman and Weymuller 
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also found that of four hundred babies between the 
ages of three and eight months who were attendin 
the out-patient department, and who had _ not aa 
cod-liver oil, 95 per cent. had rickets, and, further 
that 100 per cent. of the negro and Ttalian children 
were affected before they were eight months old. In 

eae over 50 per cent. of all cases between 
e ages of six months and three year ing 

the Motherwell Child Welfare cits in ae ne 
showed some osseous sign of rickets. 

The functional nerve disorders, tetanic carpopedal 
spasms, Laryngismus stridulus, and spasmophilia, react 
quickly and very favourably to ultra-violet acation 
Speaking of spasmophilia, Cameron says that sunlight 
and the mercury vapour lamp are quickly curative 
in most cases. In tetany the calcium content of the 
blood serum is always found to be below the normal 

Convulsions are of reflex origin, and are generally 
due to such causes as dentition, constipation, or 

some other form of irritation, which would have no 
ill effects in a normal child, but which provoke con- 
vulsions in rickety children owing to the decrease of 
calctum in the blood and the increased excitability of . 
the nervous system. Two or three exposures to the 
mercury vapour lamp are often sufficient to prevent 
the occurrence of this alarming symptom. 

Delayed dentition is another manifestation of | 
rachitis that may be rectified by ultra-violet radia- 
tion, and we find that children who have had this 
treatment for any condition have very little disturb- 
ance or pain when cutting teeth. Altogether, the 
results that can be obtained in treating rickets with 
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ultra-violet radiation are so striking that no difficulty 
has ever been experienced in getting parents to bring 

their children for treatment, even though in doing so 
they have been put to a great deal of trouble and 
inconvenience. © : | 

If rickets is treated early enough no permanent 
bone deformities need be anticipated. With older 
children who already have shaft deformity the prob- 
lem is more difficult, especially because it is almost 
impossible to get children living at home to wear 
suitable corrective apparatus. Osteotomy seems the 
only procedure in these cases. This can be done while 
irradiation is being carried out. Usually the fractures 
in the bones are soundly healed in four weeks, allowing 
the splints to be discarded at the end of this time. 

Huldschinsky says that operation should be avoided 
in Rachitis florida, because it may bring on tetany. 
He advises a thorough examination of the nervous 
system in all rachitic cases before operation. 
We have had an opportunity of treating several 

cases of rickets, some of which were of the florid type 
with active joint lesions, accompanied by marked 
metaphyseal enlargement and deformity of the long 
bones, and associated with all the usual symptoms 
of this condition—namely, prominent abdomen, 
bronchitis, diarrhoea, etc. We took a series of X-ray 

photographs of the wrist, ankle, knee, and elbow 
joints, before, during, and at the end of treatment. 

The radiograms taken before treatment showed the 
presence of marked florid rickets, characterized by 
great enlargement of the epiphyseal areas, which were 
indistinct, and by cupping of the lower ends of the 

SE 

x - 
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metaphyses, with irregularity and poor definition. 
There was also rarefaction of the shafts and slight 
periosteal thickening. The photographs taken after 
only five weeks’ treatment showed a wondertul differ- 
ence, with increased metaphyseal definition, clearly 
marked epiphyses, and the absence of cupping. This 
proves indeed that rickets is essentially a ‘‘ disease 
of darkness.” Ultra-violet radiation has won its 
place in therapeutics, if only for its wonderful power 
in this disease. 7 

Case 8. A boy, aged 34 years, was a typical case. 
He was the second youngest of a family of twelve, six 
of whom were living, and three of whom were suffering 
from rickets. At the commencement of treatment he 
weighed 1 st. 9 lb., had never walked, and talked very 
badly. He suffered from bronchitis and diarrhea, 
and was very fretful. After the first few applications 
of the rays the bronchitis and diarrhoea cleared up, 
he ate and slept well, and played about with his 
toys. Before this he had been given cod-liver oil for 
several months without any noticeable effect, but 
the almost immediate improvement with ultra-violet 
radiation was most marked. The child was breast-fed 
until six months old, and then had a well-known brand 

of infants’ food until he was a year old, after which 
he had food with the rest of the family, which would 
not be very nutritious, seeing that the parents are 

Fic, 226,—X-ray Photographs of Ankle of a Case of Rickets = Poor: At sixteen months of Nee he was beginning 

(Case 37), which prolonged administration of Cod-Liver ; to walk, when he developed measles, and made no 
Oil failed to cure, but which rapidly yielded to Pate relat | further attempt to walk. He was treated ata clinic for 

Treatment. Before the commencement of Actinotherapy, ; Bn th eH Oricon’ wien bene fit, 

the child, though aged 34 years, had never walked. 

A, Taken before commencement of Ultra- Violet Treatment ; and when we saw him marked deformity wae present. 

B, Same, two months later. 

\ 
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He was wearing splints to counteract this as tar as 

possible and to prevent its increase, but dithculty 
was experienced in getting him to keep them on 
at home. 

After the first two or three weeks the bronchitis 

and diarrhcea had completely cleared up, and the 

child was much brighter. 
At the end of treatment he was almost normal, 

talking well, and playing and running about with 

other children. Examination of the bones by X-rays 

proved that the rickets was completely cured. When 

seen eighteen months later he was strong and well, 

with no bony deformity. 
Banks mentions a very interesting case of a girl 

eight years of age who was suffering irom very severe 

rickets, with marked deformity of the head, trunk, 

and limbs, and who had never been able to walk. 

Three weeks’ treatment with ultra-violet irradiation 

made this child able to rise to her feet ; in another 

three weeks she could walk about without assistance ; 

and at the termination of the treatment she was 

running about and playing with normal children of 

her own age. 
Bone Lesions.—Ultra-violet radiation is very useful 

in many bone diseases, because it increases the 

amount of calcium in the blood and therefore leads 

to a greater deposition of lime salts in bone. 
Fractures. — Actinotherapy is invaluable in the 

treatment of fractures of bone, caused either sur- 

gically or by trauma, especially in compound fractures, 

which go often become septic. Irradiation aids the 

extrusion of sequestra and healing of sinuses. At the 
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Royal Free Hospital, London, there has not been a 
single failure to secure union in any of the four thou- 
sand cases of fracture that have been treated during 
the last five years. 

Osteoporosis, which often occurs after ee or 
during illness, owing to disuse of the bones, can also 

be prevented. 
Osteomalacia is essentially due to a deficiency of 

calctum in the blood during pregnancy, and results in 
the falling out of the hair, the loosening of the teeth, 
and the softening of the bones of the mother, and 
foetal rickets (achondroplasia) in the child. Both 

these conditions can be avoided by means of antenatal 
ultra-violet radiation. 

Osteogenesis vmperfecta is a disease in which the 
bones are exceedingly brittle, so that fractures result 
from the slightest mjury. It can be improved by 
actinotherapy. 

Osteomyelitis cases do well with ultra-violet radia- 
tion, especially after they have been operated on. 
Bernhard and Rollier have had exceedingly good 
results with heliotherapy. 

Osteitis deformans (Paget's Disease).—We have had 
very satisfactory Improvement in some recent cases 
of this rather uncommon disease. The spongy cede- 
matous condition of the tibiz soon show marked 
amelioration. 

In all these cases general irradiation is necessary. 
Calctum should also be given orally, and small doses 
of parathyroid gland extract are often beneficial in 
conjunction with actinotherapy. 

Case 9. Male, aged 55 years, suffering from Osteitis 
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deformans. The condition was first diagnosed three 
years ago, when he was being X-rayed for a fractured 
clavicle, but undoubtedly it had been going on for 
some years previous to his accident. 

There is two inches shortening in height and con- 
solidation of the lumbar vertebre into a rigid bony 
column. ‘There is a curious fold in the skin of the 
abdomen which passes through the umbilicus. 

Before commencing treatment there was wasting of 
both groups of gluteal muscles, and a boggy swelling 
of the upper third of the left tibia and the middle of 
the shaft of the right humerus. | 

The condition has yielded wonderfully to ultra-violet 
radiotherapy ; the deformity, of course, persists, but 
the spongy condition of the tibia and the humerus | 
soon disappeared, and it is now impossible to get any 
pitting on pressure over either of these bones. 

General treatment was given for several months 
with the air-cooled mercury vapour lamp, the ordinary 
dosage being used. 

The kffect of Ulira-Violet Radiation during Preg- 
nancy and Lactation.—Actinotherapy is invaluable 
during pregnancy. The increasing demands of the 
erowing foetus upset the calcium metabolism of the 
mother. It is sometimes suggested that this calcium 
deficiency is responsible for eclampsia, because in this 
condition the blood calcium is extremely low. 

Kehrer has noted a marked fall in the blood calcium 
during the later part of pregnancy. Pacini has found 
that ultra-violet radiation dispels the tetanic or 
convulsive symptoms that sometimes occur towards 

the end of pregnancy and that he considers to be the 
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precursors of eclampsia. The general health of the 
mother is also benefited and metabolism is increased, 
and thus the risk of constipation and auto-intoxication 
is diminished. . 

The value of antenatal irradiation to the fcetus is 
equally important, since even a slight diminution in 
the blood calcium of the mother may be detrimental 
to the child, causing the so-called rachitic diathesis. 
Aiter birth this may lead to various symptoms, such 
as badly developed bones, irregular eruption of teeth, 
which rapidly decay, and a tendency to the develop- 
ment of florid rickets, with its attendant symptoms. 
_ Achondroplasia, as already mentioned, is another | 
manifestation of calctum deficiency in the fostus. The 
condition is due to an abnormal development of the 
foetal skeleton characterized by undersized limbs, 
attributable to the premature union of the epiphyses 
of the long bones. 

If the infant. is irradiated with the mercury vapour 
lamp after birth improvement takes place, and the 
skeleton becomes more normal in appearance, 
A case is recorded where the condition was diag- 

nosed at the eighth month of pregnancy by means of 
A-rays. The mother was irradiated for fourteen days 
before delivery and the infant was practically normal. 

General irradiation should be commenced about 
the beginning of the third month of pregnancy, and 
weekly applications should be given at first; later 
exposures can be made twice or thrice weekly. 
An interesting fact, which Professor Mellanby has 

discovered, is that an excess of certain cereals has the 
effect of actually causing rickets in borderland cases. 



A'78 ULTRA-VIOLET RADIATION 

He considers that many cereals contain a rachitic 

antivitamin, which is present in the saponifiable 

part of the fat of the cereal. He also says that 

the ingestion of oatmeal, which is the worst cereal in 

this respect, during pregnancy and lactation, and by 

young growing children, is very harmful when other 

conditions favour rickets. This property of cereals, 

however, is easily counteracted by the administration 

of cod-liver oil, egg yolk, or milk fat. 

The milk of many mothers of the poorer classes, 

especially in industrial districts, has very little anti- 

rachitic value, and this accounts for the number of 

cases of rickets in breast-fed infants. If the mother 

is exposed to ultra-violet radiation during lactation 

the anti-rachitic properties of the milk are greatly 

increased, and rickets in the child 1s prevented or 

cured, as the case may be; incidentally, there 1s 

generally an increased yield of milk. 

Adolescent Rickets, Tetany, and Amenorrhaa.— 

Case 10. Girl, aged 22 years, who had been unable to 

walk for several years. In 1916, when 11 years of age, 

she had severe attacks of diarrhea. A diagnosis of 

tubercular peritonitis was made, and, later, tetanic 

contractions added to the sufferings of the patient. 

The condition became chronic and she was wheeled 

in a bath-chair for several years. We first saw her 

in May 1926. She was very badly developed, with 

marked lordosis, and was unable even to stand. 

Tetany was very marked and painful. She com- 

menced general ultra-violet radiation on 18th May 

1926, and the tetany entirely disappeared after the 

fret six treatments. During Christmas week, 1926, 
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‘She was able to walk a few steps without assistance. 
Her exposures were reduced from three times weekl 
to once weekly, and she gradually became stron - 
so that in the summer of 1927 she was able to av 
over the management of a poultry farm, which she ce 
been able to look sien ok alter since without any untoward 



CHAPTER XIV 

ACTINOTHERAPY IN THE TREATMENT OF 

DISEASES OF THE BLOOD, THE DUCT- 

LESS GLANDS, AND THE CIRCULATORY, 

NERVOUS, RESPIRATORY, AND ALI- 

MENTARY SYSTEMS 

Aneemia—Chlorosis—Leukemia—Purpura—Hem ophilia—A flec- 
tions of the Endocrine Glands—Circulatory Disorders— 

Hyperpiesis — Diseases of the Heart— Angina Pectoris— 

Peripheral Circulatory Disorders — Raynaud’s Disease 

— Diseases of the Central Nervous System — Ultra-Violet 

Radiation in Mental Disorders— Neurasthenia — Chorea 

—- Epilepsy — Paralysis agitans — Encephalitis lethargica 

—Anterior Poliomyelitis— Peripheral Nerve Diseases — 

Neuritis — Neuralgia—Spasmodic Torticollis. Lespiratory 

Disorders : Asthma — Bronchitis — Bronchiectasis — After- 

effects of Poison Gas—Empyema—Emphysema—Laryngis- 

mus stridulus—Pneumonia: Broncho- Lobar- Post-Influenzal 

—Pleurisy—Pleurodynia— Whooping Cough. Disorders of the 

Alimentary System: Dyspepsia—Gastric Ulcer—Constipation 

—Diarrhcea—Functional Disorders of the Gastro-Intestinal 

Tract — Abdominal Adhesions — Cirrhosis of the Liver — 

Cholecystitis — Jaundice— Hemorrhoids— Fistulee— Ultra- 

Violet Radiation in Infectious Diseases 

DISEASES OF THE BLOOD AND DUCTLESS GLANDS 

Anemia (secondary, pernicious) ; Chlorosis ; Leuk- 
cenia.—Improvement in cases of anzemia could 
be expected from actimotherapy when the biological 
effect of ultra-violet radiation on the blood is 
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considered. Finsen carried out interesting experiments 
on the seasonal variation in the number of red blood 
corpuscles and in their hemoglobin content. Eixpert- 
menting with twenty persons, he found that the red 
blood corpuscles and hemoglobin increased progres- 
sively throughout the summer months and reached 
a maximum at the beginning of the autumn, From 
then onwards there was a regular decrease, which 
continued until the beginning of spring. More recently 
a valuable experiment has been performed at a home 
for delicate children at Honley. Thirty-one cf these 
children were given ultra-violet irradiation, and thirty- 
one others were not. The irradiated children showed 
an increase in hemoglobin of 8-2 per cent. compared 
with an increase of 6-7 per cent. in the non-irradiated 
children. Again, those receiving ultra-violet radiation 
showed an increase of nearly 400,000 red blood cor- 
puscles compared with 58,600 in the children not 
recelving treatment—z.e. the red blood corpuscles of 
the irradiated children increased nearly seven times 
as much as those of the non-irradiated. Cases of 
secondary anemia, following hemorrhage, or acute 
illness, and accompanying rickets, or pretubercular 
conditions and nephritis, do exceptionally well with 
general light baths. Chlorosis is now a rare disease, 
probably on account of the more hygienic and 
rational clothing worn by the modern girl. Ultra- 
violet radiation rapidly clears wp the chlorotic condi- 
tion. Splenomedullary leukeemia, and even pernicious 
anemia, can, Mn a certain measure, be benefited by 
irradiation, but medicinal, hygienic, and dietetic treat- 
ment must not be neglected. This applies particularly 

2H 
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to the last-mentioned, and wonderful results have been 
obtained in pernicious anemia with the “liver diet ”’ 
of Minot and Murphy. We have, however, known a 
case where sensitization apparently occurred when 
the patient was on the liver dietary, and irradiation 
was followed by an intense urticarial reaction. 

The air-cooled lamp or preferably the carbon arc 
is used, and general exposures are given to the whole 
body. The Dosage Tables on pages 378 and 397 
should be followed. 

The good results obtained in cases of chlorosis are 
due probably to the indireet disinfection of the ali- 
mentary tract, and the aid given to the absorption of 
iron, which should be given by the mouth during the 
treatment. There is an increase both in the number 
of red blood corpuscles and in the amount of heemo- 
globin. “The general health improves, the colour 
returns, headache is relieved, the appetite becomes 

normal, and consequently the weight increases. 
Before the introduction of the “liver diet” we 

treated several cases of pernicious anzemia with ultra- 
violet radiation and were able to bring about shght 
progressive increases in the number of red cells. The 
patients felt much better for the treatment, and in 
some cases were able to attend work again. They 
were also relieved of vomiting and other stomach 
symptoms, and their weight increased. The glossitis 
so often present can be rapidly remedied by local 
irradiation of the mouth. 

While realizing that pernicious anemia is a disease 
characterized by remissions, there is no doubt about 
the beneficial effect of ultra-violet radiation. The 
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value of open-air sunlight treatment in these cases 
has never been disputed. Now, however, the “liver. 
diet’ should always be the treatment of choice, but 
irradiation can play a part too, particularly when the 
special diet is no longer being taken. 

Some cases of leukemia have been successfully 
treated with actinic radiation. The administration 
of X-rays to the spleen, in conjunction with general ir- 
radiation with the air-cooled lamp, has been advised. 

Murray mentions a case of splenic anemia that 
responded very well to ultra-violet treatment; the 
spleen became much smaller, and the patient increased 
nine pounds in weight. | 

Purpura ; Heemophilia—Purpura and hemophilia 
have both been successfully treated with actinic rays, 
the beneficial action being probably due to the fact 
that the rays increase the calcium content of the 
blood, and calcium is essential for the clotting of 
the blood. 

Lhe Endocrine Glands (affections of).—There is no 
doubt that ultra-violet radiation has a stimulating 
effect on the secretion of certain of the endocrine 
glands. This is thought to be a reflex action due to 
the stimulation of the nerve endings in the skin. 
We have given ultra-violet radiation treatment, 

with satisfactory and definitely successful results, to 
a case of hypothyroidism, accompanied by physio- 
logical swelling of the gland, and Dufestel has had 
similar results. The rays undoubtedly stimulate 
thyroid and pituitary secretion, the activity of the 
parathyroids appears to be increased, and the sexual 
glands are also stimulated by irradiation. General 
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ultra-violet radiation is useful in relieving the as- 
phyxial crises that sometimes occur where there is 
hypertrophy of the thymus gland. | | 

Hypothyrovdism.—Case 11. The patient was an 
unmarried lady, 36 years of age. The condition 
had begun about twelve months previously, with a 
feeling of listlessness and exhaustion. There was sore- 
ness and tightness over the thyroid area, and some 
swelling was noticeable. The pulse was 48. Thyroid 
gland tablets were taken (5 gers. increasing to 80 grs. 
daily) for several months without result. Mixed- 
gland tablets were then tried, also without any 
benefit. Ultra-violet irradiation was commenced, and 

almost immediate improvement was felt. The swelling 
disappeared, together with the sore and tight feeling, 
which was noticed only when the patient was very 
tired. Six months later she felt, better in herself, 

sald she was more lively, and ate and slept well, and ] 
all she complained of was that she became easily I 
tired. 

CIRCULATORY SYSTEM 

Patients suffering from the effects of high blood a 

pressure, whatever be its causes, are greatly assisted 
by exposure to ultra-violet rays. Hasselbalch and i 
Jacobeus have described the lasting reduction in ‘| 
blood pressure they have found following carbon arc i 
irradiation. They consider that the erythema pro- | 
duced because of the dilatation of the superficial 
vessels plays a very important part in the phenom- q 
enon. We have, however, noticed in almost every | ti 
case of hyperpiesis we have treated that the fall in 

Hanovia,” ‘‘ K.B.B.”’ and ‘‘ Hewittic” Quartz Mercury Vapour Lamps. 

| Fic. 227.—Part of the ‘“‘Sun-Ray ” Clinic, Newcastle-on-Tyne, showing 20-ampere Short-Flame Carbon Ares, ‘‘ British 
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Fia. 

Sixteen Patients being treated simultaneously with four Long-Flame Arc Lamps at the’‘*Sun-Ray ”’ Clinic, 

Newcastle-on-Tyne. 
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blood pressure is often immediate—that is, before 
the erythema has developed—and the effect may be 
due to the hypotonic action of the rays on the sym- 
pathetic nervous system. Another theory is that the 
fallin blood pressure is due to the inhalation of ozone 
generated by the lamps, but this seems very unlikely. 
It has been our custom to take blood-pressure read- 
ings just before treatment, and again just after. In 
many cases we have noticed that the pressure fell as 
much as 20 mm. of mercury after the first irradiation 
of two or three minutes at a distance of thirty-six 
inches from the lamp. 

Naturally, cases in which the condition 1s due to 
functional causes respond best—cases where there 
have been severe emotional disturbance, mental re- 

pression and worry. But cases with definite kidney 
involvement, and considerable arteriosclerotic changes, 
do very well also. | 
We have taken blood-pressure readings some tim 

after ultra-violet treatment has been discontinued, | 

and have found that, although the pressure has 
generally risen above the pressure registered 1mmedi- 
ately after treatment was stopped, it is invariably 
considerably lower than it was previous to the 
commencement of treatment. | 

Breathlessness on exertion, headache, vertigo, and 
irritability, generally disappear. There was no fall 
in blood pressure in a few of the cases treated, but 
the patients said they felt wonderfully better for the 
course of treatment, and several returned again for 
a further series of applications. General irradiation 
should invariably be given, with a second-degree dose. 

= == = = 



488 ULTRA-VIOLET RADIATION 

In nine recent cases of hyperpiesis, five of which were 
arteriosclerotic, one nephritic, and three functional, 
with no ascertainable organic cause, we have had an 
average fall of systolic blood pressure of 30 mm. of 
mercury. Some cases respond much more quickly 
than others. One patient (Case 12) had twenty-three 
treatments, extending over three months. The systolic 
blood pressure was 220 mm. of mercury at the com- 

- mencement of treatment, and at the end it had dropped 
to 190 mm. of mercury. Despite this comparatively 
small drop the patient said she felt immeasurably 
better. She had lost the languid feeling that generally 
accompanies this condition, and could get about much 
more easily; and she eats and sleeps well. 

Another patient (No. 13) showed the surprising fall 
of 54 mm. of mercury, from 186 to 132, after two 
exposures, totalling eight minutes only. 

Case 14. This was a functional case, in which a 
systolic blood pressure of 162 fell to 119 after four 
treatments. 

The whole subject is of great interest and import- 
ance, because cases of this condition have proved go _ 
intractable to treatment with such drugs as potassium 
iodide and the nitrites ; and we have personally been 
unable to obtain with diathermy the results that other 
workers claim to have secured. 

Diseases of the Heart—The presence of adequate 
quantities of calcium and potassium salts in a 
suitable form is essential for the proper functioning 
of the heart. The calcium plays an important part 
in the mechanism of contraction, and the potassium 
is necessary for relaxation. Ultra-violet radiation 
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has a very marked influence on calcium metabolism, 

as has already been mentioned. 
Functional heart conditions derive great benefit 

from actinotherapy, improvement occurring in cases 
of tachycardia and where ventricular extra-systoles 
are present ; heart conditions secondary to anemia 
or tuberculosis are also benefited. 
We have had good results in cases of myocarditis 

and valvular disease of the heart, especially in those 
of recent origin. Irradiation has a favourable influence 
on cases of aortitis and aortic regurgitation. The 
heart is generally hypertrophied in these cases in an 
endeavour to ensure compensation. Patients usually 
feel much better as a result of the treatment; but 

whether this is due to the fall in blood pressure is 
doubtful. The permanent dilatation of the peripheral 
vessels, however, lessens the amount of blood in the 

internal organs and so relieves the heart muscle. 
Dyspneea and vertigo often disappear, and insomnia 

is relieved. | : 
Cases of organic heart disease tolerate heat very 

badly, so that during irradiation the patient should be 
placed at a greater distance from the lamp than usual, 
and short exposures should be given. Reyn prefers 
the carbon arc for the treatment of cardiac conditions, 

and considers that the relief of dyspnoea and the 
lowering of blood pressure depend’ on the production 
of erythema. Others prefer the quartz mercury 
vapour lamp because of the small proportion of heat 
rays 1t emits. . | 
Angma Pectoris—Hasselbalch, at the Finsen Insti- 

tute, uses general carbon arc baths with exceedingly 
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good results in cases of angina pectoris. He produces 
a definite erythema, which relieves internal conges- 
tion as well as dyspnoea and cardiac distress. In 
many cases the dilatation of the heart was reduced. 
Strikingly favourable and rapid results, which were 
lasting, were obtained in forty-four cases of true 
angina pectoris. 
We have had experience of the rapid way in which 

palpitation, dyspnoea, and the oppressive feeling of 
tightness in the chest, can be relieved ; the attacks, 
too, become much less frequent. 

Case 15. Female, aged 63 years, had suffered from 

valvular disease of the heart, auricular fibrillation, 

and angina pectoris, for several years. She obtained 
wonderful relief after eighteen general applications 
with the quartz mercury vapour lamp. Dyspncea and 
pain disappeared, and there were no further attacks 
in six months following treatment. 

Peripheral Circulatory Disorders.—The treatment 
of chilblains and frost-bite will be discussed in 
Chapter XVI. 

Raynaud's Disease.—Ultra-violet radiation is in- 
valuable in Raynaud’s disease. 

The history of an interesting case, which we have 
treated, 1s as follows: 

Case 16. Patient is now 29 years of age. When she 
was a baby a year old she had to have both little toes 
amputated for Raynaud’s disease. The condition 
gradually got worse, and when she was nineteen it 
became necessary to amputate first the great toe 
and second toe of the left foot, and then the left 

leg itself below the knee. She now wears an artificial 

OTHER INTERNAL DISEASES 491 

leg. Four years ago a sinus developed on the sole 
of the right foot, over the head of the middie meta- 
tarsal bone. This was scraped soon afterwards, but 
continued to discharge; a sequestrum was extruded, 
but the lesion did not heal. The lesion had the same 
appearance as a perforating ulcer. 

Local ultra-violet treatment with the mercury 
vapour lamp was commenced on 6th May 1925, and 
after seventy-four applications the foot was soundly 
healed on 13th November 1925. The foot has now 
remained healed for over two years. 

The peripheral circulatory disturbances that often 
occur in diabetes and arterio-sclerosis can also be 
improved by local irradiation. The pain is often 
relieved and the local circulation ameliorated. 

As soon as there is any evidence of disturbed 
circulation the air-cooled lamp should be used to 
produce regenerative erythema, a second- or third- 
degree dose being necessary. If the skin 1s broken 
and the lesion infected the water-cooled lamp should be 
used ; applications of radiant heat can be combined 

— with ultra-violet irradiation, and a blue filter should 
be used if the lesion is very painful. — 

Nervous System 

Diseases of the Central Nervous System.—The 
psychical effect of ultra-violet radiation has already 
been mentioned, and it is therefore easy to under- 
stand why it is useful in many cases of mental 
disease and in neurasthenia. The general tonic action 
of ultra-violet radiation also plays an important part 
in the results it produces. 
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Nervous symptoms associated with rickets, such as 

Laryngismus stridulus, convulsions, and tetany, are 
very quickly relieved by a few applications of ultra- 
violet radiation: this has already been mentioned in 
the chapter dealing with rickets. These symptoms are 

all associated with a low blood calcium content and owe 
their alleviation to its rise following irradiation. The 
irritability and fretfulness of rickety children are also 
manifestations of nervous hypersensitiveness, and are 
the first symptoms to be dispelled by irradiation. 

Ulira- Violet Radiation in Mental Diseases.—Dr Dove 
Cormac, of the Cheshire County Mental Hospital, has 
kindly given us the following information concerning 
the use of actinotherapy in mental disorders : | 

‘ Actinotherapy in the treatment of mental dis- 
orders is how in use in many mental hospitals, and 
having been in continuous use in this hospital for over 
three years may be said to have passed the experi- 
mental stage here. It is employed as the routine 
treatment for convalescent cases of all forms of 
mental disorder and generally hastens their recovery. 

“Manic depressive cases and convalescing cases 
of melancholia respond most readily to the treatment, 
the pericd of depression being considerably curtailed, 
while in cases of agitated melancholia and hyper- 
thyroidism the agitation and restlessness are in- 
creased, and the treatment is contra-indicated. In 
the delusional psychoses, where there is much mental 
irritability due to the nature of the delusions, and 
impulsive actions, there is usually a decided change 
of temperament. The patient becomes more iitetble 
the delusions are seldom referred to and do not apnea 
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to trouble the patient so much while undergoing 

treatment. 

“Tn dementia preecox, where there is a lowered 

metabolic rate, and one would expect some benefit, 

the results have not been satisfactory, though remis- 

sions have occurred in many cases enabling them to 

return to their homes and normal occupation on 

discharge. Cases of confusional insanity im con-- 

valescence make rapid progress as well as those of 

anergic stupor. The mental improvement usually 

accompanies the improvement of the general health, 

sleep becomes more normal, the appetite increases, 

and a gain in body weight is usual; two of my cases 

showed an increase of 23 and 25 lb. respectively 

after eight weeks’ treatment.” 
Neurasthenia.—A low calcium content of the blood 

is one of the causes of neurasthenia in the adult ; 

many cases are also probably due to an imperfect 

balance of the internal secretions, since impotence and 

amenorrhoea are common symptoms, and neurasthenia 

is a frequent occurrence at the menopause. Actino- 

therapy may therefore be expected to give good results 

in these cases, and Reyn has said that carbon arc baths 

often have an excellent effect. Patients who have been 

depressed and unable to work regain their good humour 

and strength. This has been our experience with quartz 

mercury vapour lamps. We have treated many cases 

of neurasthenia, and all except two have benefited 

oreatly. 
The most satisfactory response to ultra-violet ir- 

radiation is obtained in cases of the apathetic type, 

and when the patients are anemic and emaciated. 
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The cases that show the least favourable response are 
those with a marked tremor, exaggerated reflexes, and 
a hypersensitive condition of the vasomotor system. 

Treatment may be given to patients who continue 
at their work. This is a great advantage, since it is 
unnecessary for them to take the usual rest away from 
home, and solitude and its consequent opportunity for 
introspection are avoided. 

Patients invariably remark on the soothing effect 
of the rays, saying that often when they first lie on 
the couch they are “‘ on edge,” but that this feeling 
gradually leaves them and they feel composed and 
inclined to sleep. 

One patient who had suffered for some time from 
neurasthenia, with fits of depression, said shortly 
alter commencing treatment that she was beginning 
to see the funny side of things again. 

The Commissioners of the Board of Control of 
Lunacy Cases, in their Report for 1925, comment 
favourably on the results obtained by treating 
neurasthenic patients with ultra-violet rays. 

Chorea.—We have had excellent results in the 
treatment of chorea by ultra-violet radiation. There 
is soon a mitigation of the unpleasant symptoms and 
insomnia is relieved. The time necessary to effect 
a cure depends on the severity of the condition and 
the period that has elapsed since its commencement. 
General irradiation should invariably be given, with 
first- or second-degree doses. 
Epilepsy.—Wagner claims to have had good results 

in the treatment of epilepsy with ultra-violet rays. 
Paralysis agitans—We have had an opportunity 
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of treating two cases of Paralysis agitans with ultra- 
violet radiation and diathermy. There has been 
very marked improvement in one case and _ slight 
improvement in the other. 

The diathermy is most easily given with the 
Schittenhelm couch, and the actinic radiation may 
be applied over the whole body with gradually in- 
creasing doses up to fifteen minutes back and front 
at twenty-four inches distance from the lamp. The 
exposures should be given twice or thrice weekly and 
continued for some time. 

Encephalitis lethargica (Parkinsonism following).— 
Cures can hardly be expected, but the improvement 
in the patient’s general health following ultra-violet 
treatment amply justifies its general use in this 
distressing malady. 

Patients feel stronger and walk better, the appetite 
improves, and the weight increases. Mentally, they 

appear brighter and more intelligent, speech becomes 
clearer, and they rest better at nights. 

Even this amount of alleviation means a great 
deal to the patient, and the treatment is worth a 
prolonged trial in each individual case. 

Locomotor ataxva.—Diathermy and general ultra- 
violet irradiation are often successful in alleviating 
the lightning pains that are so often a dreadful 
feature of this disease. It 1s difficult to say whether 
this relief 1s due to the general tonic effect of the 
radiation or to some action on the peripheral nervous 
system. : 

Some workers have found that co-ordination is 
improved after prolonged treatment. General ultra- 
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to those where there is actual shortening of the 
affected sterno-mastoid muscle. 

CASES 

Case 17. Female, aged 43 years, had suffered from 
periodical “‘ nervous breakdowns” since she was 
twenty-eight years of age. At one time during this 
period she was an unwilling spectator of some in- 
cident in the early stages of the Russian revolution, 
and the shock which she suffered as a consequence 
oreatly ageravated her condition. Recently she had 
had a very trying illness, lasting more than twelve 
months, at the beginning of which she had undergone 
a severe operation. She was a very highly strung, 
nervous woman, and since her illness had been unable 
to leave the house alone. She was afraid to cross 
the road or enter a tramcar, and said she had lost 

all confidence in herself, and had a constant dread 

of falling. | S 
After sixteen exposures, extending over seven 

weeks, this patient was completely cured of her dis- 
tressing symptoms, and was once more able to lead a 
normal life. After even the first few exposures the 
improvement was remarkable, and she was able to 
walk to and from the surgery and to find the exercise 
enjoyable.. After two years she continues to be 
pertectly well. 

Case 18. Male, aged 40, a commercial traveller, was 

troubled with sudden fears while travelling in railway 
trains, which caused him to get out of the train at 
some intermediate station without completing his 
journey; he regained his self-confidence after the 
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first few applications of ultra-violet radiation, and 
has remained well ever since. : 

Case 19. Female, aged 39, was suffering from ner- 
vous depression. She felt people were staring at her 
in the street and, for some months, had entirely 
lost her nerve at the thought of driving a car, which 
formerly she had been able to do with ease. After the 
third application of the rays she was able to drive 
the car into town. After sixteen exposures, extending 
over one month, she was feeling quite well and happy, 
and has remained so for over eighteen months. 

Case 20. Female, aged 55 years, was suffering from 
general weakness and wasting, accompanied by acute 
brachial neuritis in the right arm, owing to which she 
was unable to sleep at nights. Movement of the arm 
Was impaired, and she was unable to do her own hair. 
The neuritis cleared up after a few treatments, but 
the irradiation was continued for her general con- 
dition. In all she had twenty-nine exposures, spread 
over eleven weeks, and improved wonderfully. The 
pain completely disappeared, she ate and slept well, 
and rapidly gained weight. At present she says she 
feels better than she has done for four years, and is 
bright and well and never feels tired. 
Case 21. Female, aged 35 years, suffering from 

psychasthenia. In April 1925 she went out for a walk 
and turned giddy, and afterwards did not care to go 
outalone. She also suffered from vague fears. Twenty- 
four general irradiations were made, with both the 
carbon arc and the quartz mercury vapour lamp, and 
pigmentation was very marked. She resumed work 
at the termination of treatment in April 1926, and is 
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once more perfectly normal, not having missed a 

single working day since. 
Case 22. Female, aged 45, had suffered from Para- 

lysis agitans for fifteen years. She improved greatly 
with diathermy treatment, and, as a result, was able 

to knit, feed herself, and dress herself for the first 

time for several years. Latterly, we have used dia- 
thermy and ultra-violet radiation in combination, 
with continued improvement. 

Case 23. Boy, aged 13 years, contracted Hncephal- 
itis lethargica when he was seven years old; this was 
followed by typical Parkinsonian symptoms. Since 
having general ultra-violet treatment he has been 
constitutionally stronger, his appetite has improved, 
he speaks more clearly, his disposition has become 
brighter, he sleeps better,: and he has progressed 
mentally. 

DISORDERS OF THE RESPIRATORY SYSTEM 

Ultra-violet radiation plays an important part in 
the treatment of respiratory disorders and is particu- 
larly useful in acute cases when the febrile symptoms 
have subsided. It stimulates the absorption of exu- 
dates, lessens catarrh and acts as a wonderful tonic 
in the convalescent stages. 
Asthma.—Many cases of asthma respond favourably | 

to ultra-violet treatment, especially when the condi- 
tion is of recent origin. The etiology of asthma reveals 
a number of different causal factors, and this 1s prob- 
ably the reason why the results vary. ‘The beneficial 
action may be due to the improved calcium meta- 
bolism. which follows ultra-violet irradiation or to a 
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decreased excitability of the reflexes of the thoracic 
organs, or possibly the inhalation of ozonized air may 
be advantageous. . | 

Saidman states that he has had successful results in 
74 percent. of the cases he has treated. He has found 
that the treatment is only moderately successful in 

children under three years of age, but is very success- 
ful in children from three to fourteen years, especially 
where the asthma is only a local manifestation of an 
exudative diathesis and where the thymus gland is 
enlarged. Relapses frequently occur after treatment 
of patients aged from fourteen to thirty years, par- 
ticularly after an attack of nasal catarrh or influenza. 
In adults and old people chronic bronchitis and 
emphysema are often present in addition to asthma, 
and therefore the results are not nearly so favourable. 
Saidman recently showed us a number of his asthma 
patients; some said they felt better after the first 
application, and had no further attacks after the 
second. Of fifteen recent cases of his, five were cured 
after the first application. 

The best results are obtained by general irradiation 
of the whole body and by the production of a strong 
erythema alternately on the front and back of the 
chest. We have noticed on several occasions that only 
slight improvement followed irradiation with a quartz 
mercury vapour lamp, but marked benefit was experi- 
enced when the carbon are was used, and therefore 
the last-mentioned should always be the method of 
choice. , 

In those cases which are only partially benefited the 
attacks usually become less frequent, and when they 
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do occur are less severe in character. It is only fair to 
say that a number of cases show no improvement. 

Bronchitis.—Cases of chronic bronchitis show im- 
provement with actinotherapy, because ultra-violet 
radiation raises the resistance of the body to infection. 
The cough becomes less troublesome and, conse- 
quently, insomnia is often relieved; expectoration 
decreases. Radiant heat to the front and back of the 
chest can often be employed advantageously at the 
same time. 

Children who have persistent spasmodic coughs 
without any physical signs rapidly respond. Coughs 
that have continued for months, and have been a 

source of disturbance to a whole household, have 

been swiftly cured by ultra-violet radiation. 
Improvement is usually seen in bronchiectasis. 
Pulmonary Conditions due to the Action of Porson 

Gas.—Ultra-violet radiation has a prophylactic value 
in preventing the onset of secondary infections, such 
as tuberculosis. 
Empyema.—vltra - violet radiation is invaluable 

in treating post-operative cases which have chronic 
sinuses ; rapid healing is the rule. 
Emphysema. — Apart from improvement of the 

general health, actinotherapy has no effect on this 
- condition. 

Laryngismus stridulus has been mentioned already 
in the section dealing with rickets. 

Pneumonia, Broncho-Pneumonia, Lobar-Pneumonia, 

Post-Influenzal Pneumonia.—Diathermy now seems 
the method of choice in treating lobar-pneumonia, but 
ultra-violet radiation 1s exceedingly useful in aiding 
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the absorption of exudates and clearing up the 
persistent catarrh which so often follows an attack 
of influenzal pneumonia, especially in children. Pain 
and expectoration are relieved; convalescence is 
materially shortened; and thus the return to normal 
health is hastened. | 

Pleurisy can. be benefited by ultra-violet radiation. 

Fic. 229.—The “ Lasem” Portable Lamp 

ready for use. 

In afebrile cases third-degree erythema doses should 
be applied locally to the site of pain; this can 
easily be done by means of a portable lamp while 
the patient is lying in‘bed. Radiant heat is often 
very useful in these cases too. It has a marked 
counter-irritant effect, and applications should be 
given twice weekly. 

In pleurisy with effusion the Abaoeciion of the fluid 
is hastened by irradiation. Ultra-violet radiation is 
also exceedingly useful during convalescence for its 
tonic effect, and there is no doubt that it has a 
prophylactic action in preventing the subecauens 
development of pulmonary tuberculosis. 

Pleurodynia.—Ultra-violet radiation and diathermy 
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given conjointly are very useful in cases of pleuro- 
dynia which do not respond to medicinal treatment 
and where the general state of health is bad. A third- 
degree erythema should be produced locally at the site 
of the pain. | 

Whooping Cough—We have found that this 
condition is very amenable to treatment by general 

Fic. 230.—The ‘‘ Lasem’’ Portable Lamp dismantled. 

irradiation with the carbon arc or mercury vapour 
lamp. The frequency and severity of the attacks of 
coughing are greatly reduced, vomiting ceases and 
the general condition of the patient improves. We 
have treated several children lately suffering from this 
distressing condition, with very gratifying success. 
A few days after the commencement of the disease 
mothers have remarked that their children had not 
coughed during the twenty-four hours following 
treatment. The children became much brighter and 
less fractious after the first few exposures, and played 
contentedly with their toys. They ate and slept well, 
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and put on weight. The production of erythema on 
the front and back of the chest are necessary. 

Bru has recently treated thirty-three cases, of 
which three were total failures, three were partial 
successes, and twenty-seven were cured. Treatment 
was given on an average five or six times. 

X-rays, applied to the neck and upper part of the 
chest, can sometimes be usefully combined with ultra- 
violet radiotherapy. 

Case 24. Girl, aged 3 years, a very delicate, frail, 

weakly child, contracted whooping cough from other 
children in the same house. For a fortnight she was 
in bed with a temperature ranging from 100° to 104°. 
The cough was very troublesome, especially at night ; 
she was very fractious, and the relatives got practically 
no rest, night or day. As soon as it was possible, 

the child was wrapped in blankets and brought by car 
to our consulting-rooms for ultra-violet irradiation. 
The chest was first exposed for two minutes at thirty- 
six Inches, and the area and dosage were gradually 
increased, until the whole body was exposed, back 
and-front, each for fifteen minutes daily. The result 
was surprising. After seven exposures the child was 
ereatly improved, and the attacks of coughing were 
very much less frequent. The mother stated that she 
had not coughed for fourteen hours, and was much 
more lively and played alone with her toys. Four 
days later she had not coughed from one exposure to 
the next (twenty-four hours), and this improvement 
was maintained until the attacks of coughing had 
practically ceased. She ate and slept well, gained 
weight, and was soon almost a normal child again. 
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Over two years ago this child commenced natural 
sun baths, out-of-doors when possible, and in a room 

with windows glazed with “‘ Vitaglass”” when outside 
conditions were not suitable. She is now deeply 
pigmented, broad and strong and full of mischief, and 
able to tolerate extreme cold without any discomfort. 

Case 25. Girl, aged 6 years. The child had had 
| whooping cough for eight weeks, but was not confined 

to bed. She had an attack of coughing after each meal, 
| which caused her to bring back her food. After the 

first treatment, which consisted of three minutes’ 
exposure to an air-cooled mercury vapour lamp at a 
distance of three feet, and simultaneous irradiation 

of the front and back of the body with two Saidman 
polymetallic arcs for five minutes, the child coughed 
only once in the next forty-eight hours, only once 
after each of the two succeeding exposures, and not 
at all for two days after the fourth application. She 

| became much happier, and was able to take her 
food well and to sleep well. The improvement was 

| maintained, and after seven exposures, spread over 
a period of fourteen days, she had ceased coughing 
entirely and treatment was discontinued. 

DISORDERS OF THE ALIMENTARY SYSTEM 

The disease of the alimentary tract most favour- 
ably influenced by ultra-violet radiation is tubercular 
peritonitis; the condition has already been referred 
to in Chapter XII. 

Dyspepsia ; Gastric Ulcer ; Constvpation ; Diarrhea. 
—Ultra-violet radiation has proved a particularly 

Fic, 231.—Two Children suffering from Whooping Cough being irradiated with one of our Lamps. 
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useful aid to medicinal treatment in cases of hyper- 
acidity, chronic gastritis, and duodenal or gastric 
ulcers. The pain of these conditions can often be 
relieved—probably owing to a diminution of the 
acid content of the gastric juice following irradiation. 
The general health is improved and the blood-calcium 
deficiency, with the disturbance of hydrogen-ion 
balance, which is such a common symptom in these 
cases, 18 remedied. 

Calcium salts in the form of calcium lactate, Kalzana 
(which is sodium calcium lactate), or Phytin (the 
calclum magnesium salt of inosito-hexaphosphoric 
acid), can be taken orally. The rays probably also 
have an important effect on the reflex cutaneous 

areas. A second-degree erythema should be pro- 
duced daily, or every other day, over the front and 
back of the patient with the air-cooled lamp. Con- 
stipation is often relieved, probably by a tonic effect 
on the unstriped muscle of the intestines, or by 
stimulation of the endocrine glands, particularly the 
pituitary and thyroid. 

Chronic diarrhoea and irritating catarrhal condi- 
tions of the bowels, such as mucous colitis, often 
respond favourably to this mode of treatment, owing 
to the disinfection of the bowel which results from 
the increased bactericidal power of the blood. 

Functional Disorders of the Gastro-Intestinal Tract.— 
Cases of nervous dyspepsia, where worry, anxiety, and 
nervous exhaustion often have more to do with the 
condition than any actual lesion of the stomach, 
respond quickly to ultra-violet radiation ; irritability 
vanishes, patients sleep better, and acid eructations 
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soon disappear. Appetite returns, and with it a 
generally happier feeling. The air-cooled lamp 1s 
most satisfactory in these cases. 
We have also had rapid improvement in patients 

suffering, through nervousness, from imperfect con- 
trol of the anal sphincters. The disturbing desire to 
defeecate at socially inconvenient times is soon relieved. 

Spasmodic conditions of the alimentary tract, 
cesophageal spasm, pylorospasm and enterospasm 
have yielded satisfactorily in our practice to a 
combination of ultra-violet radiation and diathermy 
applied directly over the affected area. Spasmophilic 
vomiting and the vomiting of pregnancy are greatly 
benefited by actinotherapy, and the vomiting of 
acidosis quickly clears up. 
Abdominal Adhesions following inflammatory con- 

ditions or operation can often be improved by the 
conjoint use of ultra-violet radiation and diathermy 
or radiant heat. 

Marasmic children generally improve with ultra- 
violet radiation. Those who have become a source 
of worry to their parents, who will not take their 
food, who are not thriving, and who are generally 

irritable and petted and prone to fits of crying, soon 
lose all these unpleasant little traits, rapidly regain 
their normal appetite, and become self-reliant and 

happy. 
Cirrhosis of Liver ; Cholecystitis —Cirrhosis of the 

liver and chronic inflammatory lesions of the gall- 

bladder are other conditions in which ultra-violet 

radiation has caused some improvement, especially 

when combined with diathermy treatment. 
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The*amelioration in these cases is obviously due 
to a lessening of the amount of blood in the portal 
system, owing to the larger amount circulating in 
the superficial skin areas. Irradiation will sometimes 
cause cirrhotic ascites to disappear. 

Jaundace is benefited, especially if calcium salts, 
which combine with the bile pigments, are given by 
the mouth. 

Heemorrhoids.—Ultra-violet radiation has been 
used for the treatment of hemorrhoids, the water- 
cooled lamp with a special quartz applicator being 
employed, but in uncomplicated internal cases dia- 
thermy with metal electrodes, with a dose of one 
ampere for fifteen to twenty minutes every second or 
third day, is probably more satisfactory. 

Special electrodes, vacuum, or, better, non-vacuum, 
can also be used with high-frequency current, but 
diathermy is more beneficial. Operation is better 
resorted to for all external or complicated cases. 

Cases of Fistula which have been incised and 
drained improve with actinic treatment, the water- 
cooled lamp having a direct bactericidal action on 
the lesion, and the general irradiation increasing the 
general resistance. 
We have used ultra-violet radiation successfully in 

cases of ischio-rectal and perineal abscesses, and pro- 
phylactically in patients subject to these conditions, 
as has been previously mentioned. : 
Marasmus.—Case 26. Baby, aged 34 months. The 

child weighed 8 lb. when born. The mother was 
unable to feed him, and several kinds of patent food 
were tried, but the child was unable to digest them. 
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Diluted cow’s milk also failed to agree with him, 
and he gradually lost weight. At foureent weeks he 
weighed 6 lb. and was only able to take small quan- 
tities of condensed milk. The child was very fretful 
and slept badly; he coughed a great deal, and 
frequently made a curious crowing sound, as WU 
there were some obstruction in the Jarynx. General 
irradiation, first with the quartz mercury vapour lamp 
and later with the carbon arc, was given. At the end 
of the first week, after the commencement of treat- 

ment, the child had gained 4 oz., and each week during 
treatment he gained 44-54 oz. He became less fretful 
and slept better, and after the first month was able to 
digest dried cow’s milk. Treatment was continued for 
three months and during that time the child gained 
10 lb. 3 oz: | 

Pyloric Spasm.—Case 27. Baby, aged 8 months, 
weighing 14 lb. The child weighed 8 lb. at birth 
and was breast-fed, and developed normally until six 
months of age, when her weight was 171b. She then 
commenced to vomit after food. She gradually became 
worse and lost weight each week. An operation was 
advised, but consent was refused. General irradiation 

with the quartz mercury vapour lamp was given thrice 
weekly ; during the first week after the commence- 
ment of ultra-violet treatment the child did not vmoit, 
and gained 4 oz. Treatment was continued for two 
months. During that time the child vomited only 
two or three times. She looked well, took her food 

well, slept well, was happy, and lost her previous 
worried, drawn expression. | 

Case 28. Female, aged 35, had been subject to 
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violent attacks of diarrhoea and enterospasm when 
there was any suggestion of going to a friend’s house 
or to an entertainment, with the result that she 
refused to leave home. A short course of general 
irradiation with the air-cooled mercury vapour lamp 
was given, and after the second treatment there was 
a complete cessation of the unpleasant symptoms, of 
which there has been no return. 

INFECTIOUS FEVERS 

Ultra-violet radiation is particularly useful in the 
treatment of infectious fevers, especially after the 
acute febrile symptoms have abated, and it is algo in- 
valuable in the convalescent stages. Cases of measles, 
rubella, scarlet fever, mumps, and chickenpox have 
all been treated. The use of actinic rays in whooping 
cough and erysipelas has already been referred ‘to. 
Diphtheria cases can be treated by the water-cooled 
lamp, and the use of ultra-violet rays for treating 
diphtheria carriers has frequently been successful. In 
chicken-pox the intense irritation is soon relieved by 
irradiation, and it is unusual, afterwards, to have 
permanent pock-marks. 7 

Desquamation is expedited in scarlet fever cases. 
Raying is very convenient for relieving the intense 
pain which occurs in the affected parotid glands in 
cases of mumps ; it may also be applied to relieve 
the orchitic pain which is present in about a third of 
the cases occurring in adult males. 
Tetanus—Tamm and Jacobsthal, experimenting 

with animals which had wounds artificially infected 
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with the tetanus bacillus and also with the bacillus of 

malignant oedema, found that they could sterilize the 

Fia, 232,—Combined Ultra- Violet Treatment and Radiant Heat with 

the ‘‘ Trilite ’? Lamp. 

wounds with intensive local irradiation. J esionek 

discovered that similar results could be obtained in 

human beings, and he thought that the beneficial 
2K 
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effect was due to the serotactic action of the actinic 
erythema in flushing out the wound with immunizing 
fluids. He found that the mortality in tetanus was 
greatly decreased by the conjoint use of sera and 
general irradiation. 

Prophylactically, the rays can be used to increase 
the resistance of a patient subject to rheumatic fever, 
lobar pneumonia, etc. 

Huldschinsky, describing two hundred cases of 
rickets treated during a period of two years at the 
Oskar-Helene Home for Crippled Children, Dahlem, 
Berlin, says: “ The children’s constitutional power of 
resistance against affections of the lungs increased © 
visibly. After the first month of ultra-violet light 

treatment I did not lose a single child from broncho- 
pneumonia. During a severe epidemic of whooping 
cough, during which some thirty children fell ill, 
no child died, as all had .been rayed. Measles, 

contracted by some fifty patients, also caused no 
deaths. Considering the number of cases of just these 
two illnesses terminating fatally, when contracted 
by rickety children, we can be justly proud of the 
exceedingly favourable results of our treatment.” 
We ourselves have had several interesting oppor- 

tunities of noticing the power of raising body resist- 
ance possessed by ultra-violet rays. Recently, in a 
family of six young children, five contracted acute 
tonsillitis. Two of the family had been irradiated 
with the mercury vapour lamp: one of these escaped 
the infection altogether, and the other, although a 
very delicate child suffering from Tabes mesenterica, 
had the least severe attack of sore throat. ‘This case, 
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one of many, serves to demonstrate the prophylactic 
properties of ultra-violet radiation, but at the same 
time it is only fair to mention that children some- 
times develop infectious fevers while mney. are having 
ultra-violet treatment. 

Latent Malaria.—Laqueur advocates the adminis- 
tration of intense provocative doses of ultra-violet 
radiation in cases of latent malaria. Exposures of 
five to ten minutes, increasing to an hour, should be 
given at a distance of 60 cm. The parasites often 
appear in the blood after the first irradiation. It is 
no use giving more than three or four applications 
when there is no response. 



CHAPTER XV 

ULTRA-VIOLET RADIOTHERAPY IN DISEASES 

OF THE GENITO-URINARY SYSTEM 

Conservative Treatment in Gynecology—Nephritis—Cystitis— 
Orchitis—Epididymitis—Prostatitis—Urethritis—A menor- 

rhoea—D ysmenorrhcea—Sterility—Treatment of the Meno- 

pause — Menorrhagia— Metrorrhagia— Vulvitis— Vaginitis 

—FErosion and Ulcerations of the Cervix Uteri—Endo- 

metritis—Parametritis—Salpingitis—Ovaritis—Pelvic Peri- 
tonitis—Incontinence of Urine—Pyelitis—Infantilism and 

Impotence. 

ULTRA-VIOLET irradiation is beginning to play an 
increasingly important part in the conservative 
treatment of many gynecological conditions. The 
surgical removal of a diseased pelvic organ may 
often ensure a more rapid recovery, but as a means ol 
treating inflammatory lesions of the genito-urinary 
system caused by the tubercle bacillus or the gono- 
coccus it leaves much to be desired. 

Conservative treatment, as Lang has said, aims at 

the preservation of important organs and the retention 
of the possibility of subsequent conception, and it 
avoids the risk of mortality from operation and the 
development of psychical defects. 

Ultra-violet treatment in gynecological conditions 
can be: (1) General; (2) Local; (3) Internal. 

There are several lamps which can be used for in- 

ternal treatment. The “‘ Wintz”’ lamp is designed for 
3 516 
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introduction into the vagina, and the “‘Gallois”’ vaginal 
quartz high-frequency electrodes can be used in the 
same way. There are hollow quartz applicators 
which can be attached to the “ Kromayer”’ lamp, 
the best known being those designed by Wagner. 
They are kept cool by the water circulating in them. 
Special applicators can also be attached to the 

rH BY 
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Fic. 233.—‘“‘ Jupiter’ Lamp with Hood and 
Speculum for Gynecological Work. 

‘British Hanovia”’ air-cooled lamp, and there are 
metal vaginal speculee for use with the.“ Ultra Sonne ” 
and “ Jupiter’ lamps. 

The lithotomy position generally proves the 
most convenient for intra-vaginal or intra-uterine 
irradiation. 

Rest in bed should always be enforced during 
treatment. Internal irradiation should never be 
resorted to in the acute stage of any inflammatory 
lesion of the genito-urinary system. 

It is generally possible to apply twice the skin 
erythema dose to mucous membranes without causing 
any unpleasant symptoms. There is usually a more 
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copious discharge for the first two or three days after 
internal irradiation, but this soon subsides. 

Nephritvs —Mild irradiation may be given in the 
subacute and chronic stages of this disease with some 
beneficial effect. Pain, headache, and insomnia are 
often relieved, and diuresis is increased. 

Actinotherapy is very useful in the convalescent 
stage, for the purpose of toning up the general system. 

In chronic nephritis good results are obtained, 
especially in tubercular cases, when irradiation often 
results in the disappearance of hematuria and the 
diminution of pyuria and pain. Results are not so 
hopetul when pulmonary infection is also present. 

The use of ultra-violet radiation 1s inadvisable in 
cases of nephritis accompanied by cedema. 

Ultra-violet radiation is being used increasingly in 
the operating theatre, and Professor Leguen reports 

that nephrectomy cases less frequently develop 
fistula when there has been exposure to ultra-violet 
radiation during the actual operation. A special 
screened lamp suspended above the operating-table 
isused. 

We have treated many cases of chronic nephritis 
associated with high blood pressure, and there has 
been improvement in nearly every case. It is a 
matter of conjecture what is responsible for this 
amelioration of symptoms. It may be due to an 
alteration in the blood condition, since anzemia is 

always a prominent symptom of these cases; or it 
may be due to a fall in blood pressure. A general 
improvement in metabolism, with the elimination 
of poisonous waste products, which would otherwise 
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be retained and cause harmful sequele, may be 
responsible for good results in nephritis; and the 
increased bactericidal property of the blood aiter 
irradiation is also helpful. 

Undoubtedly, the hyperzemia induced in the skin 1s 
beneficial, particularly because, unlike the hyperemia 
caused by radiant-heat baths, it is lasting. 

Cystitis —For this condition Sampson strongly 
recommends diathermy treatment. He places one 

electrode in the rectum and one over the symphysis 
pubis. In very acute cases he claims almost instant 
relief. General ultra-violet irradiation, combined with 

the administration of urinary antiseptics, such as 
hexyl resorcinol, and the adoption of general hygienic 
measures, 18 invaluable in the tubercular form of 

the disease. Saidman has also obtained good results 
by means of a small lamp, which may be introduced 
through the urethra into the female bladder, or 
through a cystostomy opening into the male. 

Orchitis, Epididymetis —A. fairly severe erythema 

over the scrotum, perineum, and inner surface of the 
thighs will give relief in the acute stage. Diathermy 
should also be applied when possible, and as early as 
practicable after the onset of the condition. General 
irradiation should also be given in tubercular epi- 
didymitis, the patient standing as near the carbon 
arc as the heat allows; the testicles are raised with the 

hand and the maximum radiation is allowed to fall 
on the affected area. 

Saidman advocates the use of the polymetallic 
are in tubercular orchitis, peritonitis aud tuberculosis 
of the female adnexa, and is very enthusiastic over 
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the excellent results which he has obtained from this 
method of treatment. 

Prostatitis can be treated with the water-cooled 

lamp. Quartz applicators are introduced into the 
rectum. Frequency of micturition and pain are allevi- 
ated. Some workers have had encouraging results 
with this form of treatment in cases of enlarged 
prostate, where it was impossible for the radical 
operation to be performed. Sampson mentions a 

Fic. 234.—Curved Urethral Electrode which is active 

only at the end. 

number of successes obtained by the conjoint use of 
diathermy and ultra-violet radiation. 

Urethritis—This condition is generally caused by 
the gonococcus, but a large number of other infective 
organisms may also bring about inflammation of the 
urethral tract. General irradiation is very valuable 
in the chronic stages, and a second-degree erythema 
should be produced. 

Intra-urethral treatment would obviously be too 
painful in the acute stages of the disease, and the 
profuse discharge would also render it impossible. 
A special thin quartz rod attached to the “ Kromayer ”’ 
lamp can, however, be introduced into the urethra in 
the chronic stages of the disease and the whole of the 
canal can be irradiated by gradually withdrawing the 
applicator. Mild dosage should be the rule. 

Gonorrhea.—Ultra-violet treatment has given in- 
different results in cases of gonorrhoea, Meatal lesions 
have responded most satisfactorily to it. 

aa ee 
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Saidman advises an initial dose of half-a-minute, 

and an increase of a minute at each succeeding 
exposure. Treatment to be given twice a week. 
He says the treatment should be continued if, after 
five applications, there is a decrease in the numbet 
of organisms in the discharge. If there is not, it 
should be stopped. 
Amenorrhea.—One of the physiological properties 

of ultra-violet radiation is the stimulating effect it has 
on the menstrual flow. A stabilization of the calcium 
salts in the body may bring about this effect. In 
young girls the growing skeletal structure makes the 
first demand on the calcium salts in the body; after 
its needs have been satisfied the salts can then be 
utilized for reproductive functions. If an increased 
amount of calcium is retained in the body the men- 
strual cycle generally becomes normal. Increased 
ultra-violet radiation in tropical countries may 
account for the early appearance of puberty in those 
regions. 

The action of ultra-violet radiation on the internal 
secretions has a very important effect on menstrua- 
tion, on the nervous system, and on the vasomotor 
mechanism. 

It is now generally agreed that hypo-ovarian 
secretion is responsible for the disorders associated 
with the menopause. The endocrine secretions are 
so intimately associated that when one gland is not 
functioning correctly the effect is felt throughout 
the whole system. 

Amenorrhcea may be: (1) Organic; (2) Functional. 
Organic amenorrhea is due to malformation or 



522 ULTRA-VIOLET RADIATION 

absence of the uterus or adnexa, which may be 
congenital or the result of an operation or of damage 
caused by disease; irradiation 1s obviously of no 
value in these cases. 

Amenorrhcea may also be due to some general con- 
dition, it may be secondary to anemia, diabetes, or 
tuberculosis, and 1t may occur after an acute illness 
At the onset of puberty amenorrhcea may occur 
after periods have taken place for a few months. In 
these cases, which are generally due to hyposecretion 
of the ovaries, the patient often begins to put on 
weight. 

Before commencing physical treatment the patient 
must be thoroughly examined for any signs of serious 
disease, such as febrile tuberculosis, and then, if 
not contra-indicated, general Binge violet irradiation 
should be administered. 

Landeker advocates intravaginal irradiation, and 
Lang suggests that the vagina should be irradiated 
for fifteen to twenty minutes with the “ Ultra Sonne ”’ 
lamp. A neon lamp is used simultaneously (at a 
distance of 80 cm. from the abdomen to avoid the 
heat), and the affected ovary is irradiated with the 
yellow and red rays. Lang also mentions the value 
of injections of extract of placenta and of the 
posterior lobe of the pituitary gland twenty minutes 
before treatment, and he also frequently uses injections 
of agomensin. 

For amenorrhea associated with puberty Donelly 
recommends general ultra-violet irradiation combined | 
with diathermy, the electrodes being placed over the 
epiphyses of the femora. This increases the flow of . 
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blood and lymph to the shafts of the bones, raises 
their temperature, and causes the marrow cells to 
produce a greater number of red blood corpuscles. 

Amenorrhcea due to general debility responds most 
quickly to actinotherapy. Cases associated with 
hyposecretion of the endocrine glands, where there 
is genital hypoplasia and secondary genital atrophy, 
also do well, but need considerably more patience. 
Weekly exposures should be given over a period of 
at least three months, when normal menstruation 
will generally be established. A second course of 
treatment should be given if the periods become 
scanty or irregular some months later. Ultra-violet 
radiation is useless in amenorrhcea following ex- 
posure to X-rays, as well as in cases of dystrophia. 
adiposogenitalis. | 
Dysmenorrhea.—This distressing condition responds 

well to ultra-violet radiation in some cases, especially 
if organotherapy is used conjointly. There is often a 
derangement of calctum metabolism in dysmenorrhea, 
and the oral administration of calcium salts may be 
advantageous. Lang has had very good results from 
intravaginal irradiation. The conjoint use of dia- 
thermy and general ultra-violet irradiation is very 
beneficial in this disease. Diathermy can be con- 
veniently applied with the Schittenhelm couch used 

as the negative electrode, the positive being placed 
over the lower part of the abdomen. The strength of | 
the current should depend on the size of the electrode, 
and this should be as large as convenient. Towels 
soaked in salt and water should be placed under the 
metal plate of the electrode, as a deep effect is desired. 
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Treatment is best commenced about four days before 
the menstrual period is expected, and should be given 
daily, or every other day. It can be continued even 
during the first day or two of menstruation if necessary. 
Excellent results may anticipated. 

Hysterical manifestations, which sometimes accom- 
pany menstruation, and which may be due partly to 
the excessive excretion of lime salts at that time, are 

ereatly relieved by irradiation, since it checks this 
excretion of calcium, and this undoubtedly plays a 
large part in the control of nervous irritability. 

Sterility.—Some cases are undoubtedly cured by 
ultra-violet irradiation, probably on account of its 
action on the ovarian secretion. When necessary, the - 
cervix should be dilated and the uterus curetted. 
Three months’ treatment should be given. 
We have had several interesting cases of patients 

who have been married for many years without 
having children, although they have wished for them, 
and after a lengthy course of ultra-violet radiation 
treatment for some other condition, have had their 

wish gratified. 
Case 29. A woman, aged 36 years, had been 

married for fourteen years without having a child. 
At the end of 1926 she developed tubercular glands 
in the neck, and was in a very weak state of health. 
She had general ultra-violet treatment for about 
twelve months and made a complete recovery. In 
February 1928 she consulted us again for amenorrhcea 
and indigestion, and on examination was found to be 
pregnant. 

Case 30. A woman, aged 38 years, had been. 
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married for fourteen years and was greatly dis- 
appointed that she had had no children. During 
1927 she had had ultra-violet treatment from July 
to November, having a total of thirty-seven applica- 
tions for neurasthenia and debility. In February 1928 
she became pregnant. 

Case 31. A woman, aged 38 years, had been 
married nine years. She had one child seven years 
of age, and had given up hope of having any other 
children. Shortly after a two-months’ course of general 
ultra-violet treatment for debility following mucous 
colitis she again became pregnant. 

Dufestel advises irradiation of the lumbar region 
and iliac fossa or scrotum, according to the sex under- 
going treatment, and also combines radiant-heat 
applications to the latter regions. Organotherapy 
should not be neglected in these cases. 

Treatment at the Menopause.—The disorders associ- 
ated with this period of life are greatly influenced by 
ultra-violet radiation, most probably on account of 
its effect on the internal secretions, and in some cases 

of premature menopause the periods may even be re- 
established, probably because of an increase of ovarian 
secretion. Nervous and vasomotor disturbances are 
decreased, high blood pressure is relieved, and the 
excessive deposition of fat which occurs so often at 
this time is controlled. We have had excellent results 
in a large number of cases. 

Menorrhagia and Metrorrhagia.—tlt is necessary to 
determine the cause of this condition before deciding 
to try ultra-violet radiation, which obviously will not 
cure fibromata or polypi; if, however, it is due to 



526 ULTRA-VIOLET RADIATION 

anemia or uterine sclerosis the results are good. The 
rays have an action on the glandular system, and 
general irradiation should therefore be employed 
in all cases, combined with large doses of Kalzana or 
Phytin by the mouth, because an adequate quantity | 
of calcium in the blood is essential for clotting to 
occur in any form of bleeding. Blair Bell has stated 
that the menstrual discharge may contain a quantity 
of calctum as much as thirty times greater than that 
which is found in the systemic blood. 

Case 32. A girl, aged 17 years, had menorrhagia 

and metrorrhagia for some months. Amelioration 
was obtained after eight general irradiations with the 
air-cooled mercury vapour lamp. 

Postpartum Hemorrhage.—Irradiation helps the in- 
volution of the uterus, and thus acts prophylactically 
against postpartum hemorrhage. 

Vulvitis, etc—Good results are obtained in cases 
of Bartholinian abscess, in cases of trauma of the 

vulva where there is bruising and effusion of blood 

but no secondary infection, and in chronic vulvitis. 
Lang considers that ultra-violet treatment (local and 
general) should be tried in every case of kraurosis. 

Pruritis vulve sometimes responds well to ultra- 
violet radiation, but 1n some cases resort must be had 
to small doses of X-rays. Occasionally ultra-violet 
radiation combined with a high-frequency discharge 
gives satisfactory results. 

Lang has obtained good results in cases of “ white 
lee’? by applying ultra-violet rays every alternate 
day. A rapid consolidation followed by a speedy 
resorption takes place, and the short duration of the 
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resorption fever enables the patient to recover in a 
surprisingly short time. 

Vagumtis.—If this condition is secondary to cervi- 
citis, endometritis, salpingitis, or the like, it is futile 
trying to treat it without first attempting to deal 
with the primary cause. General irradiation should 
be given in all cases with the quartz mercury vapour 
lamp or the carbon arc, and a mild erythema should 
be produced. When the pain associated with the 
acute condition has subsided, local intravaginal ir- 
radiation can be applied, after all discharge has been 
removed by carefully douching the vagina with a 
solution of hydrogen peroxide. 

The following are some of the possible ways of giving 
treatment. (1) The “ Wintz” water-cooled lamp can 
actually be introduced into the vagina. (2) Twenty 
minutes’ exposure can be given with the “Ultra 
Sonne’ lamp, fitted with a special vaginal speculum. 
(3) The “ Wagner” quartz speculum, which is hollow, 

and cooled by water circulating inside it, may be 
attached to the “ Kromayer”’ lamp after the quartz 
window has been removed. The first exposure should 
not exceed thirty seconds. (4) The “ British Hanovia ”’ 
air-cooled quartz mercury vapour lamp may be used, 
fitted with a suitable speculum. A total exposure of 
five minutes should be made at the first application, the 
speculum being withdrawn a short distance at the end 
of each minute. (5) “‘ Gallois ” quartz high-frequency 
elerctodes can also be used ; they emit simultaneously 
ultra-violet rays and a high-frequency discharge. 

After intravaginal irradiation the vagina feels tense 

and stretched and then becomes red, and for the 
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first few days after treatment there is a more profuse 
watery discharge, but this gradually lessens. Dia- 
thermy should always be the method of choice in 
gonococcal cases, for in these ultra-violet radiation 
has not proved very satisfactory. It has been found 
that six applications of ultra-violet rays are often 
sufficient to cure cases of granular and senile vagin- 
itis, and actinotherapy has been efficacious even 
in cases of adhesive vaginitis. Irradiation is very 
useful in the vaginitis associated with pregnancy. 
Lang has had very good results in the treatment of 
vaginitis in children, and advocates general ultra- 
violet radiation combined with local irradiation of 

the vulva. It should be remembered, however, that 
vaginitis 18 a condition where there is always the 
hability of a relapse. 

Leucorrhea, which is often associated with vaginitis, 
has been treated in the same way, but diathermy 
applied by means of a special ego-shaped metal 
electrode is also very successful in these cases. The 
condenser couch may be used conveniently as the 
negative electrode, and the positive pole is at- 
tached to the special metal electrode by means of 
an insulated handle. The condition soon clears up ; 
the unpleasant discharge ceases ; and the excoriation 
of the skin so often present in these cases disappears. 

Erosion and Ulcerations of the Cervia Uters, Endo- 
metriis, Parametritis, Salpingitis, Ovaritis, Pelvic 

Perttomtis.—Intravaginal treatment should be given 
with one of the lamps mentioned on pages 516-517. The | 
use of a metal speculum attached to the ‘‘ Kromayer,”’ 

“ Ultra Sonne,” or air-cooled mercury vapour lamp is_ 
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to be preferred, because the radiation can then be con- 
fined to the cervical region and irritation of the vagina 
is avoided. Strong dosage is required, and with 
the “ Ultra Sonne” lamp a first exposure of half-an- 
hour should be given. The results are een very 

Fic. 235.—Intra- Uterine Quartz High- Reqnenes e Klectrode 
which is active only at the extremity. 

satisfactory. In endometritis an endeavour should 
be made to remove the cause, but the condition does 
not respond so readily to actinotherapy as cervicitis. 
Intra-uterine irradiation by means of quartz rods is 
possible, but great care is necessary. General irradia- 
tion in all these local conditions is valuable in raising 
the general resistance of the body, and the conjoint — 

Fie, 236.—Uterine Quartz High-Frequency Electrode which 
is active only at the extremity. 

use of diathermy is also of very great value in such 
conditions as salpingitis and ovaritis. 

Ultra-violet radiation 1s extremely useful in these 
inflammations of the uterine adnexa, especially if 
they are primary lesions and are of tubercular origin. 
Very encouraging results have been obtained on the 
Continent. Saidman uses the polymetallic arc, and 
gives heavy doses over the abdominal and lumbo- 
sacral regions. Successful treatment has also been 
given with the water-cooled lamp,.a special quartz 
applicator being necessary. | 

Incontinence of Urine—As a general rule incon- 
tinence of urine is less marked in summer than in 

SAGE 
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winter, and it may often cease while treatment is 
being given, only to return later. The best results 
are obtained in cases where the general health is 

Cea 
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Fie. 237.—‘‘ Ultra Sonne” Carbon Arc Lamp and 
Carbon Filament Lamps arranged for Gynec- 
ological use. 

poor, and in hypocalcemic conditions where there is 
atony of the muscles or a spasmodic condition of the 
detrusor muscles. We have recently treated a little 
girl who suffers from enuresis. She had no incontinence 
while having general ultra-violet radiation, but there 
was a return when the treatment was discontinued 
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on account of some intercurrent affection. No further 
trouble was experienced, however, when irradiation 
was resumed. 

Pyehtis due to the bacillus coli is benefited by 
actinotherapy. General treatment should be given. 

Infantilism and Impotence.—Good results have 
been obtained in cases of deficient testicular secretion. 
In cases of. impotence there is improvement when 
the general health is poor, or when the condition is 
associated with neurasthenia. 



CHAPTER XVI 

ACTINOTHERAPY IN DERMATOLOGY 

Th a) Effect of Ultra-Violet Radiation in Skin Diseases: Local, 

General—Pruritis: General, Anal, Vulval—Bromidrosis— 

X-ray Dermatitis—Burns and Scalds—Dermatitis Venenata 

—Kezema—Seborrhea: Capitis, Corporis—Erythema Pernio 
—Herpes: Facialis, Genitalis, Zoster—Prurigo—Impetigo 

Contagiosa—Kcthyma—Pityriasis Rosea—Psoriasis—Para- 
psoriasis—X eroderma—Ichthyosis—Rhinophyma— Rosacea 

—Acne—Sycosis—A lopecia: Areata, Totalis, Seborrhceica— _ 

Lichen Planus—Onychia—Tinea: Circinata, Tonsurans— 
Krysipelas—Furunculosis—Benign Pemphigus and Derma- 

titis Herpetiformis—Lupus Erythematosus—Soft Chancres 

—Sy philis— Keloid—Cicatrices—Scleroderma—Nevi Pig- 

mentosi— Angioma Simplex— Xanthelasma Palpebrale— 
Stellate Veins—Telangiectases—Ulcers—Rodent Ulcer— 
Wounds—Skin Grafts—Bedsores—Chloasma—Leucoderma 

—Lentigo—A few Illustrative Cases 

THE beneficial action of ultra-violet radiation in skin 
affections can be due to either local or general effects. 

Local phenomena valuable in dermatology are: 
(1) A bactericidal effect limited to the organisms 

actually lying on the surface of the irradiated area. 
(2) Keratogenous action. The ultra-violet rays 

are absorbed by the cells of the basal layer of the 
epidermis, and, according to Grotthus’s Law, reactions 

occur only in those tissues which absorb radiation. 
All cells external to the basal layer are formed from 
the basal layer, and by stimulating this the rays 
cause new epithelial cells to be formed. 
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(3) Pigmentophoric and hormonic action. Pigmenta- 

tion of the skin protects the body against excessive 
ultra-violet irradiation, and causes the skin to be more 
resistant to infection. The ultra-violet rays, which are 
absorbed by the pigment granules in the basal layer, 
are converted into some substance which passes into 
the capillaries of the corium and influences the 
organism as a whole. The skin is the most important 
source of immune bodies. 

(4) Hyperzemia can be readily produced by irradia- 
tion, and the capillaries of the dermis remain dilated 
for long periods; cellular nutrition is improved by 
the increased blood supply to the tissues. 

(5) Inflammatory and serotactic action. Inflamma- 
tion 1s excited after a latent period and serum is 
poured into the irradiated area when the rays are 
used to produce a strong reaction. The rays can also 
produce a caustic effect, and this may be valuable in 
such conditions as lupus or nevus flammeus. 

(6) The ultra-violet rays have an analgesic and 
antipruritic effect. 

(7) The exfoliative action of ultra-violet radiation 
can be made use of in such cases as acne or psoriasis. 

General effects following irradiation are : 
(1) There is a rise in the resistance of the whole 

body to infection. Many cases of lupus have been 
cured by general irradiation alone, even when the 
lesion has been covered over during treatment. 

(2) Metabolism is stimulated (this applies to carbo- 
hydrate, protein, fat and mineral metabolism). 

(3) Some of the endocrine glands are stimulated, 
others are depressed. 
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(4) There is a fall in blood pressure in cases of 
hyperpiesis; this may influence skin lesions due to 
circulatory disorders. 

(5) A redistribution: of the blood amongst the dif- 
ferent organs takes place, and the functional activity 
of the skin becomes greater in consequence. The 
temperature of the skin 1s actually raised. 

(6) Stimulation of the vasomotor reflexes of the 
skin results, together with an increase in tolerance of 
extremes of heat and cold. The skin remains anzemic 
and flabby when stifled by clothing. 

(7) Vitamin D is formed, and it has been found 
experimentally that the local application of vitamin D 
to burns expedites their healing. 

(8) General irradiation produces a marked psychical 
effect. ) 

The physiological functions of the skin are stimulated 
by exposure to radiant energy, and cool moving air. 

Captain Braithwaite, of the West African Medical 
Service, informs us that eczema, impetigo, furunculosis, 
lupus, and psoriasis are unknown among the Nigerian 
negroes, and that extensive wounds heal rapidly with- 
out sepsis; and, as has already been noted, Dr Leuba, 

of the Swiss army, found that pigmented skins would 
not respond to vaccination until the skin had actually 
been cut through, instead of merely being scarified as 
usual. 

As a rule, acute conditions require sedative dosage, 
but heavy, and often blistering, doses are necessary 
for the cure of chronic forms of disease. 

In conditions where there is marked induration, 
occasional application of Réntgen rays in addition to 

ACTINOTHERAPY IN DERMATOLOGY 535 

ultra-violet radiation often hastens recovery. Some 
workers also combine high-frequency sparks with 
ultra-violet rays. The sedative effect of ultra-violet 
energy on the nerve endings in the skin is invaluable 
in allaying the intense and distressing itching asso- 
ciated with many dermatoses... Often enough, the 
first exposure relieves this symptom, which is so much 
more difficult to endure than actual pain. 

Ultra-violet radiation is obviously not a “ cure-all ”’ 
in dermatology, as many “quack” advertisements 
would have us believe, but at the same time, when 
efficiently employed, it can be of great service in 
dermatological practice. It is interesting to note the 
opinion of Dr Dore and the late Sir Malcolm Morris : 

‘Although in our opinion the results we have 
obtained have fully justified the employment of the 
treatment, and in some cases no other treatment 
could have produced such good results, we do not 
regard it as the only method to be used in all cases, 
nor advocate it indiscriminately to the exclusion of 
other methods; but we can say that the Light 
Treatment has, in our hands, produced results on 
the whole superior to those which we have obtained 
by any other.”’ 

It is obviously often advantageous to combine 
actinotherapy with external and internal medication. 

DISEASES OF THE SKIN ACCOMPANIED BY ANOMALIES 
OF SENSATION 

. Pruritus (General, Anal; and. Vulval).—This con- 
dition, if severe, can. become. intolerable, causing 

grave discomfort and insomnia. “Medicinal treatment 
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is usually inefficacious. The first thing to be done 
in treating this affection is obviously to discover 
any ascertainable cause, seeing that pruritus can be a 
symptom of a large number of totally different con- 
ditions, and uniform results are therefore impossible: 
Pruritus often occurs in pregnancy, uterine disease, 
chronic dyspepsia, hepatic cirrhosis, exophthalmic 
goitre, certain blood diseases, and such nervous 
diseases as tabes dorsalis and general paralysis of the 
insane. Oxyuris vermicularis, pediculus capitis and 
pubis, and acarus scabiei should all be looked for ; 
the urme should also be tested for the presence 
of bile, sugar, or albumin, and for hyperacidity, 
pruritus being frequently associated with jaundice 
and some forms of uremia and diabetes. The diet 
should be carefully regulated, and such things as 
shell-fish, spices, and condiments avoided. 

In Pruritus ant, hemorrhoids, fissure, anal catarrh, 

and small sinuses should all be sought; and in 
Pruritus vulve, vaginitis. If possible, the cause 
should be removed. If none of these possible sources 
can be found, and especially if the pruritus is 
paroxsymal, the condition is almost certain to be 
essential or true pruritus. Ultra-violet radiation is 
very useful in such cases, the analgesic effect being 
very quickly felt. | 

General Pruritus is treated by mild doses over 
the whole body, preferably given thrice weekly, and 
gradually increased in duration. 

_ Local Pruritus, Anal—Before commencing ultra- 
violet treatment all hairs should be removed and the 
parts should be well washed with soap and'water and 
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thoroughly dried. We have used both air-cooled 
and water-cooled lamps in these cases; the patient 
can bend down with the buttocks facing the lamp, and 
with his hands protected by black cotton gloves he 
can himself pull apart the cheeks of the buttocks 
so as to smooth out any folds which may exist; or 
he may adopt the knee-elbow position and have the 
cheeks of the buttocks separated by means of our 
special retractor ; or a special chair may be used with 
part of the seat capable of being slid away so as to 
expose the parts to the radiation from the lamp, 
which is placed below the seat. 

All parts which have not to be exposed must be 
suitably protected, or a tubular diaphragm may be 
used. A quartz compressor can be used conveniently 
with the water-cooled lamp, and mild erythema doses 
should be given two or three times a week. Ultra- 
violet radiation is undoubtedly less dangerous than 
X-rays in the treatment of this condition. High- 
frequency, with glass electrodes, is frequently helpful. 

Relief is afforded by the radiation, owing to the 
analgesic effect of the rays on the interepithelial 
nerve fibrils, and also to the powerful bactericidal 
effect of the radiation. The condition can usually be 
cured by from six to twelve applications. Any small 
perineal abscesses and sinuses which may be present 
are also benefited and cured. 

For Prurctus vulve the lithotomy position 1s most 
convenient. If there is any vaginitis 1t should be 
treated by diathermy, or by Dr Sloan’s method of 

lonization. 
Anomalies of Secretion.—Bromidrosis is always 

= ee 
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associated with excessive sweating, and micro- 
organisms probably cause the unpleasant smell 
characteristic of the disease. 

T'wo or three applications of ultra-violet rays with 
the air-cooled lamp will generally clear up this 
distressing condition. | 

INFLAMMATORY LESIONS oF SKIN 

Dermatitis due to Physical Causes : X-Ray Derma- 
tetas.—We have recently had occasion to modify our 
views in regard to the actinic treatment of X-ray 
burns, and now consider that very careful irradiation 
should be given when the skin is unbroken. X-ray 
ulcers are benefited by ultra-violet radiation when 
they are small. Irradiation is valuable for bringing 
about regenerative changes and removing keratoses. 
The water-cooled lamp is most useful, and should 
be used with compression. All sloughs and dead 
skin should be removed before treatment. Two or 

three exposures of three to ten minutes should be 
given at intervals with the “ Kromayer ”’ lamp, using 
the blue filter and compression. Atiter this pro- 
cedure lighter reactions with the air-cooled lamp are 
advisable. 

If the condition is simply a dermatitis, and not 
severe, mild doses may be given with the air-cooled 
lamp thrice weekly, and are all that is required to 
stimulate regeneration without destroying newly 
formed epithelium. 
Many workers prefer to use radiant heat. Hagen 

has reported eight cases of “ radiodermatitis ’’ which 
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have been cured in fifteen to thirty minutes by two 
applications of the ‘‘ Kromayer” lamp. The telangi- 
ectases also disappeared. 

In old X-ray burns, which threaten to become 
malignant, ultra-violet radiation is strongly advised, 

and many successful cases are reported. 
Burns and Scalds—however they may be caused 

(thermally, electrically, or chemically)—respond well. 
Strong doses should be used at first to cleanse the 
wound, and, later, regeneration of the destroyed epi- 
thelium is promoted by mild doses. The newly formed 
epithelium should be carefully covered during the 
exposure of the wound, because the rays might easily 
damage the new cells. The rays have a bactericidal 
action, and stimulate new cell formation. 

Irradiation should be given thrice weekly, beginning 
with a dose of one and a half minutes at thirty-six 
inches, and very gradually increasing the exposure to 
five minutes and decreasing the distance to eighteen 
inches. 
‘Sterile gauze or picric-acid dressings should be 

applied after irradiation. Cellophane dressings are 
also very useful in the treatment of burns, because 
irradiation can be carried out without removal ot 
the dressings. The application of ointments, which 
are opaque and difficult to remove, should always be 
avoided. | 

Ultra-violet radiation may also be applied while 
the patient is lying ina warm bath. Good results are 
often obtained by spraying the wounds lightly with 
medicinal paraffin and then irradiating them. 

Sometimes it may be advantageous to use a blue 
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Uviol filter, so as to absorb the short abiotic rays, 
which may destroy the new epithelium. 

Dermatitis venenata.— This condition responds 
readily to ultra-violet radiation, especially when it is 
due to the poison ivy. ‘The burning and stinging 
associated with the condition are usually dispelled 
by the first or second exposure, and spreading is also 
prevented if the skin is rayed over an area of several 
inches round the original lesion. 
A second-degree ery ulema should be siven with 

either the ‘ ‘ Kromayer ” or the air-cooled lamp, and 
if the lesion is of any considerable size the latter is 
preferable. Hxposures should be given every other 
day until the condition has cleared up. : 
We have successfully treated several cases of acute 

dermatitis caused by the dye from fur collars; the 
intense irritation was relieved after the second or 
third exposure to the rays. 

Bakers’ rash: and grocers’ itch are other examples 
of this condition which respond well to ultra-violet 
irradiation. We have recently been able to cure an 
old-standing case of bakers’ dermatitis. 

Liczema.—lt should be remembered that this con- 
dition is not a clinical entity, and an endeavour should 
always be made to remove the exciting cause and to 
remedy any acompanying metabolic disorder. Ultra- 
violet radiation proves a very valuable therapeutic 
agent in this common condition, especially in its 
subacute and chronic forms. 

In very acute types, associated with profuse 
exudation and oedema, ultra-violet radiation is 

contra-indicated. In less severe forms mild sedative 
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doses are beneficial. All discharge or crusts should 
be removed before irradiation. Starch poultices may 
be useful in this connection. 

The subacute forms so often associated with bac- 
terial (staphylococcal and_ streptococcal) infection 

Fic, 238.—The ‘‘ Uviare”’ Air-cooled Mercury Vapour Lamp being 
used for the Treatment of a Skin Lesion of the Forearm. 

respond most readily to ultra-violet treatment, on 
account of the bactericidal action of the rays, the 
increased blood supply to the part, and the stimu- 
lation of epithelial growth. The blue filter may often 
be used with advantage in these cases. 

The eczemas of childhood and infancy are gener- 
ally of this type, and respond well to irradiation, 
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particularly when associated with rickets, scrofula 
and anemia; and so do cases of eczema occurring 
at puberty nls in chlorotic girls. 
A mild erythema to stimulate the keratic function 

should be produced, and repeated two or three times 
weekly. General irradiation, in addition to local 
treatment, is often advisable, since it raises the 

general resistance of the body. 
The chronic forms are more resistant to treatment, 

and need more drastic measures. Third-deegree ery- 
thema should be produced; and if progress is slow— 
and especially in the infiltrated, scaly, lichenoid types 
—X-rays should be used 1 in conjunction with ultra- 
violet rays. | } 

Lomholt advocates fhe use of the “‘ Finsen ” lamp 
in cases of chronic eczema, especially i in dry, infiltrated* 
lesions where there is much hyperkeratosis, and has 
found it useful in many vesicular cases also. He — 
reports 60 per cent. of his cases of chronic eczema 
cured, and 25 per cent. improved, and he advises an» 

average exposure of fifteen minutes. Krythema should 
be produced in every case. 

Saidman obtains good results in resistant cases by 
the combined use of ultra-violet rays, X-rays and the 
high-frequency spark discharge. 
We have had good results in many cases of eczema 

intertrigo by combining actinotherapy and X-rays. 
It is worth saying again that in every case an en- 
deavour must be made to remove any primary cause, 
such as leucorrhcea, diabetes mellitus, hypothyroidism, 
or excessive acidity of the urine. 
Rhagades round the mouth and nose are often 
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relieved by ultra-violet radiation. Schindler advocates 

painting the affected part with 5 per cent. silver 

nitrate dissolved in 70 per cent. alcohol and then 

applying the rays locally. 
Cracks on the nipple and fissures round the anus 

are also benefited ,and the itching is often allayed. 

High-frequency applications may be combined with 

ultra-violet radiation with advantage in many cases. 

Seborrhceic dermatitis—especially of the scalp— 

responds with remarkable rapidity to ultra-violet 

radiation. 
Nagelschmidt has always found a few ao les heat 

sufficient to cure Seborrhwa capitis. He mentions 

fifty-three cases of alopecia of a seborrhoeic type 

which were all cured, generally after one application. 

It is probable that the best results with this treatment 

have been: obtained in Germany, where it is the 

national custom for males to wear the hair closely 

cropped. Nagelschmidt gives four tests of cure: 
(1) The disappearance of subjective discomtorts— 

tickling, itching, etc. 

(2) The cessation of the formation of scurt. 

(3) Regrowth of lost hair. 
(4) An increase in the length of the original growth 

or of the total growth. 
The scalp should be washed the day before irradia- 

tion. A stimulative third-degree erythema is necessary 
for each portion of the scalp, which should be carefully 
divided into furrows about half-an-inch apart, radiat- 
ing from the crown; non-inflammable combs should 

be used for this purpose. 
Another application should be given when the 



544. ULTRA-VIOLET RADIATION — 

reaction from the previous one has subsided. If 
three or four treatments are given every six months, 
at intervals of about twenty-one days, the scalp will 
be kept in a normal condition. : 

Seborrhea corporis is even more ‘satisfactorily 
treated by ultra-violet radiation than Seborrhea 
capitis; it can generally be cured rapidly. The 
“Kromayer”’ lamp should be used for treating any 
infiltrated areas. 

Erythema pernio.—As might be expected, ultra- 
violet radiation is particularly useful in this condition, 
owing to the stimulating effect of the radiation on the © 
peripheral circulation. The increase of calcium in the 
blood probably contributes to the improvement. A 
third-degree erythema should be produced, and general 
irradiation is of more value than local. If the con- 
dition is present in the fingers and toes only, diathermy 
or Schnee sinusoidal baths given in conjunction with 
the radiation are very efficacious. It is customary to 
give fifteen to twenty minutes’ bath treatment before 
the radiation. When the ears and nose are affected, 
ultra-violet treatment alone, or in conjunction with 
the high- ‘frequency discharge of vacuum electrodes, is 
indicated. Pain is soon relieved and any ulcers which 
may be present usually heal rapidly. 

Debilitated and anemic people subject to this condi- 
tion should undergo treatment with the onset of cold 
weather and continue with intermittent short courses 
until the spring. Arsenic and iron or calcium lactate, 
Kalzana, or Phytin may be given by the mouth 
during general treatment. Warm stockings should 
also be worn, and comfortably fitting boots. 
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Herpes (facralis, gentalis, and zoster).—Ultra-violet 

radiation is rightly considered to be the best method 
of treatment for this condition, The duration of 
the illness is considerably shortened, and scarring 
and pain are reduced to a minimum. If the condition 
is seen before definite development of the vesicles, 
the water-cooled lamp should be applied to each 
lesion, the quartz compressor being used. The vesicles 
in these cases will not develop, and the whole 

condition will be aborted. If the eruption is well 
developed and covers a large area, the air-cooled lamp 
is of more use. A second-degree erythema should be 
produced. 

The pain of the herpes will be greatly relieved 
alter the first application. The vesicles will dry 
up and fall off, leaving very little scarring, and the 
whole condition, even when severe, will clear up 
in a fortnight. No neuralgic pains remain after the 
Mer pnearance of the reals as olten happens in 
cases of herpes in old people who have been treated 
solely by medicine, when the condition is apt to prove 
most refractive. 

Neuralgia following an attack of herpes is greatly 
aided by irradiation producing a second-degree 

erythema with the air-cooled lamp, and the whole 
general condition of the patient 1s improved. 

Uririearva.—The intolerable itching, which is the 
most distressing feature of chronic urticaria, can soon 
be relieved by the application of ultra-violet rays, 
but, naturally, dietetic and medicinal measures should 
also be taken. A second-degree erythema with the 
air-cooled lamp applied generally is most satisfactory 

2M 
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asatule. We have often found that one application 

is sufficient to banish the itching. 

Anaphylaxis, which is the probable cause of urti- 

caria, is always associated with a decrease in the blood 

calcium. For this reason calcium lactate should be 

taken orally. 

At least twelve exposures should be given, begin- 

ning with two and a half minutes at thirty-six inches 

to both surfaces of the body, and gradually increasing 

to ten minutes at twelve inches. | | 

Prurigo—Ultra-violet radiation. is contra-indicated 

in Hutchinson’s summer prurigo. Finsen found that 

ultra-violet radiation generally cured prurigo senilis, 

and. that prurigo Besnier and prurigo Vidal were 

usually benefited. Good results have been reported 

in cases of Hebra’s prurigo, in treating which a mild 

erythema should be produced. Delicate children who 

have suffered for years from prurigo are generally 

benefited by irradiation. 

INFLAMMATIONS OF THE SURFACE HPIDERMIS 

Impetigo contagiosa.—The “ Kromayer” lamp is 

often advised for this condition, which is caused by 

the streptococcus, but equally good results may be 

obtained by the use of the air-cooled mercury vapour 

Local treatment should be given, and a third-degree 

erythema is necessary, both for its bactericidal effect 

and for the increase of blood and lymph it brings 

about in the part treated. All crusts and discharge 

must be removed, and the application of oil or starch 

poultices may be necessary to accomplish this betore 
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irradiation. A smart reaction is required, and the 
exposure is repeated when the first reaction is begin- 
ning to fade (on the second or third day, according 
to the severity of the reaction). The first applica- 
tion prevents the lesions from spreading, and if the 
condition is not too far advanced three or four 
applications will prove sufficient to cure the disease. 
The treatment should not be discontinued too soon, 
however, or a relapse may occur. It is often advan- 
tageous also to apply antiseptic omtments, but not on 
the day on which ultra-violet treatment is to be given. 

Kcthyma, which can be regarded as a severe and 
deeper form of impetigo, is generally improved by 
ultra-violet irradiation. 

Chronic staphylococcal dermatitis in children 
rapidly responds to actinic treatment. 

Pityriasis rosea responds well to ultra-violet radia- 
tion. The itching is relieved and the duration of 
the condition shortened. Mild doses of the rays to 
stimulate the keratic function of the skin should be 
given two or three times weekly. The condition can 

generally be ‘cured by a few treatments. ane 
Psorvasis.—As is well known, exposure to the sun 

(particularly the tropical sun) can cure this intract- 
able condition. It is very rare to find lesions on any 
part of the body habitually exposed to the sun’s rays. 
It might, therefore, be expected that ultra-violet 
radiation would be successful in the treatment of 
psoriasis, and this is often the case. 

Sequeira states that he has recently had “‘ a number 
of cases treated by light baths, and extensive eruptions 
have been entirely removed by them. The results 
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have been obtained after prolonged treatment, .and 

one extensive case was free from recurrence for two 

years.” 

Relapses, however, frequently occur in this disease, 

and it is quite impossible to state, at the outset, in 

which cases this is likely to take place. We have also 

known dissemination of .the disease occur during 

treatment. 

Patients who have not had a previous attack, and 

in whom the onset has been rapid, respond most readily 

to actinotherapy. Hither the air-cooled or the water- 

cooled lamp may be used to produce the necessary 

third-degree erythema. If three or four exposures, 

spread over a period of seven or eight weeks, are 

given after all signs of the lesions have disappeared, 

there is practically no fear of relapse in this type. 

It is often valuable to cover the patient’s skin with 

a very fine spray of sea-water before irradiation ; the 

sodium chloride and iodine in the water increase the 

effect of the rays. 
Generalized psoriasis is more resistant to treatment, 

especially if the patient has had several attacks, but 

it will often clear up after repeated doses. This type 

is more liable to relapse, and the patient must re- 

commence treatment as soon as the first sign of a 

return is noticed. 
The type most commonly seen—namely, the large 

isolated old-standing plaques on the knees and elbows, 
and often also scattered over the body—responds well 
to intensive treatment. If the patches are well 
localized the water-cooled lamp with compression is 
perhaps the most beneficial. The surrounding skin 
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Fic. 239.—The Standard Self-Contained © 

Combination Quartz Lamp Equipment, (The — 
Burdick Corporation, Milton, Wisconsin. ) 
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must be well protected, and prolonged exposures of the 

thickened areas are often necessary, because in these 

cases exfoliation is undoubtedly beneficial; two or 

three applications of X-rays often expedite the cure. 

It is advisable in severe cases, if the reaction 1s 

not too trying, to apply between exposures a mild 

keratolyric ointment, such as salicylic petroleum jelly, 

but the patient should have a hot bath and remove 

all the ointment and as many of the scales as possible 

with spirit soap before another irradiation. 
In this type the treatment should be carried on 

for two or three weeks after the disappearance of the 

lesions. | 
We have recently succeeded in curing with radia- 

tion a case of twenty years’ standing when all other 

forms of treatment, including injections of manganese, 

had been unavailing. 
After irradiation, the scales reappear much more 

slowly, the lesions become less coarse and indurated 

and after a time disappear and are replaced entirely 

by normal skin. The conjoint use of injections of 

manganese and ultra-violet radiation will shorten 

the time necessary to effect a cure. 

Goockerman advises the covering of the psoriasis 

lesions for twenty-four hours with crude coal-tar 

ointment (White’s formula), at the end of which time 

the excess of ointment should be removed with oil, 

and the parts irradiated with the air-cooled mercury 

vapour lamp for one minute at thirty inches distance, 

increasing by one minute each day. A bath is given 

at the end of treatment..,.He claims that all cases 

clear up in from three to four weeks. 
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In psoriasis we find it very difficult to give a correct 

prognosis at the commencement of treatment. Some 

cages do extraordinarily well and others do not seem 

to respond at all. . 

In psoriasis of the scalp compression treatment is 

sometimes useful. , 

We have had both successes and failures with local- 

ized types, as well as with widely spread lesions, but 

it is generally easy to say whether the result will be 

satisfactory after treatment for a week or two. 

Parapsoriasis.—Ultra-violet irradiation, combined 

with the internal administration of arsenic in the form 

of sodium cacodylate or solarson, often gives good 

results. | 

Xeroderma.—Patients with this condition are very 

sensitive to dampness and cold. The internal admunis- 

tration of thyroid extract is often helpful. Ultra-violet 

irradiation stimulates thyroid secretion and improves 

the nutrition of the skin, and is therefore very useful 

in this disease, which is characterized by an excessive 

dryness of the skin. 3 

Ichthyosis—A strong inflammatory reaction 1s re- 

quired in treating this condition, to produce erythema 

and also to stimulate the keratic function. | 

Rhinophyma.—We have treated mild forms of this 

condition with ultra-violet radiation, using the air- 

cooled lamp for the purpose. Severe forms are best 

dealt with surgically. A second-degree erythema 

should be produced. The whole appearance of the 

skin improves wonderfully after a few exposures, and 

the usual contrast between the red nose and the 

paler colouring of the other parts soon disappears in 
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the general pigmentation which follows the radiation. 
Appropriate dieting is also helpful. 

Rosacea.—Out of twenty-five early cases of rosacea 
Finsen was able to cure thirteen by means of ultra- 
violet radiation. Morris also achieved excellent results 
with the “Finsen” lamp. Mild hyperemic forms of 
Tosacea can be satisfactorily treated with ultra-violet 
rays trom the air-cooled lamp by producing a second- 
degree erythema. In the more severe types, such as 
the telangiectatic and the hypertrophic, compression 
treatment with the water-cooled lamp fitted with a 
blue “ Uviol” filter is necessary, a blister dose being 
given; this causes thrombosis and, subsequently, 
obliteration of small vessels, as well as contraction 
of the connective tissue. The results obtained are 
as good as those with X-rays, and are free from 
the dangers associated with the latter, 

INFLAMMATIONS OF THE DEEP EPIDERMIS 

Acne vulgaris.—Finsen, in the earliest results which 
he published, stated that he had cured, by the use 
of his lamp, thirteen out of twenty-five cases which 
had resisted ordinary measures. Acne, especially 
in its milder forms, responds very favourably to 
actinotherapy. In its most obstinate forms, which 
have resisted treatment with vaccines, medicines, 
Soaps, and ointments for years, marked improvement 
is generally obtained after the first few applications ; 
but when there is keloid formation or much indura- 
tion, and when there is a tendency to relapses, conjoint 
Rontgentherapy is also necessary ; hypertrophic scars 
become less noticeable after ultra-violet treatment. 
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In acne the general condition of the patient 1s very 

important, and at first about halt-a-dozen general 
exposures of the whole body should be given for their 
tonic effect; the anzemia often associated with the 

acne is benefited. Constipation should be avoided, 
and plenty of open-air exercise taken, with a plain 
diet and an avoidance of greasy and sugary foods. 
Sequeira has stated that in acne he has found that 
“artificial sunlight treatment given to the whole 
body has proved of value, probably by improving 
the general health, and possibly by increasing the 
hamobactericidal power of the blood.” 

The depth of the lesions has a great influence on 
the time required for cure, superficial lesions clearing 
up much more quickly than indurated. Comedones 
should be expressed mechanically before treatment, 
and if pustules are present these should be opened 
surgically and evacuated. Ultra-violet radiation soon 
controls the suppuration. It is advisable also to clean 
the skin with spirit before exposure. 

Heavy exfoliative reactions are necessary, because it 
_is most important to obtain satisfactory desquama- 
tion, which results in the shedding of all but the deep- 
seated lesions. During exfoliation mild applications 
of sulphur and resorcin can be made; bacteria 
are killed and the erythema stimulates the flaccid 
superficial muscles and the anzmic skin itself. The 
secretion of the sebaceous glands becomes thinner and 

less abundant. For ordinary Acne vulgaris, without 
induration, only four or five treatments are required. 
We have found that the chest and back respond to 
the treatment more quickly than the face ; probably 

SSS SS 
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shaving may account for this, since the heads of 
pustules are incised by the razor blade and the 
infection is thus spread. | 

In very stubborn cases weekly exposures to X-rays 
are very helpful. X-rays directly inhibit the activity 
of the sebaceous glands, and this is very useful in 
cases which tend to relapse. | 

Sycosis.—This intractable condition can often be 
benefited by ultra-violet radiation, especially when 
combined with epilation and the application of anti- 
septics, such as iodine or perchloride of mercury. 
Schindler advocates painting the affected parts with 
a solution of 5 per cent. silver nitrate in 70 per cent. 
ethyl alcohol, and then applying local irradiation. 
General irradiation should always be applied in these 
cases, because it is possible by this means to raise the 
resistance of the patient, especially when he is suffering 
from debility. See 

In the more resistant chronic type, heavier dosage 
and more patience are necessary ; epilation should 
be produced with X-rays, and afterwards compres- 
sion treatment with the water-cooled lamp is often 
beneficial. | j 
~The treatment should be continued for two or three 

weeks after the disappearance of the condition, to 
avoid relapse. | 

Alopecia.—Alopecia areata especially gives remark- 
ably successful results with irradiation, which 1s now 
considered to be by far the best treatment for this 
condition. Finsen reported 39 cases cured out of 
49 treated with his lamp. Of Nagelschmidt’s 104 
patients who completed their treatment, 80 were 

ACTINOTHERAPY IN DERMATOLOGY 555 

completely cured, 16 improved, and only 8 were not 

benefited. 
Out of 22 cases of Alopecia totalis, 14 were cured. 

McCormac states that he was able to cure five cases 

of several years’ standing out of six treated. 

One doctor mentions two cases of almost complete 

baldness of some thirty years’ standing which began 

a new growth of hair after six weeks’ treatment with 

bi-weekly exposures. The improvement in the growth 

of hair is undoubtedly due to the increased blood 

supply in the scalp produced by the erythema; a 

localized depression of the sympathetic nerves may 

cause the arterioles to dilate. 
Recent cases have, of course, the best prognosis. 

If the hair follicles are atrophied the results are not 

so good, and when the follicles have been destroyed by 

wounds no improvement can be expected. 

Progressive cases, where hairs are still coming out, 

do not give such good results with actinotherapy, and. 

local irradiation will not prevent other non-irradiated 

patches from coming out. 
For small areas the “‘ Kromayer”’ lamp should be 

used, with compression ; for larger areas the face and 

ears should be carefully covered with a towel pinned 

round the margin of the hair, and the air-cooled lamp 

should be used, producing a fourth-degree erythema, 

with an initial dose of from ten to twenty minutes 

at twelve inches distance, the dosage being gradually 

increased. 
Treatment should be reapplied when the previous re- 

action has faded, usually in seven to fourteen days. One 

application is sometimes sufficient to cure.a recent case. 
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Men are naturally more easily treated than women, 
whose hair has to be parted and retained in position 
during treatmént. 

The regrowth of hair usually begins in from ten to 
twenty days after the commencement of actinic treat- 
ment. Fragile white lanugo hairs first cover the site 
of the lesion, and gradually normal hairs appear, 
which in several of our cases have been darker than 
the original growth. | 

Treatment should always be patiently persevered 
with in Alopecia areata, even though it may seem, for 
a considerable time, quite unlikely that any favourable 
response will take place. hee 

Alopecia seborrheica has already been mentioned, 
Ultra-violet radiation is sometimes useful in Alopecia 
prematura. 

When treating ringworm and impetigo on the scalp, 
and when the hair covering and surrounding the 
lesions is cut short, we have noticed that it grows with 
great rapidity and needs clipping every two or three 
days. After irradiation has ceased the cut portions 
are soon indistinguishable because the clipped hair 
regains its normal length so quickly. 

Lichen planus.—Ultra-violet radiation is sometimes 
useful for relieving the irritation which is often so 
troublesome in the acute stages of this disease. A 

second-degree erythema should be produced, and 
repeated when the first reaction has disappeared. 

In the cases we have treated, however, we have 
never found any improvement in the lesion itself. 
Resort has usually to be made to X-rays, especially 
in chronic cases affecting the-shins. 
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Onychia.—Varying results can be expected in treat- 

ing onychia with ultra-violet rays, from the fact that 

onychia is a term describing any inflammation of the 

Fic. 240.—The K.B.B. “ Kerr Russell” Housing being used for the Treatment 

of a case of Onychia. The Detachable Curtain is seen in use. 

nail, matrix, nail bed, or fold. We have had successtul 

results with the cases we have treated. 

General treatment, giving a first-degree erythema, 

should be combined with local applications of the air- 

cooled lamp. For local irradiation we use the velvet 

curtain attached to our own housing; the hands (or 

feet) are laid flat, with fingers (or toes) outstretched, 
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and at the first irradiation five minutes at twelve 
inches from the burner can be given safely ; this can 
be increased later to fifteen minutes at eight inches. 
The curtain prevents any rays from falling on the 
arms or face. 

Treatment has generally to be very prolonged, owing 
to the inaccessibility of the parts, even if the nail 
has been enucleated, but the results obtained are well 
worth the trouble. 

The difficulties are greatest when the inflammation 
affects the nail-fold or the matrix. 

Tinea (circinata, tonsurans).—-Eixperimentally it has 
been found that ultra-violet radiation will not kill 
the fungi. Ringworm on the body can, however, be 
cured with one exfoliative dose produced by the 
“ Kromayer” Jamp, using compression. The des- 

-quamation removes the parasites mechanically. This 
method of treatment should not be resorted to on 
the face or other exposed parts of the body, . since’ 
pigmentation usually follows. If the patches are 
large, the air-cooled quartz mercury vapour lamp may 

_ be used. 
Ultra-violet radiation passed through an oxide-of- 

nickel filter and used in a darkened room is invaluable 
for diagnosing cases of suspected Tinea tonsurans. 
Kach infected hair stands out vividly, showing a 
brilliant greenish fluorescence. When the whole of the 
hair has been closely cropped, and fluorescence is only 
visible on one or two small localized patches, several 
intense irradiations with the “Kromayer” lamp, 
using compression, will often effect a cure: it is only 
fair, however, to say that this is a rather uncommon 
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condition, and that the condition is generally widely 

spread, making X-ray or thallium acetate epilation an 

absolute necessity. 

Loca INFECTIVE [INFLAMMATIONS OF THE 

CoRIUM 

Erysipelas. —'This streptococcal skin infection 

generally responds very well to ultra-violet radiation. 

Czepa, who has treated over a hundred cases with 

ultra-violet radiation, is very well satisfied with the 

results. | ee. 

The inflamed area and one inch of surrounding skin 

should be irradiated with the water-cooled lamp, a 

third-degree erythema dose being given. The alr- 

cooled lamp may also be used, and the following 

dosage given : 

First application . SSO minutes at 7 in. 

Sees . 12 minutes at 18 in. 

Third et . 15 minutes at 12 in. 

We have treated a large number of cases, and have 

found that if irradiation is given early enough one 

application is generally sufficient. ‘The pain is relieved 

immediately and the temperature rapidly falls. ven 

in the most severe case It is never necessary to give 

more than five exposures. Irradiation should be given 

very day. 
munca Sop lesions, boils, carbuncles, 

localized axillary furunculosis, pyodermia in children, 

and ischio-rectal, mammary, and alveolar abscesses 

yield readily to radiation from the air-cooled or water- 

cooled mercury vapour lamp. Sugar in the urine Is 
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not a contra-indication to ultra-violet treatment, but 

it indicates the need for a much more guarded prog- 
nosis. We ourselves tested the effect of ultra-violet 
rays on cultures of staphylococci, and found that ex- 

posures of five seconds at a distance of ten inches from 
the air-cooled mercury vapour lamp were sufficient to 
kill the organisms. 

The local action on the lesion is directly bactericidal 
as regards surface organisms, and there is an increased 
blood supply to the part, with an augmentation of the 
lymphocytes and phagocytes. A single lesion 1s most 
effectively treated with the water-cooled lamp; if it 
is in its early stages a single application, with the 
quartz compressor producing a blister, will often abort 
the condition altogether, or cause the lesion to subside 
rapidly without pus formation, causing an almost 
immediate relief of pain. If pus 1s present it should 
be evacuated before actinic treatment is commenced, 
and then a severe erythema should be produced by 
an exposure at a very short distance from the burner. 
In every case an area half-an-inch beyond the circum- 
ference of the lesion should be irradiated, but not 

too strongly or further infection might occur. 
Patients who are subject to septic conditions should 

undergo general irradiation also, so that the bacteri- 
cidal action of the blood may be improved and the 
resistance of the whole body increased. The pigmenta- 
tion which occurs also protects the skin from bacterial 
invasion. 
 Ultra-violet radiation is thus invaluable as a pro- 
phylactic agent in the treatment of patients with low 
resistance to pyogenic organisms. ‘The old-fashioned 
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poultices so greatly in vogue in treating these con- 

ditions were often the means of spreading the infection 

and causing secondary lesions. : 

In a case of refractory carbuncle—a condition 

which occurs occasionally—an application of A-rays 

will often hasten a cure. | 

Benign Pemphigus and Dermatites herpetiformas.— 

Actinotherapy will not cure these conditions, but 1t 

will prevent relapses. Mild doses should be given. 

Lupus erythematosus.—Good results can. be obtained 

by the use of ultra-violet radiotherapy in this 1n- 

tractable disease. Actinotherapy should never be 

employed, however, in cases where dissemination is 

occurring. 
Finsen cured fourteen cases out of forty-four treated 

with the “Finsen’”’ lamp, and improved fifteen. 

Morris and Dore state: ‘“‘We have treated a con- 

siderable number of cases of lupus erythematosus, in 

nearly all of which some improvement took place ; 

of fifteen cases thirteen were greatly improved and 

only two showed no improvement.” } 

Sequeira, however, considers that “the Finsen 

light treatment is of value in a small proportion of 

the chronic cases, but undoubtedly may increase the 

area of the eruption in the more acute type.” 

There is probably no skin disease about which 

so many contradictory opinions on the value of 

actinotherapy have been expressed as in Lupus 

erythematosus. | 

Both the telangiectatic and scaly forms do well 

with general irradiation, particularly if injections of 

a special gold preparation are given at the same time. 

2N 
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Great care must, however, be taken when this com- 
bined therapy is adopted: in one of our cases a 
very extensive, deep purple-coloured confluent papular 
eruption appeared over the trunk, which took over a 
year to subside. Local treatment with the “‘Kromayer”’ 
lamp is, however, most important, and very strong 
doses of five to thirty minutes with compression 
should be given. We have often noticed after the 
reaction has subsided that the irradiated area is easily 
distinguishable from the adjacent untreated parts, 
because it is so much paler. 

Diathermic cauterization is sometimes useful in 
refractory cases. 

Soft Chancres have given satisfactory results with 
ultra-violet radiation. In the early stages trradiation 
with the water-cooled lamp under compression gives 
the best results. 

If suppuration has taken place the pus must be 
evacuated before irradiation. Irradiation hastens 
healing in fistulous and ulcerated forms. The time 

taken to cure the condition varies, of course, with its 

severity, and ranges between a fortnight and four or 
five months. 

Obstinate cases sometimes occur, and two or three 

exposures to X-rays will hasten resolution of these. 
Syphilos.—Ultra-violet radiotherapy 1s an invalu- 

able adjuvant in the treatment of syphilis. In this 
disease there is usually a very poor general state of 
health, and severe anzemia is nearly always present. 
General irradiation quickly relieves the anemia, as 
can be confirmed by blood examination, it increases 
the defensive mechanism of the blood, and there have 

st eee nme ts oe oe Se z - 

' 

ACTINOTHERAPY IN DERMATOLOGY 563 
been a few cases where the Wassermann reaction was 
positive before irradiation and negative afterwards, 
though this is not a regular occurrence. There 1s no 
doubt that ultra-violet radiation increases the toler- 
ance of the body to drugs and causes their more rapid 
excretion. Patients undergoing antisyphilitic treat- 
ment who are not responding well, and who are 
subject to syncopal attacks and vomiting, do well if 
the injections are stopped and general ultra-violet 
radiation is substituted for a few weeks, followed by 
the two forms of treatment given in conjunction. 

Ulcers and broken-down gummata respond rapidly 
to local irradiation, which causes dead tissues to be 
cast off and stimulates the formation of granulations. 
A description of a case has been published in which a 
tertiary sore healed with five local applications, and 
another where a hard chancre healed in ten weeks, 
with a disappearance of the inguinal gland enlarge- 
ment. Breiger has obtained improvement in syphilitic 
bone lesions by general irradiation. 

Local irradiation of the scalp is valuable in syphilitic 
alopecia when it is combined with the administration 
of mercury and salvarsan. Rollier has obtained satis- 
factory results in the treatment of syphilis by com- 
bining heliotherapy with antispecific medicaments. 

New GROWTHS 

Kelord.—Concentrated ultra-violet rays, using the 
“ Kromayer”’ or “‘ Finsen” lamp with compression, 
have given good results in recent cases where the lesion 
was not too thickened. Kromayer advises strong 
doses of half-an-hour with the blue “‘ Uviol”’ filter. 
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Other workers prefer ultra-violet radiation used con- 

jointly with radium or X-rays. We have found the 

former method very satisfactory. 
Old Scars and Cicatricial Contractures.—Morris and 

Dore state that “all cases of simple hypertrophic 

scars showed improvement with ultra-violet radi- 

ation, and in some cases it was much greater than 

could have been anticipated.” Volk has often seen 

scars in lupus patients recede very well when the 

‘* Kromayer ”’ lamp fitted with a blue filter was used 

with compression. 
Scleroderma.—Good results have been reported with 

actinotherapy in this condition. 
Nevi pigmentosi.—These blemishes can sometimes 

be removed satisfactorily by giving blister doses of 
ultra-violet rays. 

The ‘‘ Kromayer ”’ lamp with a compressor is the 

most convenient apparatus to use, and the surround- 

ing skin must be effectively protected by means of 

chamois leather, lead-foil or, most conveniently, 

adhesive plaster. In some cases a single application 

will remove a mole, but generally two or three are 

necessary. The exposure should not be repeated until 

the reaction from the previous application has faded. 

Diathermic cauterization with sparks, or the use 

of carbon dioxide snow, will often give more speedy 

results, but the skin covering the site of the lesion 

approaches the normal most nearly after the use of 

ultra-violet rays. 
Angvoma Simplea or Port-Wine Stan.—Hlectrolysis, 

radium, carbon dioxide snow and ultra-violet rays 

are all used in the treatment of this condition. The 
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difficulty of this can be realized when it is remembered 
that the dilated vessels are actually in the skin itself, 
and that it is necessary to cause their disappearance 
with as little damage as possible to the surrounding 
tissue. There is no doubt that this can best be 
achieved by means of ultra-violet irradiation under 
compression, because no permanent scar follows the | 
most severe reactions, and the skin texture quickly 
assumes its normal characteristics, apart from some 
pigmentation which may persist for several months, 
but this is negligible compared with the original 
disfigurement. 

Finsen published an early record of nineteen cases 
treated by him; in a few instances disfigurement 
entirely heehaperned, in others the colour diminished 
in intensity. 

The ‘‘ Finsen”’ or “‘ Kromayer ”’ lamp should be used 
with quartz compressors about an inch in diameter. 

If the lesion is small (say, one or two inches in 
diameter) it may be treated at one sitting ; otherwise 
portions of the lesion, as widely separated as possible, 
may be irradiated on the same occasion, and others 
chosen on the next until the whole area is cured. 
Exposures lasting for from five to twenty minutes 
should be given, and fourteen days should be allowed 
to elapse before any area is a second time irradiated. 
Thin, bluish non-hypertrophic cases which disappear 
on pressure give the best results, and sometimes only 
one exposure to each area is necessary to eradicate 

the condition. : | 
When deep reddish blue coloration is present treat- 

ment is more prolonged, and when there is much 



566 ULTRA-VIOLET RADIATION 

hypertrophy of the tissues Ones methods of treatment 
should be chosen. 

Occasionally exposures of sixty minutes’ duration 
to one area are required, and failure must often be 
acknowledged in very deep-seated lesions. If there is 
not an improvement after six applications of ultra- 
violet rays the treatment should be discontinued. An 
emollient cream should be applied to the area which 
has been irradiated. Healing generally takes place in 
from seven to ten days, and in successful cases the 
lesion becomes lighter in colour after each application, 
until it is normal. 

Xanthelasma palpebrale-—Concentrated ultra-violet 
rays trom the “ Finsen”’ or “ Kromayer ”’ lamp will 
cure this condition. Lomholt considers that actino- 
therapy gives much better cosmetic results than 
excision. Sometimes only one application is necessary, 
but more often two or three are required. 

Stellate Veins.—Spider nevus (N@vus araneus) is 
generally treated by electrolysis, but ultra-violet 
radiation with compression will give equally good 
results. Only one or two treatments are required. 

Telangiectases often occur after prolonged X-ray 
treatment in such cases as exophthalmic goitre, and 
are very unsightly ; Hagen advocates the administra- 
tion of strong doses with the water-cooled lamp, using 
compression, so as to induce the necessary Arteritis 
obliterans.. He claims that only one or two applications 
of twenty minutes’ duration are needed, and that the 
cosmetic results are very satisfactory, only a faint 
white scar remaining after the reaction has com- 
pletely disappeared. Volk, on the other hand, advises 
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the exercise of great caution, as he has seen ulceration 

follow irradiation. We have treated a case of Keratosis 

pilaris of the axilla with actinic radiation without 

effecting any improvement. 
Ulcers (varicose, perforating, and tubercular).— 

Changes which take place in the basal layer of the 

epidermis after ultra-violet irradiation lead to the 

development of an increased tolerance to the rays. 

This is not the case, however, in tissues devoid of 

this important epidermal layer, and when they are 

irradiated the dosage should not be increased. 

Chronic indolent ulcers, however caused, should be 

treated by ultra-violet radiation. Patients suffering 

from chronic ulcers are invariably found to have a 

decreased blood calcium content, and therefore general 

irradiation must be carried out in conjunction with 

local treatment in these cases. Actinotherapy causes 

an increase in the blood calcium and in the bactericidal 

properties of the blood, and improves the general 

health. 
Locally, a severe reaction is necessary at first. The 

lesion must be carefully cleaned and all pus and crusts 

removed before exposure. The result is a direct bac- 

tericidal action on the organisms on the surface of the 

ulcer and an increased blood supply to the part, which 

stimulates the growth of healthy granulation tissue 

and leads to the elimination of morbid tissue. After 

the first one or two exposures great relief is felt from 

the irritation and pain which often accompany the 

condition, and new epithelial formation can be noted 

round the edge of the lesion. This epithelium 1s very 

delicate, and great care must be taken to protect it 



Fic. 241.—lIllustration showing the adaptability of our Suspension Housing, 
manufactured by Kelvin, Bottomley & Baird. The Lamp is being used 
for the Irradiation of the Ankle in a case of Varicose Ulcer. 
is protecting the patient’s face and hands, 

The Screen 
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from destruction during subsequent exposures. It 

+g often advisable, therefore, to use the blue “Uviol-’ 

Giter after the first two or three applications, and to 

cover up the new epithelium during irradiation. 

The lamp should algo be used at a greater distance 

than usual. | i 

Treatments once or twice weekly are advocated. 

Some refractory cases heal more quickly if zinc 

‘onization is carried out in conjunction with the 

ultra-violet radiation. 

In old-standing lesions, where a large amount of 

cicatricial tissue is present, diathermy, X-rays, or 

radium may be applied to soften the scar tissue before 

commencing actinotherapy. 

Rodent Ulcer.—Finsen obtained a favourable result 

in eleven cases out of twenty-four treated, and Morris 

and Dore obtained good results with the “ Finsen” 

lamp in the pre-ulcerative stages of the condition. 

Radium or diathermy, however, seems to be the 

method of choice now. 

Wounds.—Surgical measures should obviously be 

the first consideration in the case of fresh wounds, but 

ultra-violet radiation is exceedingly useful when there 

is any delay in healing. The production of an intense 

erythema is very valuable in causing sloughs and 

other dead tissue to be thrown off. If it is possible, 

the base of the wound should always be irradiated. 

When healthy new granulation tissue begins to 

appear, and epithelial growth occurs, much milder 

doses should be given, so as to avoid injuring the 

delicate new cells. Epithelium can only grow over 

‘a wound from the edges when all the basal epidermal 
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layer has been destroyed; and therefore mild irra- 
diation of the edge of a wound will stimulate the 
growth of epithelium at this stage. The blue filter 
may be used with the air-cooled lamp, or the lamp 

. Fia. 242.-—The ‘‘Uviol” Blue Glass lilter for use th the * British 
Hanovia” Air-cooled Quartz Mercury Vapour Lamp. 

may be applied to the wound at a greater distance 
than usual, so as to make use of the air as a filter 
for cutting out the shorter wave-lengths. 
Skin Grafts.—Better results are obtained if ultra- 

violet rays are applied, because they have a sterilizing 
effect and stimulate epithelial growth. | 
. Bedsores.—General irradiation should be given, to 
increase the calcium content of the blood and improve 
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the general condition of the patient. A stimulative 

erythema (second or third degree) is beneficial i 

applied to the site of a threatened bedsore. Long- 

standing lesions need treatment similar to that given 

to chronic ulcers. 3 
Anomalies of Pigmentation (Chloasma, Leucoderma, 

-and Lentago) : 
Chloasma.—Good results have been reported with 

ultra-violet radiation in this condition which occurs 

in pregnancy. 7 
Leucoderma or Vitiligo—Improvements in some 

cases of leucoderma have been obtained, but, on the 

whole, the results of ultra-violet radiation are not very 

satisfactory. Recently eau-de-Cologne , containing ber- 

gamot oil, has been painted on to the non-pigmented 

areas before irradiation, and better results have been 

obtained by this means, the normal skin having been 

carefully protected. Pigmentation has been developed 

in the achromic areas and has lasted several months. 

Areas normally uncovered have been found to respond 

better than those which are screened by clothes, but 

failures have also been reported in treating these. 

Lentigo or Freckles —Actinotherapy 1s not of any 

use in this condition. 

A Frew ItLuustRATIVE CASES 

Baker’s Dermatitis —Case 33. A man, aged 35, a 

baker by trade, came with a moist eczematous 

condition affecting both arms from the fingers to 

the elbows. The arms were exceedingly irritable. 

Prolonged medicinal treatment had proved unavail- 

ing. On eight occasions the arms were irradiated 
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with the air-cooled mercury vapour lamp, and at the 
end of that time the skin was perfectly normal. 
iczema.—Case 34. Female, aged 28, came to us 

suffering from extensive patches of moist eczema in 
each axilla. She had been treated for several months, 
by different medical men, with various lotions and 
ointments, but without appreciable success. Mild, . 
sedative doses of ultra-violet rays were given, and 

_ aiter nine applications, spread over a period of three 
weeks, the condition was entirely cured. Several 
months afterwards there had been no recurrence. 
This case was particularly interesting, since it was 
one of the worst cases of regional eczema we had 
ever seen. 
Kezema.—Case 35. Female, aged 30, had eczema on 

the dorsa of both hands for seven years. Medicinal 
treatment had been entirely unavailing. In all, thirty- 
one applications were given with the air-cooled lamp 
and two with the water-cooled. After a few treat- 
ments the condition healed, but subsequently broke 
out again. Now the lesions are satisfactorily healed 
and.there has been no recurrence for over fifteen 
months. The first exposure with the air-cooled 
lamp was two and a half minutes at a distance of 
thirty-six inches, gradually increasing to ten minutes 
at eight inches. Only the hands were exposed to the 
Trays. 

Kezema intertrago.—Case 36. Female, aged 46, had 
suffered from very severe eczema intertrigo for 
four years. It was associated with intense pruritus 

— and pain, and great difficulty in walking. She had had 
treatment trom several doctors, without any improve- 
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ment resulting. She was treated with a multiple arc 

lamp, using special white-flame carbons. After the 

second irradiation the lesion looked better, but there 

was no alleviation of the pruritus. The condition 

was cured after fourteen applications of ultra-violet 

radiation and four of X-rays. | : 

Chilblains—As has already been mentioned, this 

condition is, in our opinion, best treated by a 

combination of ultra-violet radiation with Schnee 
sinusoidal baths, and we have adopted this method 

with beneficial results. 
Case 37 is typical. He had had chilblains on 

the hands and feet for years, those on the hands 

generally breaking. After four combined treatments, 

as described above, the condition completely cleared 
up, and so far there has been no recurrence. 

Case 38. We had a curious case a short time ago of 

a woman who came to us complaining of coldness in 

the breasts, and stated that she had sat at an open 

window for a considerable time in her nightdress 
a few days previously, watching something on the 

street, On examination, the breasts were found to 

be cyanosed and cold, as if affected by a condition 

of venous stasis. The erythema produced by one 

application of ultra-violet radiation gave immediate 

relief, and the chilly feeling was followed by a com- 

fortable, warm glow. The same result could probably 

have been obtained with oil of mustard or a mustard 

plaster, but the radiation was more pleasant and 

equally efficient, and it must also be remembered 

that there are a number of places where a mustard 

plaster could not possibly be applied. A week later 
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the beneficial effect had not waned, and there was no 
subsequent return. 
Herpes.—Case 39. Female, ee 64, had very marked 

Herpes zoster, which formed a band five inches wide 
and twenty long round the left side of the abdomen 
and back. The pain was very marked, and the patient 
stated she had been unable to sleep for a week. After 
the first application of ultra-violet rays, of two and a 
half minutes at twenty-four inches, there was a com- 
plete cessation of pain, and she slept soundly at night. 
In all, she had nine exposures, spread over a period 
of tour weeks, the last two being accompanied by dia- 
thermy (auto-condensation couch). The lesions healed 
with very little scarring, and there was no subsequent 
neuralgia, which often follows this condition in elderly 
people, and generally proves very intractable. 

Case 40. Male, aged 18 years, suffering from herpes 
ol the face, was cured with four exposures to the 
rays, extending over one week, the herpetic lesions 
disappearing with the resultant desquamation. 

Impetigo.—Case 41. Female, aged 19 years, had an 
impetigo of the chin which was rapidly spreading. 
An exposure of two minutes at ten inches from the 
mercury vapour lamp was given, which caused a smart 
reaction and immediately stopped the spread of the 
condition. The following day an exposure of four 
minutes at ten inches completed the cure. The ap- 
plication was followed by profuse desquamation, and 
at the end of the week the skin was again normal. 
We have treated a large number of children suffering 
from this condition, and have been uniformly 
successful. | | 

| 

i! 

ACTINOTHERAPY IN DERMATOLOGY, 575 

Psoriasis.—Case 42. Female, aged 42, had had this 
condition for over twenty years on various parts of the 
body. She had been treated with ointments, includ- 
ing chrysarobin, and recently had undergone a course 
of injections of colloidal manganese. This was 
followed by an improvement, but the lesions on the 
knees and elbows remained. After thirteen exposures 
to themercury vapour lamp the lesions were practically 
unnoticeable, and the patient has been able to wear 
sleeveless gowns for the first time for many years. 

Case 43. Male, aged 35, was a very severe case of 
psoriasis, being practically covered from head to foot 
with lesions. He wasa seafaring man, and consequently 
was unable to come regularly for treatment. He gave 
us an interesting account of the effect of natural 
sunlight on his condition, stating that when he was 
trading in the tropics, and was able to expose his 
body systematically to the sunlight, the condition 
completely disappeared in nine months, but returned 
four months later when he came home. 

Case 44. Female, aged 48 years, had had psoriasis 
for thirty-one years. ‘There were very large indurated 
patches, principally on the abdomen and back. The 
condition was completely cured after thirty-one 
applications of the air-cooled quartz mercury vapour 
lamp to the whole body, and fourteen applications of 
the **,.Kromayer ’”’ lamp to different areas. Several 
months afterwards.there had been no sign of relapse. 

Case 45. Female, aged 55 years, had had psoriasis 
for many years; the lesions were small, being about 
the size of a shilling, and uniformly distributed over 
the body and limbs. She was completely cured after 
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seventeen applications of the air-cooled mercury 
vapour lamp. A year has now elapsed and there 
has been no sign of any recurrence. 

Case 46. Male, aged 48 years, had had psoriasis for 
fourteen years. Medicinal treatment had been entirely 
unavailing. General treatment with the mercury 
vapour and carbon arc lamps was given on twenty-five 
occasions, and local treatment with the ““ Kromayer ” 
lamp on ten, and three applications of X-rays were 
made. A large area on the abdomen showed improve- 
ment where the compressor of the “ Kromayer ”’ lamp 
had actually been applied: the skin became almost 
normal. Later the condition became as bad as it 
had been before treatment, and many new lesions 
appeared on the back. Treatment had therefore to be 
discontinued, and it seems definitely established that 

it is unwise to continue actinic treatment if an acute 
exacerbation takes place, with the appearance of new 
psoriasis lesions. 

Ichthyosis—Case 47. Girl, aged 12, who had had 
this condition practically since birth, improved greatly 
with a course of general ultra-violet treatment. The 
skin became healthier and more supple. 

Acne.—Case 48. Male, suffering from acne of twenty 
years’ standing on the front and back of the chest, 
had tried many forms of medicinal treatment with- 
out any improvement. The first application to the 
back, followed as it was by desquamation, apparently 
cured it, but subsequently another crop of pustules 
appeared. The condition was finally cured, however, 
after twelve applications, extending over a period of 
five weeks. 

20 
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Case 49, which was similar to Case 48, was cured in 
seven applications, extending over three weeks. 

Cases 50 and 51. Recently we have treated two 
cases of Acne rosacea, one of which had had a pro- 
longed course of vaccine treatment without any 
favourable result. Ten applications completely 
cured one case, and thirty-five irradiations with the 
air-cooled mercury vapour lamp the other. A year 

‘ afterwards there had been no relapse. 
Sycosis—Case 52. Man, aged 24 years, had had 

sycosis for three years, affecting his chin and upper 
lip. The condition had resisted various forms ot 
treatment, including the administration of vaccines. 
Both general and local irradiation were given with 
the air-cooled mercury vapour lamp and the poly- 
metallic arc lamp. The condition cleared up alter 
eight treatments, spread over a period of two 
months, but recurred three months later. A second 
course of treatment, consisting of thirteen applica- 
tions, extending over a period of three months, was 
given, and the skin once more became normal. Three 
months later there was no sign of relapse. 

It is, however, only fair to mention that other cases 
have not responded well to treatment until epilation 
has been performed either by means of X-rays or by 
hand. | 

Alopecia areata.—Case 53. Female, aged 24, in 
July 1926 noticed a bald patch, about an inch and a 
half in diameter, over the left parietal region. In spite 
of the application of lotionsthe condition became worse, 
and when we first saw the patient, in February 1927, 
the scalp was almost completely bald. Exposure to 

| 

| 
| 
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the quartz mercury vapour air-cooled lamp was given to 
the whole scalp. After four applications, over a period 

of four weeks, the scalp was almost covered with fine 

white hair. Three further exposures were given during 

the second month, after which the scalp was covered 

with a thick growth of black hair, except for a few 

Fic. 244.—Case 20: Alopecia areata before.and after Treatment. 

small, thin patches, about the size of sixpenny pieces, 
over the occipital area; these were treated locally by 
means of the “‘ Kromayer”’ lamp. Two applications 
were given, and no further treatment was necessary, 
because the patches soon disappeared. 

Case 54. Male, aged 22, had large patches of 
Alopecia areata on the back and sides of the head, 
of six months’ duration. The condition became worse 
during treatment with lotions. The ‘ Kromayer ”’ 
lamp was used to treat the several areas individu- 
ally, and exposures of from five to seven and a 
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half minutes at a distance of four inches were given. 
The lesions were all uniformly covered with fine 
lanugo hair after four exposures. Fresh lesions, 
however, developed, and eight further irradiations 
became necessary. The hair is now perfectly normal, 
except that the new hair is much darker than that 
covering the rest of the head. 

Another case (55). A man of 43 had had Alopecia 
areata for eighteen months. Five weekly exposures 
with the “‘ Kromayer”’ lamp were sufficient to cover 
the patch with fine white hair, which was gradually 
replaced by normal hair. 

Cases of seborrhceic baldness in men have been 
treated, but progress is slower than in cases ol 
Alopecia areata, for which ultra-violet radiation 1s | 
practically a specific remedy. 

Tinea.—Case 56. Girl, aged 4, suffering from = 
widespread lesions on the back, abdomen and legs. 
All the lesions had completely disappeared after five 
applications of the rays, and there was no subsequent 

recurrence. This case was of interest because several 
other children in the family were being treated 
medicinally. for the same condition at a clinic, and 
were making extremely slow progress, the condition 

remaining uncured after several weeks. 
Tinea tonsurans.—Case 57. Boy, aged 4, was treated 

two anda half years ago. At first he had a single patch 
of tinea tonsurans over the left temporal area, about 
the size of a two-shilling piece. Treatment was given 
for two minutes with the small quartz compression 
lens attached to the “‘ Kromayer ”’ lamp, the area sur- 
rounding the lesion being purposely left unshielded. 
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Three days later the same area was given five minutes’ 

exposure, with compression. A week later a further 

exposure of five minutes was given, and one of two 

minutes to a fresh area which had developed. 

Seven days afterwards three different areas were 

each treated for three minutes ; the original patch was 

now normal. During the next fortnight four applica- 

tions of five minutes’ duration were made to four 

separate areas. A week later, ultra-violet radiation 

filtered through an oxide-of-nickel filter revealed the 

fact that the scalp was free from infection, and there 

has been no recurrence of any kind since. | 

Lupus erythematosus——Case 58. Male, aged 36, 

had extensive lesions on both cheeks. Five local 

applications with the quartz compressor attached to 

the “ Kromayer ” lamp were given; intense reactions 

resulted, with marked cedema, and when these had 

subsided, in about a week, the different areas of skin: 

which had been treated appeared to have become 

quite normal. General treatment was also given. 

Chronic Onychia.—Case 59. Female, aged 34, came 

complaining of onychia affecting all the digits of both 

hands. The condition had been in existence for a year. 

The fingers were exceedingly painful and tender, so 

that she had difficulty in using them at all. Local 

and general treatment were combined, the air-cooled 

mercury vapour lamp being used in each case. The 

condition of the fingers was splendid after forty 

treatments spread over a period of five months. 

Three months later there had been no recurrence. 

Carbuncle—Case 60. Female, aged 46 years, had a 

very large carbuncle situated on the posterior suriace 
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of the lower part of the chest wall. The condition was 
very extensive and wide incisions had to be made. 

Overhead Lamp with three burners, two ‘‘Jesionek” Lamps, one ‘‘ Alpine Sun” Lamp and two ‘‘Sollux” Lamps can be seen ; also the Dosage Rings on the floor. 
Fie. 245.—Special Irradiation-Room fitted with Lamps which are built into the walls. An 

An area in the centre of the scar was very intractable, 
and refused to heal under ordinary treatment. After 
six applications of ultra-violet rays the wound had 
completely healed. 
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Very rapid healing was achieved in the case of a 

oranulating wound, resulting from a scald, ona child’s 

arm. 
Chronic Ulcers.—Case 61. Female, aged 65, had 

suffered for twelve years from a varicose ulcer situated 

on the lower third of the right leg. It was accompanied 

by a good deal of varicose eczema and consequent 

irritation. Various kinds of dressings had been ap- 

plied, including bismuth. subgallate and Unna’s paste, 

and the patient had rested for months in bed without 

any favourable result. During the first week of ultra- 

violet treatment applications were given daily. After 

seven days the itching, which had been almost un- 

bearable, had entirely disappeared, and the ulcer 

itself had healed. Applications were continued thrice 

weekly for the accompanying eczema, and by the 

end of ten weeks the whole condition had completely 

cleared up, pigmentation only remaining. This is a 

typical example of several cases treated in which we 

have obtained equally good results. 

Ischio-rectal Abscess—Case 62. Male, aged 26, 

had had several ischio-rectal abscesses, extending, at 

intervals, over a period of four years. A short time 

ago he came complaining of a lump in the ischio-rectal 

area. The lump was tender, about the size of a hazel- 

nut, but not fluctuant. After the first application of 

ultra-violet rays the condition aborted. Subsequent 

weekly doses were given to allay the slight pruritis 

which remained, and as a prophylactic measure 

against further infection. 

Port-Wine Stain (Nevus flammeus).—Case 63. A 

woman with a port-wine stain about the size of an 
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olive on the forearm, just below the elbow, was cured 
with two applications of the “Kromayer”’ lamp. 
Compression was applied, and exposures of fifteen and | CHAPTER XVII 
twenty minutes were given at intervals of a fortnight. | 5 | | 
A curious feature of this case was that on each i | ULTRA-VIOLET RADIATION IN DISEASES OF 
occasion the reaction did not appear after irradiation | q THE ORGANS OF SPECIAL SENSE, AND IN 
until an interval of 112 hours had elapsed. t DENTAL AND VETERINARY PRACTICE 

Diseases of the Eye—General Treatment—Diseases of the Eyelids— 
Blepharitis—Stye—Dacrocystitis—Diseases of Conjunctiva— 

4 Acute Conjunctivitis—Chronic Conjunctivitis—Phlyctenular 

Conjunctivitis—Vernal Catarrh—Trachoma— Diseases of 
the Cornea—Superficial Keratitis—Corneal Herpes—Ulecus 

Serpens — Iritis — Irido-Cyclitis — Choroiditis — Chorio- 
Retinitis —- Diseases of the Throat— Acute Pharyngitis— 

; Chronic Pharyngitis—Acute Tonsillitis—Chronic Tonsillitis 

; -—Diphtheria Carriers— Acute Catarrhal Laryngitis — 
Spasmodic Laryngitis—Diseases of the Nose—-Acute Rhinitis 

and Coryza— Acute Purulent Rhinitis— Chronic Nasal 

Catarrh—Chronie Atrophic Rhinitis or Ozena—Hczema— 
Vasomotor Rhinitis or Hay Fever—Epistaxis—Infection of 

Accessory Sinuses—Diseases of the Har—Kczema—Otitis 

Media—Chronic Otitis Media—Mastoiditis—Uses of Ultra- 

Violet Radiation in Dental Practice—General Treatment— _ 

Local Treatment—Ultra-Violet Lamps used in Dentistry 
—Diseases of the Mouth and Teeth—Gingivitis—Glossitis— 

Stomatitis—Pulpitis—Diseases of Periodontal Membrane 

—Acute and Chronic Periodontitis—Treatment of 

Oral Cicatrices — Relief of Pain in Dental Conditions 

_-Whitening Teeth—vVeterinary Uses of Ultra-Violet 
Radiation 

DISEASES OF THE EVE 

Before commencing treatment of the eye with 

ultra-violet radiation it must be remembered that 

all waves shorter than 2950 A are absorbed by the 
585 | 3 
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cornea, and that rays with longer wave-lengths than 
3050 A have no abiotic action on the cornea. 

The lens absorbs rays below 3200 A, and in some 

Fie. 246.—A ‘‘ K.B.B.” Lamp designed for the Ultra-Violet Treatment 
| of Diseases of the Eye 

cases even those situated higher in the spectrum. 
Old and very opaque lenses may even absorb up to 
4000 A. Therefore all rays above 4000 A reach the 
retina always, and youthful and very transparent 
lenses may allow those above 3200 A to pass to it. 

i b 
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These, however, are all absorbed by the pigment in 

the retina and converted into heat. 

Various workers have used ultra-violet radiation in 

the treatment of eye conditions with very encourage- 
ing results, but probably the most interesting recent 
contribution to the subject has been that of Stewart 
Duke-Elder. 

In the treatment of eye diseases the general con- 
dition of the patients is of the utmost importance, 
and every possible means should be taken to raise the 
standard of their general health. There is no better 
agent than general ultra-violet irradiation for this 
purpose. A prolonged course of sunbaths, natural 
or artificial, should be a routine practice in a large 
number of eye conditions, and as a matter of fact, 
many ophthalmologists prefer this method of ultra- 
violet therapy to local applications. Attention must 
be paid, of course, to the general hygiene of the 
patient. 

General Treatment.—The cases which respond most 
favourably to general ultra-violet radiation are the 
more chronic conditions, such as tubercular diseases of 
the eye, phlyctenular keratitis, blepharo-conjunctivitis — 
associated with rickets, scrofulous conditions, general 

poor health, or malnutrition, and trachoma. 
The technique is the same as that employed - 

for ordinary general treatment. When the mercury 
vapour lamp is used the patient generally lies down, 
and the front and back of the body are each ex- 
posed for two and a half minutes at a distance of 
thirty-six inches from the lamp. Applications are 
given thrice weekly, and the exposure is lengthened 
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on each occasion by one minute, until the irradia-. 
tions of the back and front of the body last for ten 
or fifteen minutes. The distance between the lamp 
and the patient is then gradually shortened to twelve 
inches. At least twelve exposures should be given, 
and in many chronic conditions the treatment should 
be continued for several months, according to the- 
progress of the disease. Local medicinal applica- 
tions, varying with the nature of the condition, 
should not be neglected in any eye eeaees treated 
by ultra- oe reek 2s 

DISEASES OF THE EYELIDS 

Local skin conditions, such as eczema, lupus, or 
herpes, should be treated in the same way as on 
other parts of the body, though great care is neces- 
sary to keep the conjunctiva free from irritating 
ointments or lotions. | 

Blepharitis responds well to ultra-violet radiation, 
especially in badly nourished children. General 
irradiation should always be given. Local applications 
“may be made by means of quartz applicators, care 
being taken to protect the cornea and conjunctiva. 
One or two applications often result in cure. EHye- 
lashes which have been shed grow again, unless the 
follicles have been destroyed by deep ulceration. 
Some workers claim to have cured blepharospasm 
by the application of radiation from the air-cooled 
mercury vapour lamp, but we ourselves have not been 
so successful, although we noticed a certain amount 
of improvement in the cases we treated. 
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Stye.—This condition can be effectively treated by 
ultra-violet radiation in the same way as furunculosis 

of other parts of the body. In cases where the lesions 
appear successively in crops, a course of general 
irradiation should be given for the improvement of 
the general health. 

Injuries such as contusions or lacerations may be 
irradiated with benefit. 

Dacrocystitis, either tubercular or simple, can be 

Fig. 247.—A Curved Ocular Quartz High-Frequency Hlectrode. 

treated by means of ultra-violet radiation, with good 
results. The cause of the chronic inflammation must 
be sought and removed. Friel recommends zinc 
ionization in this condition. 

DISEASES OF THE CONJUNCTIVA 

Acute Conjunctivitis —Great relief 1s obtained in 
this condition from radiant heat applied every day, 
or twice daily in very acute cases. Hxposures ot 
twenty minutes are given over the closed eyelids with 
the lamp placed as near the patient as comfort allows. 
Pain is generally relieved after the first exposure. 
Medicinal treatment, cold packs, and so on, must be 
used, as well as radiant heat in very acute conditions, 

such as gonococcal ophthalmia. 
Chronic Conjunctivitis—This is generally a very 

stubborn condition to treat, but encouraging results 
have been obtained by ultra-violet therapy. 
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For tubercular conjunctivitis, Lundsgaard advises’ 

prismatic compression, and an initial dose of thirty 
minutes with the “Finsen-Reyn” lamp. ‘This is 
followed by marked cedema and swelling, which 
subsides in from three to six days after irradiation. 

The quartz mercury vapour lamp may also be used, 
with doses of five minutes at eighteen inches. When 
using the “‘ Kromayer ”’ lamp great caution must be 
exercised. Doses of one to five minutes may be given. 
It the blue “ Uviol”’ filter is inserted, five to thirty 
minutes’ exposure is possible. 

After exposure a false membrane is pened: which 
is thrown off when the reaction has subsided, but 

re-forms if removed before. A prolonged course of 
general treatment with carbon or polymetallic are 
lamps should also be given. ? 

Phlyctenular Conjunctivitis clears up very satis- 
factorily under treatment, especially in children, and 
general irradiation alone usually cures the condition. 

Vernal Catarrh.—This condition is considered by 
some authorities to be due to a deficiency of blood 
calctum. General irradiation should therefore be 

given in conjunction with the oral administration of 
calcium. 
Trachoma.—Radiant heat is valuable in the acute 

stage, and ultra-violet radiation may be given later 
with good results. The “Finsen”’ lamp has given 
excellent results in the treatment of trachoma, which 
is often very stubborn under the usual methods of 
treatment. 

Gronholm, at the Finsen Institute, reports on a 
series of ninety-eight trachomatous cases; seventy- 

DISEASES OF THE SENSE ORGANS 591 

nine were cured, and the remainder improved. 
There was no spread of the lesion in any of the cases 
treated. Relapses, however, occurred in twenty-one 

of them. 
An intense reaction is caused by the rays, and the 

eyelids become cedematous.. This may last for a 

Fic, 248.—Quartz Compressor for Treatment of Diseases of the Hye 
with the ‘‘Finsen-Reyn” Lamp. (G.R.S.A. London.) 

week. When the reaction has subsided the lesions 
are found to have disappeared, and to have left only 
very superficial scars. 

Sometimes ten minutes’ treatment is sufficient, but 
occasionally it 1s necessary to give aS many as Six 
applications. 

Visual acuity decreased in ane three of the cases 
treated, although there were corneal ulcerations in 
about 20 per cent. of the total number. 

Special forceps used for everting the eyelids are 
illustrated on page 428. 

DISEASES OF THE CORNEA 

Birch-Hirschfeld, who has had ten years’ experience — 
of ultra-violet treatment of diseases of the eye, 
considers that superficial keratitis, corneal herpes, 
malignant marginal ulcers, rodent ulcers, severe 

scrofulous ulcers and freshly infected wounds, all 
respond well to irradiation. Parenchymatous and 
deep keratitis have not given such good results up to 
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the present. The first step to take in the treatment 

of ulcus serpens is to arrest the progress of the ulcer 

by irradiating the advancing edge, which can generally 

be achieved by a few applications. Birch-Hirschfeld 

uses a carbon arc lamp, taking five amperes, with a 

quartz lens, a “ Uviol” glass filter, and a quartz cell 

Fic, 249.—Birch-Hirschfeld’s small Eye | 

Radiation Lamp. 

containing a solution of sulphate of iron for the 
purpose of absorbing the heat rays. The rays are 
accurately focused on the lesion for a period of trom 
three to six minutes once or twice daily. Sensitizing 
agents, such as fluorescin or Rose Bengale (2 per cent.), 
are instilled into the eye to increase the effect. ‘'wo 
hundred and eighty-one cases have been treated, and 
improvement generally takes place after the first few 
irradiations, the average duration of treatment being 
a fortnight. Ninety-two cases recovered, with delicate 

DISEASES OF THE SENSE ORGANS 598 
and almost transparent scars, and without any injury 
to other structures of the eye. Atropin and cold 
compresses are used in all cases. 

Zine ionization may be employed in the treatment 
of corneal ulcer, although Young considers the use of 
the thermophore the specific treatment for infected 
corneal ulcers. Syphilitic keratitis does not respond 
so well to ultra-violet radiation as to X-rays. 

Tubercular keratitis and kerato-conjunctivitis may 
be treated both locally and with general irradia- 
tion, and the results are good. Sulzer has obtained 
encouraging results in the treatment of corneal 
opacities. 

Iritis and Irido-Cyclitis—An endeavour should 
first be made to determine whether the disease 1s 
due to some systemic affection, such as tuberculosis, 
syphilis, or rheumatism; if this is so, general ultra- 
violet irradiation will be a valuable adjunct to such 
local treatment as the use of cold packs, atropin, 
or radiant heat. In the acute stage radiant heat is 

very useful. Tubercular irido-cyclitis, the treatment 
of which by other means is so very unsatisfactory, as 
a rule yields well to general ultra-violet radiation. 
The results in infective cases are not so satisfactory, 
but Duke-Elder mentions 29 very severe cases, most of 
them being of considerable duration : 5 were cured in » 
a few weeks; 12 showed slower but steady improve- 
ment; in 8 there was an improvement in the general 
health, but not in the eye; and in 4 the eye condition 
became worse. 

Local irradiation of the iris and of the deeper struc- 
tures of the eye can be carried out only with rays of 

2P 
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longer wave-length than 2950 A, because all rays of 

shorter wave-length are absorbed by the cornea. 

Chorotditis—General ultra-violet radiation is usetul 

when the condition is due to some systemic disease, 

such as tuberculosis. : 

Chorio-Retinitis—Birch-Hirschfeld has reported 

sood results with the “ Zeiss Redtree 7 lamp... ble 

Fic. 250.—The small Eye Radiation Lamp of 

Birch-Hirschfeld in use. 

focuses the rays into the interior of the eye in this 

condition and also in Tubercular retunites. 

Technique : General.—Light baths should always be 

siven, in the manner described on page 587. 

Local.—The mercury vapour lamp is generally 

preferable to the carbon arc, because the radiation 1s 

comparatively cold. The eye should be cocainized 

before treatment. When treating the cornea and iris 

a bent quartz rod is most useful, since the beam of 

light is then more easily controlled. 
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The eyelids may be treated by everting them and 
then focusing the rays from an air-cooled mercury 
vapour lamp on to them with a quartz lens. 

Sedative doses may be given through Chance’s ultra- 
violet filter and a glass lens: rays of wave-length longer 
than 3000 A are the most efficacious for this purpose. 

Case of Blepharitis—Case 64. Boy, aged 6 years, 
had suffered from blepharitis for over a year, and 
the condition had not responded to medicinal treat- 
ment. General ultra-violet irradiation was given 
with quartz mercury vapour lamps and with carbon 
arcs. No protective goggles were worn during treat- 
ment, but the child kept his eyes closed. ‘Three 
exposures weekly were given for three weeks, and 
at the end of this time the condition was greatly 

-improved and the general health of the child was 
considerably better. He was eating and sleeping 
better than he had done for several weeks. Atter 
six further applications he was discharged as cured. 

Conjunctivitis —Case 65. Two applications of the 
small quartz compression applicator attached to the 
‘Kromayer’’ lamp, to each closed upper eyelid 
for thirty seconds, immediately relieved the marked 
photophobia. 

DISEASES OF THE THROAT 

Radium and X-ray ulcerations of the tongue, lips 
and mucous membrane have been cured by concen- 
trated carbon arc radiation. Care should be taken 
not to provoke a severe reaction, because this causes 
oreat discomfort to the patient. | 

Acute Pharyngitis —Any cause, such as accessory 
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sinus infection, nasal or tonsillar disease, tuberculosis, 

or syphilis, should be looked for and, if possible, dealt 

with. Direct irradiation by means of the “ Kromayer *’ 

lamp is often helpful. A quartz applicator should be 

used and exposures of two minutes given at first, or 

a metal speculum may be fixed to the hood of the 

air-cooled lamp. 
The “ Landeker-Steinberg ” lamp is also convenient 

for treating these cases. It is an arc lamp enclosed 

in a metal housing, to which various metal specula 

can be attached. The dosage depends entirely on 

the type of electrodes used, varying from five minutes 

with polymetallic or tungsten-cored carbons to thirty 

minutes or more with plain carbons. 
Chronic Pharyngitis, in its varying forms, may 

also be treated in this way, and good results have . 

been obtained. | 

Acute Tonsillitis.—Rest in bed should be prescribed 

together with ordinary medicinal treatment. A strong 

~ dose of ultra-violet radiation with the “‘ Kromayer ” 

lamp, using compression, directly applied to the 

affected tonsil, will generally give relief and reduce 

the inflammation. If given at the beginning of an 

attack the condition may be aborted. 

Radiant heat applied to the neck is useful aon its 

sedative action, and the production of small localized 

areas of erythema on the neck is valuable as a counter- 

irritant. 
Chronic Tonsillitis.—The use of ultra-violet 

radiation is limited in this condition. 

If tonsillectomy is refused irradiation should be 

tried. 
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(Hdematous enlargement of the tonsils will clear 
up under ultra-violet radiation, but its effect on true 
hyperplasia is limited. A certain amount of fibrous 
change follows heavy dosage, but the method is not 
entirely satisfactory. Denman combines the use of 
X-rays and ultra-violet radiation, applying local and 
general irradiation. 

Diphtheria.—Infection carriers of this disease may 
be treated by means of the water-cooled lamp. | 

Donelly treated 40 diphtheria carriers with ultra- 
violet radiation, and 20 of these were cured after 
the first application, 16 after two applications, and 
4 after three. Lautenschlager and Adler do not 
consider this possible. Pfeiffer has found only a 
transient decrease of bacilli after treatment with ultra- 
violet radiation. The shape of the throat makes it 

difficult to rid it thoroughly of these germs. Leicher 
has designed a large, slightly arched quartz applicator 
for attachment to the ‘‘ Kromayer”’ lamp, by means of 

- which pressure treatment of the tonsils can be carried 
out. It can also be used in non-malignant ulcerations 
of the tonsils. We have treated only one case our- 
selves (Case 66), a child, whose condition proved 
most refractory to ordinary treatment, swab after 
swab being positive. On 6th September 1927, (1) 
we irradiated both tonsils for two minutes with 
a metal speculum attached to the “ Kromayer’”’ 
lamp, and used the Cemach quartz applicator for 
a further period of thirty seconds, and (2) we ir- 
radiated both nostrils for two minutes by means 
of the metal nasal speculum attached to the 
‘“Kromayer”’ lamp. On 10th September 1927 both 
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tonsils were red and angry-looking. On 15th September 
1927 they had healed, and a swab was taken and 
found to be negative. No further trouble was 
experienced. 

Laryngitis: Acute Catarrhal Laryngitis.—General 
irradiation is useful, and relief is also often obtained 

by means of diathermy applied to the neck. Local 

Fic. 251.—The Cemach ‘‘ Photostat ’’ Mount for the ‘‘ Kromayer”’ Lamp. 

treatment may be given with special curved appli- 
cators. Chronic Laryngitis is described under 
tubercular laryngitis on pages 439-443. 
“Spasmodic Laryngitis clears up under general 

ultra-violet baths. Strandberg considers that the 
quartz mercury vapour lamp is more useful than 
the carbon are in this condition, because the heat 

given off by the latter may cause violent attacks of 
laryngospasm during treatment. In severe cases 
from 0:25 to 0°5 grm. of chloral hydrate may be given 

shortly before treatment to avoid psychic shock. 
The calcium content of the blood, which is usually 
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diminished, is rapidly raised to normal, and the con- 

dition usually clears up after about eight applications. 

DISEASES OF THE NOSE 

In all nasal conditions thorough cleaning of the 

parts before irradiation is of course essential, and 

all mucus and crusts must be removed. 

Acute Rhinitis and Coryza.—Varying results are 

obtained in these conditions. Hither the air-cooled 

or water-cooled lamp may be used. We have had 

very satisfactory results with our special applicators 

attached to the former, and exposures of trom two to_ 

ten minutes may be given. 
An attack of this annoying complaint can often be 

aborted if the nose is irradiated at the commencement. 

If the water-cooled lamp is used, Cemach’s quartz 

applicator should be used with it. 

It must be remembered that the rays emerge only 

from the tip of the rod, and therefore, to expose the 

whole mucous membrane of the nose, the rod must be 

first inserted as far as possible and an exposure given, 

and then drawn out almost to half of its length 

and another exposure given, and, finally, the third 

application to that nostril should be given with the 

applicator almost entirely drawn out. Kach nostril 

should be sprayed with a ten to twenty per cent. 

solution of cocaine before any attempt is made to 

introduce the applicator. 
Some workers claim that they obtain better results 

by treating the mucous membrane ol the nose with 

intra-nasal tampons of colloidal silver before applying 

ultra-violet radiation. | 
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Thormetz uses galvanism in these cases, the positive 
electrode being attached to a copper wire round which 
is wrapped cotton soaked in a non-irritant germicide. 

~ Good results are obtained by this aN OW some cases 
being cured by one application. 
A course of general irradiation should be given in ~~ 

conjunction with local treatment. 
Acute Purulent Rhinitis can also be treated by one 

of the methods mentioned above, with good results. 
Chronc Nasal Catarrh makes demands on the 

time and patience of both doctor and patient. But 
good results are often obtained. 
We recently asked Cemach whether he got good 

results in the ultra-violet treatment of chronic nasal 
catarrh, and were surprised when he said that, 
apart from accessory sinus trouble, the condition was 
unknown in Vienna. This, unfortunately, can by no 
means be said of Britain. 

Chrome Atrophic Rhinitis or Ozena.—Any inflam- 
matory focus in the accessory sinuses, mouth, or 
fauces must be eradicated before treatment of the 
ozena can be commenced. General disorders, such as 
syphilis or tubercle, should be looked for. Good results 
have been obtained by means of ultra-violet radiation. 
Crusts and discharge should be removed before ir- 
radiation, and some workers first swab out the nasal 

passages with a 2 per cent. solution of mercurochrome. 
Our applicator may be used attached to the air- 
cooled mercury vapour lamp in this condition, or 
Cemach’s applicator with the water-cooled lamp. A 
few applications are sufficient to remove the charac- 
teristic odour. Permanent cures can be obtained in 
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the early stages, when there is only a moderate 
amount of atrophy of the mucous membrane. Ultra- 
violet radiation, even in very bad cases, will always 
relieve the pain and stop the smell. When syphilis 
is present the results are not good. 
We have had very satisfactory results in the cases 

we have treated. Irradiation should be given twice — 
or thrice weekly, with gradually increasing doses. 
Strong doses of unfiltered rays are necessary. 

Eczema of the Nose may be treated with ultra-violet 
radiation. The treatment of tubercular conditions of 
the nose has already been described. 

Vasomotor Rhinitis or Hay Fever.—All cases of this 
distressing condition, which is so very resistant to 
many different forms of treatment, should be sub- 
mitted to a course of both general and local ultra- 
violet treatment. The results are very encouraging, 
although failures occur. About 80 per cent. of cases 
are cured, and most of the remaining 20 per cent. are 
considerably proved. A thorough search should be 
made for any possible cause, and any deformity or 
local focus of infection in the nose or throat should be 
treated. In intractable cases it is often advantageous 
to apply diathermy to the nasal mucous membrane by 
means of the Oudin terminal, so as to eradicate any 

sensitive area. 
There are two types of hay fever—perennial and 

seasonal. The perennial type persists, with intermis- 
sions, throughout the whole year. The seasonal type 
appears only for a definite period each year, generally 
during the summer months, and varies slightly in 
different patients. The two conditions are very similar 
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in etiology and treatment. In both of them there is 
often an abnormally low amount of calcium in the 
blood, but this is more marked in the perennial type. 
Any systematic disease or disordered functioning of 
metabolism should be looked for, and, if possible, 
remedied. A prolonged course of general ultra-violet 
irradiation should be given to increase the blood 
calcium content and, at the same time, thyroid gland, 
or, preferably, small doses of parathyroid gland, with 
calcium lactate, should be given by the mouth. 

In the seasonal type, treatment should be commenced 
four to six weeks before the onset of the condition 1s 
expected. 7 

Local ultra-violet treatment of the nasal mucosa 
should also ‘be carried out. For this purpose Cemach 
adopts the same procedure as he uses when treating 
ozena or acute rhinitis, excepting that in these cases 
ot hay fever the rays are filtered through blue Uviol 
glass. We also use our own applicator, which provides 
conveniently for the irradiation of both nostrils 
simultaneously with the air-cooled lamp. 

Treatment should be given each day for one week, 
beginning with an exposure of three separate areas 
in each nostril for one minute, using Cemach’s 
applicators; each nostril is thus irradiated for three 
minutes. 

If there has been no excessive reaction, an exposure 
of two minutes is given to each separate area on the 
second day, and the exposure is increased by one 
minute daily, until, on the seventh day, a total 
exposure of twenty-one minutes is given to each 
nostril. 
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With the ordinary “ Kromayer” lamp it is simplest 
to place the quartz applicator in position first, and 
then to attach it to the lamp. With Cemach’s 

Fic, 252.—Our ‘‘Kromayer’’ Lamp fitted with Dr Cemach’s Nasal Applicator 

being used for the Irradiation of the Nose. The use of the Adjustable 

Head-Rest should be noted. 

‘Photostat’’ it is possible to introduce the applicator 
while it is attached to the lamp. _ | 

Case 67 was an interesting case of a school- 
mistress who had been a martyr to hay fever for 
over thirty years. Before ultra-violet treatment she 
was using as many as thirty handkerchiefs a day. 
After five minutes’ irradiation with the air-cooled 
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benefits epistaxis. A quartz rod should be introduced 
into the nostril. 

General irradiation is very important in these 
cases. 

Calcium lactate may be administered orally if there 
is a tendency to chronic bleeding. 
Infection of the Accessory Sinuses.—In the acute 

stage Hollander and Cottle advise the combined use 
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mercury vapour lamp, by means of our applicators, 
the hydrorrhcea greatly decreased; only one hand- 
kerchief was necessary during the subsequent twenty- 
four hours. After three applications in all there was 
no return of the symptoms. | 

In the following year a course of twelve general ex- 
posures was given, together with six local applications 
of the air-cooled lamp to the nasal mucous membrane. 
The patient remained free from the complaint for the 

first year in a period of over thirty years. In the 
next year no treatment was given, and no untoward 
results appeared. | | 

Case 68. Female, aged 36. Hay fever commenced | 
when she was nine years of age. It usually began 
about the end of May or the early part of June and 
lasted until the end of July. The nose had been 

-cauterized and the membrane incised. Inoculations | a Ce ee na ae 
with autogenous vaccines had been given for four Reso ar be Piedied he 
years. General treatment with the mercury vapour |f ““Kromayer” Lamp. Ae ear 
and carbon arc lamps was given on twelve occasions, 3 Ree, oh Sree , irradiated at a time. 

ees so ee tate ho a of radiant heat and intra-nasal ultra-violet radiation. 
Later, diathermy over the affected sinus 1s useful when symptoms of hay fever were experienced. 

3 drainage is satisfactory. 
Pek i rac Fae me yaa? gs a | In chronic sinusitis, when free drainage is estab- chronic nasal catarrh tor two years, following a shor ae | lished, diathermy combined with intra-nasal ultra-_ sea voyage when he got very wet, and was unable to | i iation is the treatment of choice. change his clothes. Seven exposures to both nostrils veka teeter ie : ; me diet; Peat ey beeen 

were made with the small carbon arc for from General ultra-violet radiation shou 5 
three and a half to seven and a half minutes. The in all cases to improve the general condition of the 

j | patient. 
a te tela be ere ae. ee | Zinc ionization is of great value in stubborn 

Cases. Epistawis.—The coagulating effect of the rays 
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DISEASES OF THE EAR 

Eczema of the external ear and auditory canal, canal 
furunculosis, and chronic Otitis media, have all been 

treated with actinic radiation. Dr Cemach says: 
“My experience, which extends over more than one 
hundred cases, has convinced me that the quartz 
lamp has now provided us with a means of treating 
eczema in the ear much more successfully than we 
have been able to do in the past.” He advises ultra- 
violet radiation in perichondritis, a condition which 
was previously treated unsuccessfully by making 
large incisions. By conjoint radiant heat and ultra- 
violet radiation he has been able to cure cases without 
deformity in from two to four weeks. Inflammation 
of the external ear, when ultra-violet radiation is 
applied, soon improves ; the rays ease the pain, stop 
the inflammation, and promote resolution. 

Case 70. We treated a case of perichondritis of the 
nose, which had recurred several times after carbon- 

dioxide-snow applications. Although only three 
exposures to the air-cooled lamp, of from five to 
ten minutes’ duration at a distance of twelve inches, 

were given, improvement was noticed. During treat- 
ment the patient wore a child’s mask, the eyeholes — 
of which had been covered up, and from which 
an appropriate area had been removed to allow the 
lesion itself and the normal skin for about a quarter 

of an inch beyond it to be exposed. Unfortunately, 
the patient did not continue treatment. : 

Otitis media.—In acute Otitis media great benefit 
is derived from radiant heat. Two exposures of from 

, 
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twenty to thirty minutes should be given daily. The 
pain is greatly decreased and severe cases may be 
aborted without damage to the drum of the ear if 
treatment is commenced early enough in the disease. 

Chronic Otitis media.— When treating cases of 
chronic Otitis media a thorough search should first be 
made for any cause, such as adenoid growth, nasal or 
eustachian trouble, tuberculosis, or rickets. Mastoid 
involvement must also be looked for, and it is wise to 
ascertain whether there is caries of the bone by means 
of an X-ray examination ; surgical aid is necessary 1 
caries should be present. General irradiation should 
be a routine practice, and 1s of the utmost importance, 
especially for tubercular or rachitic children. 

Ultra-violet radiation applied locally has given very 
- encouraging results. Before irradiation 1s commencea 

the canal should be swabbed out with dry gauze, so 
as to remove any accumulations of discharge. 

The rays may be applied by means of an ear specu- 
lum attached to the air-cooled mercury vapour lamp, 
or of a quartz speculum fixed to the “ Kromayer ” 
lamp. Cemach advises the use of the blue filter in 
the latter method. 

Gyorgy and Gottlieb recommend the oral adminis- 
tration of 0-1 gramme of Kosin Hochst in powder form 
before commencing irradiation, and claim that in this 
way a cure can be effected in half the usual time. 

Hollander and Cottle advise the use of a 2°5 per 
cent. solution of mercurochrome as a sensitizer. The 
solution is instilled into the ear and allowed to re- 
main for from five to fifteen minutes, after which the 

excess 1s wiped away, and irradiation, by means of the 
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‘Kromayer ”’ lamp, is commenced. The first exposure 
lasts only one minute, and each subsequent exposure 
is lengthened by half-a-minute, until, in some cases, 
the period is as long as ten minutes. 

Kragh has published the results obtained by him 
in the treatment of 30 patients with ultra-violet rays 
applied by means of quartz applicators: 3 of these 
were suffering from catarrhal Otetis media, 15 from 
otosclerosis, 8 from the results of middle-ear suppura- 
tion, and 4 from Otitis internus. The last-mentioned 

did not show any improvement under treatment. ‘T'wo 
of the three patients suffering from catarrhal Ofetes 
media showed no improvement, but the third, who 
had been treated by catheterization for ear noises 
without effect for several months, was completely 
cured of this distressing symptom after two and a 

half months’ treatment with unfiltered quartz lamp 
radiation. Eleven and a half months later no 

recurrence was observed. 
Hight of the fifteen patients suffering from oto- 

sclerosis did not respond to ultra-violet radiation, 
but the remaining seven were greatly improved. One 
patient showed particularly marked improvement ; 
his head noises disappeared entirely and his hearing 
became normal. Improvement was noticed in all of the 
eight patients suffering from middle-ear suppuration. 
Discharge was lessened, hearing improved, and head 
noises diminished. Leicher obtained improvement in | 
otosclerosis by means of general ultra-violet irradia- 
tion: the head noises were lessened, and he attributed 
the slight improvement observed in hearing to this 
fact: Cemach, on the other hand, has not found cases 
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of otosclerosis respond favourably to irradiation. 
Zinc 1onization is often of value in these cases. 

The first exposure given is generally five minutes at a distance of three feet from each 

This is gradually increased to a maximum of twenty minutes. 

Fic, 254.—Sixteen Children being Irradiated simultaneously in a special Ultra- Violet Room. 
burner. 

Mastorditis—Radiant heat is the treatment of 
choice in the acuté stage: many cases respond to 
it, and operation may not be necessary if treatment 

2Q 
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is commenced early enough. When surgical inter- 

ference has been necessary, ultra-violet radiation is 

useful to hasten the healing of the wound or to clean 

wp a wound in which secondary infection has occurred. 

For this purpose unfiltered radiation 1s useful, but 

where eranulations are present and stimulation of 

epithelial formation is required, very carefully regulated 

doses of blue filtered radiation should be given. 

Before the lesion is irradiated the surrounding skin 

should be protected. 3 

Xeneral ultra-violet treatment is of the utmost 

importance in all these cases. 

Uses or Unrra-Viotet RapiaTIon IN DENTAL 

| PRACTICE 

Ultra-violet radiation, which is exceedingly valu- 

able in dentistry, can be employed in two different 

ways by the dental surgeon. Irradiation may bes: 

(a) General; (6) Local. 7 

The typical appearance of the teeth in cases of con- 

genital syphilis is an example of the way in which a 

a, generalized disease can profoundly influence their 

structural development. There is a very intimate 

relationship between the teeth and the osseous system, 

and so the action of ultra-violet radiation in stimu- 

lating calcium metabolism is very useful in dental 

diseases. Rickets, a disease for which ultra-violet 

radiation is a specific remedy, is very common among 

our town-bred children and is one of the commonest 

causes of retarded eruption and maldevelopment ot 

the teeth, 7 
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It has been found that the irradiation of. rachitic 
children markedly accelerates the eruption of teeth. 
It is obvious that general irradiation will also benefit 
other conditions due to inflammation or imperfect 
development of bone, such as osteomyelitis and 
osteoporosis, and that it will also stimulate healing 
in fractures of the jaw. The occurrence of exten- 
sive and rapid dental caries is exceedingly common 
during pregnancy and lactation, when the growth of 
the child makes such a heavy drain on the calcium 
reserve of the mother. In some cases, a condition 
known as osteomalacia may even occur: the depriva- 
tion of the maternal lime salts so weakens the 

bones that they are unable to bear the weight of. 
the body without bending. : 

The prophylactic value of ultra-violet radiation in 
dentistry is strikingly shown by the results of an ex- 
periment carried out in the United States by Pacini. 
He kept three hundred children under observation for 
a year and carefully noted the condition of their teeth. 
They were all fed on exactly the same type of food, 
but half of them were given frequent exposures to 
ultra-violet rays, and the remaining half were not. At 
the end of the experiment an extraordinary difference 
was found in the teeth of the two groups; practically 
no development of dental caries had taken place in the 
teeth of the irradiated children, but the condition of 

those of the non-irradiated children had become very 
much worse. : | 

Mellanby has recently confirmed the fact that 
exposure of the body to ultra-violet rays greatly 
improves the calcification of the teeth, and 
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considerably lessens the risk of subsequent dental 

caries. | 

Calcium salts lessen the permeability of the lymph 
and blood vessels, and their presence in adequate 

quantity is essential to ensure clotting when there is 

bleeding. General ultra-violet irradiation 1s, therefore, 

of great value in the prophylactic treatment of hemo- 

philia, a condition which can be a source of great worry 

to the dentist when he is faced with the necessity of 

performing an extraction. (General irradiation also 

raises the resistance of the body to infection by micro- 

organisms, and is therefore invaluable in any infective 

condition. The tonic action of the rays is useful in 

cases where dental caries has taken place during 

some prolonged illness. The stimulating action of 

ultra-violet radiation on several of the endocrine 

glands has already been referred to, and there 1s little 

doubt that in this way the development and cal- 

cification of the teeth is influenced to a considerable 

~ extent. | 

General irradiation can be carried out with the 

carbon, quartz mercury vapour, or tungsten arc, as 

described in the chapter on technique. | 

Local ultra-violet treatment is also beneficial in 

dentistry, and there are several lamps which have been 

specially designed for the purpose. The best known 

are the ‘“‘Arnone”’ carbon arc, the “Pashler”’ water- 

cooled tungsten arc, and the “ Densolare ” air-cooled 

tungsten arc. These have already been described in 

Chapter IV. 
The “‘ Kromayer ”’ lamp is also frequently used in 

dental practice, and so too are the special dental 
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quartz high-frequency electrodes made by Gallois. 
Local treatment in dentistry can be employed with 
advantage for the following : 

(1) Bleaching discoloured teeth. 
(2) Relieving pain in erupting wisdom teeth, 

after root-filling, after extractions, and in 
hypersensitive conditions of the dentine. 

(3) Gingivitis (catarrhal, marginal, interstitial), 
stomatitis (simple catarrhal, aphthous or 
vesicular, ulcerative), Ludwig’s angina, acute 
superficial glossitis, sinuses and fistulee in 
the mouth. | 

(4) Oral cicatrices. | 

(5) Periodontitis (acute and chronic), and peri- 
odontal abscess. 

(6) Infective alveolar osteolysis. 
To obtain beneficial results with local irradiation 

optical contact should be obtained—that 1s, there 

must be no opaque material interposed between the 
source of radiation and the site of infection under- 

going treatment, although it is obviously very 
difficult to ensure this in many cases. 

It is quite safe, as a general rule, when applying 
ultra-violet rays to the mucous membrane of the 
mouth, to give, at the first exposure, twice the dose 
which produces erythema on the skin. Quartz appli- 
cators are invaluable in some conditions for dehe- 
matizing the tissues and allowing the rays to penetrate 
more deeply, but metal or porcelain specule are also 

often used. They confine the radiation to the affected 
area and protect the adjacent tissues. 

Ultra-violet rays may be used locally for their 
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bactericidal properties: all surface bacteria are killed . 
by them, but their limited power of penetration pre- 
vents them from securing satisfactory disinfection of 
the mouth. The good results which follow the ultra- 
violet treatment of diphtheria carriers are probably due 
to the intense inflammatory reaction resulting from 
effective irradiation. Anilin dyes are often used in 
conjunction with ultra-violet radiation. Kosin, gentian 
violet, brilliant green, fluorescin, crystal violet, and 
cyanosine are the most frequently used. They may 
be painted on the area which it is desired to treat, or 
they may be injected subcutaneously. The solution 
most commonly employed is: anilin dye, 2 parts; 
distilled water, 50 parts; and alcohol (95 per cent.), 

50 parts. 

Capillary attraction and absorption ensure the 
impregnation of the periodontal membrane with the 
photosensitive solution, and it may finally even 
penetrate as far as a periapical abscess. 
With the “ Kromayer”’ lamp treatment every 

other day is advised, special quartz applicators being 
used to render the tissues aneemic and localize the 
rays, which should be applied to both the facial and 
the lingual surfaces of the gums. 
A first exposure of one minute is generally given 

to each area treated, a second of two minutes, and so 

on, an extra minute being added at each application. 
If a blister should happen to form, a week is allowed 

to elapse, and the last dosage given is repeated. 
Dr Galbreath, of Montreux, demonstrated the 

“Arnone”? lamp to us in 1925. He has used it 
successfully in several different conditions found in 
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the mouth, and prefers it to the “ Kromayer”’ lamp 
for dental work, because he finds that, unlike the 
‘“Kromayer,” it does not set up an intense reaction. 

Fig, 255.—The ‘‘ Arnone” Stand Model 
of Carbon Arc Lamp taking 3 to 8 
amperes D.C. or A.C. This Lamp is 
designed for Dental Treatment. 

Gingivitis, Glossitis and Stomatitis.—These cases 
may be (a) traumatic; (6) secondary to systemic 
conditions; or (c) of the infectious type. 

Those due to trauma are generally caused by 
mechanical irritation, and. often follow the use of a 
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badly fitting denture. The exciting cause must obvi- 
ously be removed before irradiation is commenced. 
Ultra-violet rays have a valuable regenerative action 
in these cases. 

General ultra-violet radiation is a valuable aid in 

a 

| 
| 

Fie. 256.—The ‘“Uviare” Water-couled Mercury Vapour Lamp 
being used with a curved Quartz Applicator for Irradiation of 
an area on the Lingual Surface of the Gums. 

| 
——ed 

the treatment of cases due to some systemic con- 
dition, such as lactation, pregnancy, SCULVY, tubercle, 
syphilis, diabetes mellitus, or nephritis, as well as in 
cases where lead, mercury or iodides have been acting 
on the body for long periods. Cases of the infectious 
type generally respond favourably to combined general 
and local ultra-violet treatment. 

Gingivitis may be acute or chronic, and catarrhal, 
ulcerative, or hypertrophic. a Pr — 
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After irradiation, mastication and deglutition cause 
less pain, excessive salivation subsides, the breath be- 
comes less offensive and the speech becomes clearer. 

Rowlett records an obstinate case of gingivitis, of 
several years’ duration, which was cured by three 
treatments of twenty minutes each with the 
‘“‘ Landeker Steinberg ” carbon arc. 

Reed, in an article in The Dental Magazine ot 
May 1922, describes various cases he has successfully 
treated with the ‘‘ Pashler’”’ water-cooled tungsten 
arc lamp, concentrating the rays through a quartz 
lens. He has found that ultra-violet rays have a 
considerable curative effect in cases of gingivitis. 
A first application of two minutes to one area, 

eradually increased to ten minutes, will quickly cure 
gingivitis of local origin, if the original cause is first 
removed. | | 

Ultra-violet radiation is excellent im marginal 
gingivitis occurring in adolescence, a condition which 
may lead to chronic periodontitis if not treated 
correctly. Talbot treats these cases solely by produc- 
ing erythema over a circumscribed area on the front 
of the chest or abdomen. He finds also that adult 
cases benefit, but less markedly. 7 

Cases of ulcerative gingivitis, Ludwig’s angina, or 
trench mouth respond favourably to actinic treatment 
administered locally. 

Galbreath describes a case of Vincent’s angina, in. 
which the first application of the rays from the 
‘ Arnone”’ lamp relieved the pain, and six subsequent 
applications effected a cure. His technique is four 
minutes’ exposure of the front teeth and three. 



618 ULTRA-VIOLET RADIATION’ 

minutes’ of the side, gradually increasing to five 
minutes, the applications being given every second 
or third day. 

Apthous stomatitis, which so often occurs in rachitic 
children, can generally be cured rapidly by a short 
course of combined local and general treatment ; the 
carbon arc is probably the most useful for the local 
treatment of these cases. 

Ulcerative stomatitis is often cured after four or five 
applications. Tubercular ulcers of the tongue also do 
well, but, naturally, require prolonged treatment. 
Pulpitis—A condition where the rays cannot be 

used is in diseases of the dental pulp, an increase of 
pain being provoked in as short a time as thirty 
seconds. In fact, the rays can be used for establish- 
ing a differential diagnosis between the early stages 
of periodontitis and unsuspected pulpitis. 

_ DISEASES OF THE PERIODONTAL MEMBRANE 

Acute and Chrome Local Periodontitis —Ultra-violet 
radiation may be useful in these cases owing to its 
bactericidal and sterilizing action, and on account of its 
stimulation of bone regeneration. Cases may be acute 
or chronic, and the inflammatory reaction may resolve 
with or without the formation of an abscess. When pus 

forms, it may remain circumscribed, or may point to- 
wards the surface. In acute lesions, counter-irritation, 
produced by ultra-violet radiation over the gums, will 
generally relieve the pain and may aid resolution. 
Karly infective cases generally do well with irradiation. — 
When an abscess has formed the condition should be 

localized by X-ray examination, and the state of the 
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tooth and its relationship with the abscess should be 

noted. It should be decided whether it is possible or 

prudent to endeavour to save the tooth. In the case 

of acute apical abscesses the abscess should be drained 

through the alveolar canal, which should then be 

thoroughly cleaned out, and an antiseptic dressing 

should be inserted for one or two days. Ultra-violet 

rays should be applied to the gums directly over the 

abscess cavity each day ; they generally relieve the 

pain. Galbreath mentions a case of periodonitis in 

which there had been incessant pain for two days and 

two nights, and which was relieved by three and a 

half minutes’ irradiation with the “ Arnone ”’ lamp. 

Chronic Local Periodontitis may commence at the 

apex of the root. or at the gingival margin of the 

tooth; and, in addition, there may or may not be 

fistula. Cases without fistula may be subdivided into — 

those where the root canal is wholly occluded, and 

_ those where the occlusion is only partial. In the first 

type, Lake does not endeavour to establish drainage, 

but applies the rays directly over the gums in the 

immediate neighbourhood of the abscess, whereas in 

cases where the root canal is partly patent he drains 

and fills it. Good results are generally obtained in 

young children. In cases complicated by fistula the 

rays are first applied with a compressor to the fistu- 

lous opening, and then, when the sinus closes, the 

sums are treated in the usual way with compression 

over the labial and lingual surfaces. 

Chronic General Periodontitis commencing at the 

Gingival Margin or Pyorrhea Alveolaris.—At present 

there are great discrepancies between the results 
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obtained by different observers in the treatment of | 
pyorrheea alveolaris. X-ray examination of suspected 
teeth is, of course, essential. Then thorough, deep 
scaling should be carried out, and followed by the 
establishment of drainage, after which ultra-violet 
radiation should be applied at each space between 
adjacent teeth on the labial and lingual surfaces of 
the gums; exposures should be made twice weekly, 
and only two teeth should be treated at one sitting. 
During treatment cotton rolls may be used to absorb 
the saliva. 

In successful cases the pus disappears after two or 
three applications, the cedema of the gums subsides, 
and the teeth gradually become firmer. The best 
results occur in the early stages, when the peri- 
odontal membrane is not deserved. General and local 
irradiation should be given. 

We must confess that our own results in the few 
cases of pyorrhcea we have treated have not been very 
satisfactory. 

Oral Cicatrices often cause great diienlty | in open- 
ing the mouth; speech is affected and mastication 

_Impeded. The “ Kromayer ” lamp fitted with a quartz 
applicator is generally used for treatment, and doses 
of three to twenty minutes should be given. Thescars — 
usually become softer after a few weeks’ treatment. 

Rehef of pain in erupting Wisdom Teeth or after Root 
Filling and after Extraction.—-In these cases the gum 
above and around the tooth is irradiated as well 
as the cavity, if one is present, and erythema is 
produced. 

In the treatment of cavities the bactericidal action of 
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the rays is valuable, and pain is relieved by the well- 
known analgesic effect of the rays. Cases of delayed 
eruption are benefited by intense local irradiation on 
the gums over the non-erupted tooth. 

For Whitening Teeth.—The use of actinic rays for 
whitening live teeth provides a method free from 
the risk of causing decalcification or irritation of 
the gums or dental pulp. The tooth which it is de- 
sired to whiten is first isolated by means of a rubber 
dam. Next, a piece of cardboard is provided, with 
a hole in it corresponding in size to that of the 
patient’s open mouth. The protective rubber is 
attached to this cardboard. The tooth 1s then 
moistened with hydrogen peroxide, which must be 
free from any acidic impurities, and the actinic rays 
are directed on to it for periods varying from ten 
to sixty minutes, as may be required. Usually ten 
minutes is quite long enough. ‘T'wo or three treat- 
ments are generally all that is necessary. 

Most stains of organic origin can be removed in 
this way, but metallic discolorations are not affected. 

Veterinary Uses of Ultra-Violet Radiation.—Ultra- 
violet radiation is being used more and more ex- 

tensively in the treatment of animals in a similar 
way to that employed in the treatment of human 
beings. For experimental work small animals, such 
as rats, mice, and guinea-pigs, were used, but now 
stock animals are being irradiated on a much larger 
scale, and very encouraging results have been 
obtained. 
A recent example of the prophylactic use of 

ultra-violet radiation has been the installation of 
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ultra-violet apparatus in the new monkey-house and 
reptile-house at the London Zoological Gardens. ~ 

Professor Cinotti, of the Naples Veterinary School, 

Fie, 257.—A special Carbon Arc Lamp designed for 
Irradiation of Chickens. Any falling pieces of 
Carbon are caught on a Vitaglass Tray which is 
suspended below the Arc. The mortality of young 
birds has been greatly lessened by the use of 
Ultra-Violet Rays. 

has found ultra-violet radiation very useful in cases 
of parasitic dermatitis, such ag mange. We have 
recently cured a cat suffering from mange with ten 
applications of the rays. 

Cases of acute and chronic eczema in animals have 
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responded well to ultra-violet radiation, and indolent 
wounds and ulcers have been stimulated to heal. 

Orr, Henderson, and Crichton, of the Rowett Re- 
search Institute, Aberdeen, consider that ultra-violet 

Fie. 258,.—Irradiation of Pigs with a ‘British Hanovia” 

Quartz Mercury Vapour Lamp. 

radiation is of as much interest to the stock farmer 
as to the medical practitioner. They carried out 
extensive experiments on young pigs, and found that 
irradiation of young animals nine weeks old, by means 
of a carbon arc lamp at three feet distance for one hour 
daily, produced a marked increase in the retention 
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of calctum and phosphorus as compared with that of 
control animals. Young pigs, owing to their rapid 
development, are very liable to contract rickets, but 
exposure to ultra-violet radiation both cured and 
prevented this disease even when the animals were on 

Fig, 259,—Irradiation of Poultry with a ‘*‘ British Hanovia” Quartz Mercury 
Vapour Lamp. (From The Powltryman.) 

an ill-balanced diet. The weight of the irradiated 
pigs increased much more rapidly than the weight of 
those kept in dark pens. | 

These workers consider that in many cases the 
expense incurred in the installation and upkeep of 
ultra-violet apparatus by pig breeders would be more 
than balanced by the prevention and cure of rickets 
among their stock. 
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Another valuable use of ultra-violet radiation is its 
beneficial effect on lactating animals, such as cows 
and goats. The absorption of calcium and phosphorus 
is greatly increased, a negative balance, in many 
cases, being converted into a positive one. Irradia- 
tion increases the amount and quality (antirachitic 
property) of the milk, and, in addition, maintains the 
breeding power of the animals, and increases their 
resistance to disease, both of which are diminished 
alter heavy calcium drainage. 

Chickens are very susceptible to rickets and derive 
great benefit from ultra-violet irradiation. At the 
Rowett Research Institute, one group of chicks re- 
ceiving no sunlight died off in six weeks, the average 
weight being 100 erm. The “all-day sunlight group,” 
on the other hand, attained a weight of 250 grm. in 
eight weeks. Hens need large amounts of calcium for 
producing eggs, and the absorption of calcium salts 
is increased by exposure to ultra-violet rays. 

Hughes and Payne have proved that with ultra- 
violet irradiation, egg production, hatchability, and 
percentage of calcium in the shell and in the egg itself, 
are all increased. Ultra-violet radiation benefits 
animals generally in the same way as it does human 
beings, and it is being used extensively in order to 
improve dogs and other animals for show purposes. 

It is hoped that the reader will have appreciated, 
from a perusal of the foregoing pages, the value of 
ultra-violet radiation In many varying conditions. 

In some its action is almost specific, and in the great 
majority it is an invaluable adjuvant supplementing 
other forms of treatment. 

2R 
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Idiosyncrasies, drug, 412 

Todine, administration of, in tuber- 
cular glands, 432 

Impetigo contagiosa, 546 
— case of, 574 
Impotence, 531 

Incandescent lamps and light baths, 
96 

Incas, 44 

Incontinence of urine, 529, 530 
Industrial revolution, 45 
Infantilism, 531 

Infectious fevers, 512 
Inflammatory action of U.V.R., 533 

' Infra-red rays, 70, 406, 452 

— in tubercular peritonitis, 436 
Ingenhouse, 49 
Injuries to muscles, joints and 

ligaments, 453 
Inorganic preparations and U.V.R.., 

413 
Insulators, 241 
Insulin, 296, 320 
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Insulin, use of, in diabetes, 448 
‘ Intensification of local reactions by 

the use of drugs, 414 
Intensity of U.V.R., 373, 374 
— methods of determining, 228 

Intercostal neuralgia, 497 
Internal medication and U.V.R.., 

412 
— secretions, action of U.V.R. on, 

521 
Intra-uterine irradiation, 528 
Inverse squares, law of, 373 
lonization in pruritus, 537 
Jrido-cyclitis, 593 
Tritis, 593 
Iron are lamp, 143, 145 
Irradiation of children, 357 
— of larynx, Cemach’s method, 442 
— symptoms which may follow, 317 
Irregular eruption of teeth in 

rickets, 477 
Ischio-rectal abscess, 510, 559 
—- case of, 583 

J 

JACOBEUS, 485 

Jacobstal, 512 

Jacquier, 215 
Jaundice, 510 
Jesionek, 368, 513 
** Jesionek ”’ lamp, 194 
*‘ Jupiter ’’ lamp, 102, 107, 131, 

134, 517 

K 

KanzAna, 508, 544 

— in menorrhagia, 525 
*“K.B.B.” atmospheric burner, 

168-171 
** K.B.B.” lamp, 294, 346 
— “FE” type, 195 
‘* K.B.B.’’ water-cooled burner, 183 
Kehrer, 476 
Keller, 228 
Keloid, 563 
Kelvin, Lord, 70 
Keratitis, syphilitic, 593 
— tubercular, 593 
Keratogenous action of U.V.R., 

532 
Keratosis pilaris, 567 
King, 218 
Klatte, 217 

Knee, tuberculosis of, 435 

Koch, 285 
Kragh, 608 
Kraurosis vulve, 526 

Kromayer, 52, 147, 563 
‘“*Kromayer’’ lamp, 324, 384-389, 

423, 425, 427, 440, 517, 528 
— applicators for, 390-393 
— burner, 181 
— dosage with, 395 
-— lighting of, 182 
— use of, in the treatment of acute 

tonsillitis, 596 
—  —in the treatment of alopecia, 

555 
—-—in the treatment of chronic 

conjunctivitis, 590 | Rise 
—-— in the treatment of chronic 

otitis media, 607 
—-in the treatment of dental 

conditions, 612, 614. 
— —in the treatment of dermatitis 

venenata, 540 
— — in the treatment of diphtheria 

carriers, 597 
in the treatment of hay fever, 

603 
— — in the treatment of impetigo, 

546 
— — in the treatment of keloid, 563 

—-—in the treatment of lupus 
erythematosus, 562 

— — in the treatment of nevi, 564 

— — in the treatment of port-wine 
stain, 565 

— — in the treatment of tinea, 558 

— — in the treatment of urethritis, 
520 

—  — in the treatment of vaginitis, 
527 

—-—in the treatment of X-ray 
dermatitis, 538 

Kuch, 147 

L 

LACTATING animals, use of U.V.R. 
in, 625 

Lactation, use of U.V.R. during, 
476 

Lake, 619 
Lamp appointment card, 336 
Lamps, choice of, 336 
— comparison of, 336-338 
— method of lighting, 345 
Lamplough, 248, 249 
Landeker, 522 
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‘‘ Landeker-Steinberg ’’ lamp, 132 
— use of, in diseases of the throat, 

596 
— — in gingivitis, 617 
Lang, 183, 516, 522, 523, 526, 528 
Langley, 75 
Langley’s bolometer, 232 
Laplander’s immunity to rickets, 

460 
Laqueur, 448, 452, 515 

Laryngismus stridulus, 467, 469, 
492, 502 

Laryngitis, 598 
— acute catarrhal, 598 
— chronic, 598 

. — spasmodic, 598 
— tubercular, 439 
Larynx, irradiation of, Cemach’s 

method, 442 
‘‘Tasem’’ lamp, 151, 164 
Latent malaria, 515 
Laue, 79 
Lautenschlager, 597 
Law of inverse squares, 373 
Leguen, 369, 518 
Leicher, 597, 608 
Lenku, Ganni and Busk, 253 

Lens, absorption of radiation by, 

586 
_— Finsen’s, for treatment, 87 
Lentigo, 571 

Leuba, 283, 534 
Leucorrheea, 528 
Leukemia, 483 
— X-ray treatment in, 483 

Leukoderma, 571 
Levick, Murray, 496 

Levy- West pastilles, 230 
Leysin, 52, 84, 419, 432 _ 
Lichen planus, 556 
Light, natural sources of, 67 

Light year, definition of, 68 

Lighting lamps, method of, 345 

‘Lister, 21 
Lithopone test, 229 
Liver diet in pernicious anemia, 

482 . 
Lobar pneumonia, 502 

Locomotor ataxia, 495 

Lodge, Sir Oliver, 44, 66 

Lomholt, 566 
London Hospital, 22, 122 

Long-flame are lamp, dosage with, 

498 
— emission from, 363, 364 

28 

Luce, Ethel Marjorie, 299 
Luckiesh, 69, 142, 247, 254 
Ludwig’s angina, 617 
Lumbago, 450 
Luminescence, 70, 71 
Lundsgaard, 427, 590 
Lupus erythematosus, 561 
— case of, 581 
Lupus Heilstatte, Vienna, 423, 426 
Lupus vulgaris, 354 _ 
— gold preparations in, 413 
_.. illustrative cases of, 444, 445 
— of eyelids, 427 
— mucous membranes, 426 
— treatment of, 421-427 
Lyman, 78, 184 
Lymphocytes, action of U.V.R. on, 

292 
M 

Maar, Dr, 423 
Macht, 273 
Magnalium, 256 
Malaria, latent, 515 
Malignant marginal ulcers, 591 
— cedema, 513 
Mammary abscess, 559 
Mange, 622 
Manic depression, 492 
Marasmus, 509 
— ease of, 510 
‘Marion ’’ lamp, 126, 127, 131 
Marmier, 215 
Mastoiditis, 609 
MecCormace, 317, 555 
McCrea, 317 
McLennan, 183 
Measles, 512 aaa 

‘“Medical Supply Association 
alternating-current burner, 179 eh 

‘“Medical Supply Association 
lamp, 151 

Melancholia, 492 
— agitated, 492 
Melanin, 282 — 
Mellanby, 459, 477, 611 
Menopause, treatment at the, 525 
Menorrhagia, 525 
— ease of, 526 
Mental disease, U.V.R. in, 492 

Mercurochrome, use of, in chronic 

Otitis media, 607 
— — in ozzena, 600 
Mercury vapour are rectifiers, 206, 

207 
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Mercury vapour lamps, 339 
—- air-cooled, 345 
Mercury vapour lamps, classification 

of, 150 
— emission from, 364 
— water-cooled, 181, 324 
Metabolism, action of U.V.R. on, 296 
Metrorrhagia, 525 
Michelson, 51, 231 
Miethé, 22] 
Milk, action of U.V.R. on, 625 
Millikan, 69, 78 
Mithra, 43 
Molybdeno-tungsten are lamp, 405, 

406 
Molybdenum spectrum, 139 
Morris, Sir Malcolm, 535, 552, 561, 

564, 569 
Moss and Knapp, 218 
Motor convertors, 201-203 
Motor generators, 200 

Mucous colitis, 508 
Mumps, 512 
Murphy and Minot, 482 
Murray, 439, 483 
Muscular and_ skeletal system, 

action of U.V.R. on, 297 
— rheumatism, 452 
— torticollis, 450 
Myalgia, 452 
Myocarditis, 489 

N 

Nevi pigmeniosi, 564 
Nevus flammeus, case of, 583 
Nagelschmidt, 53, 543, 553 
Nasal catarrh, chronic, 600 
Necker Hospital, 41, 369 
Neisser, Dr, 423 
‘* Neon ”’ lamp, 99 
— use of, in amenorrhea, 522 
Nephrectomy, irradiation in, 518 
Nephritis, 518 
Nervous dyspepsia, 508 
Nervous system, effect of U.V.R. 

on, 304 
N eurasthenia, 493 
-—-- case of, 498, 499 
Neuritis, 496 
— brachial, 496, 497 
— intercostal, 496, 497. 
Newcastle-on-Tyne, impurity of at- 

mosphere, 36, 37 
— “‘Sun-Ray ”’ Clinic, 330-335 

Newton, Sir Isaac, 47 
Nickel, as reflector, 404. 
Nose, diseases of the, 599 
— eczema of the, 601 
Noviweld glass, 251 

O 

OxpgEsity, 450 
Oersted, 5C 
Cisophageal spasm, 509 
Ointments for use after irradiation, 

425 
Oldenburg, 439 
Onychia 557 
Open arc lamps, 116 
Operating theatre, use of U.V.R. 

in, 369 
Operator’s goggles, 351 
Oral cicatrices, 620 
Orchi- -epididymitis, tubercular, 443 
Orchitis, 519 
Organic preparations and U.V.R., 

413 
Orgler, 457 
Orr, 623 
Oskar Helene Home, Dahlem, 514 
Osler, 454, 455 
Osteitis deformans, 475 
— tubercular, 435 
Osteogenesis imperfecta, 475 
Osteomalacia, 475, 611 
Osteomyelitis, 475 
— of jaw, 611 
Osteoporosis, 475 
— of jaw, 611 
Osteotomy in rickets, 471 
Ostermann, 414, 440. 
Oswald, 111 
Otitis intermvus, 608 
Otitis media, 606, 607 
Otosclerosis, 608 
Ovaries, action of U.V.R. on, 303 
Ovaritis, 528 
Over-exposure, 374, 375 
— case of, 317, 318 
Oxide-of-nickel filter, 260 
— use of, in ringworm, 558 
Oxide-of- nickel glass, 251 
Oxyuris vermicularis, as a cause of 

pruritus, 536 
Ozzna, 600 
Ozone, 162 
— in atmosphere, 245 
— inhalation of, 357 
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le 

Pacrni, 273, 611 
Paget’s disease, 475 
— case of, 475, 476° 
Palm, Dr T. A., 455, 465 
Paralysis agitans, 494 
Parametritis, 528 
Paraphenylenediamine, 229 
Parapsoriasis, 551 
Parasitic dermatitis, 622 
Parathyroid glands, action of 

U.V.R. on, 483 
— gland tablets, use of, in hay 

fever, 602 

Parchments, examination of, with 
U.V.R., 260 M 

Parkinsonism following Hncephalitis 
lethargica, 495 

Parsees, 45 
Parsons, Sir Charles, 158 
‘‘ Pashler ”’ lamp, 612 
— in gingivitis, 617 
Pasteur, 21 
Payne, 625 
Pearls, identification of, by means 

of U.V. R., 260 
Pediculus capitis as a cause of 

pruritus, 536 
Pellagra, 316 
Pelvic peritonitis, 528 
Pemphigus, benign, 561 
Perichondritis, case of, 606 
Perineal abscess, 510 
Periodontal membrane, diseases of, 

618 
Periodontitis, chronic local, 619 
Peripheral circulatory disorders, 490 
Peritonitis, tubercular. 436, 438 
Pernicious anemia, 482 
Pernio, erythema, cases of, 544 

Persian sun worship, 43 
Peru, 44 

Pfeiffer, 597 
Pfund lenses, 251 
Pharyngitis, acute, 595, 596 
—— chronic, 596 

Pheebus Apollo, 43 
Phlyctenular conjunctivitis, 590 
Phosphorescence, 71 
Phosphoric esterase, 457 
Photochemical reactions, 214, 215 
Photochemistry in nature, 222 
Photo-electric cell, 238 
— effect, 242 

Photo-electric fatigue, 24.4 
Photo-sensitization and_ inhibition, 

220 
‘* Photostat,” 442 
— Cemach’s, 603 
Phthisis, 357, 437 
— treatment of, 421 
Physiological action of U.V.R., 

theories of, 261 
Phytin, 508, 544 
— in menorrhagia, 526 
Pigmentation, 2'79-284. 
Pigmentophoric action of U.V.R., 

533 
Pigs, irradiation of, 623, 624. 
— prevention of rickets in, 624 
Pincusson, 262 
Pirquet’s test, 434 
Pituitary secretion, action of U.V.R. 

on, 483 
Pityriasis rosea, 54:7 
Placental extract, use of, in ameno- 

trhoea, 522 
Plankton, 460 
Pleasanton, 63 
Pleurisy, 438, 503 
—- with effusion, 503 
Pleurodynia, 503, 504 
Plotnikow, 217 - 
Pneumonia, 502 
** Pointolite ’’ lamp, 142 
Polymetallic electrodes, 437 
Pope, 221 
Portable carbon are lamp, 338 
—- mercury vapour lamp, 340 
Port-wine stain, 564. 
— case of, 583 
Position of the lamp, 342 
— of the patient during treatment, 

360, 368, 369 
Positive crater, 362 

Post-influenzal pneumonia, 502, 503 
Post-partum hemorrhage, 526 
Pouillet, 231 
Pregnancy, use of U.V.R. in, 476 
Prismatic analysis, 66, 71° 
Prisms, 71 
Prostatitis, 520 
Protective glasses, 330 
Protons, 66, 24] 

Provitamin, 462, 463 
Prurigo, 546 

— Besnier, 546 
— Hebra’s, 546 
— Hutchinson’s summer, 316 
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Prurigo senilis, 546 
— Vidal, 546 
Pruritus, 535 
— ant, 536 
— vulve, 526 
Psoriasis, 54:7 
— cases of, 575° 
Psychasthenia, case of, 449 
Psychical effect of U.V.R., 491 
Pulmonary conditions due to the 

action of poison gas, 502 
Pulmonary tuberculosis, 438 
— gold preparations in, 413 
Pulpitis, 618 
Pupil, action of U.V.R. on, 302 
Purpura, 483 
Pyelitis, 531 
Pylorospasm, 509 
— case of, 510 
Pyodermia in children, 559 
Pyorrhea alveolaris, 619 
Pyrheliometers, 231 
Pyrogallic acid dressings, use of, 

425 

Q 

** QuAIN ’’ Quartz Arc, 99, 136 
Quartz, 246 
—— applicators, use of, in dentistry, 

613 : 
— — use of prismatic, 426 
‘* Quartz Dimant’”’ burner, 180 
— lamp, 151 
Quartz electrodes used in tubercular 

cystitis, 443 
“Quartz Frangais ”’ 

current burner, 179 
— lamp, 151 
Quartz lens, use of, with tungsten arc 

lamp, 404 

— mercury vapour burner, 147 
— mercury vapour burners, cost 

of, 342 
— — design of, 153, 154 
** Quartz Transparent ” alternating- 

current burner, 1'79 
** Quartz Transparent’ lamp, 151, 

164, 183, 345 
@uiniodine. 261 

R 

alternating- 

Ra, 43 
Rachitic antivitamin, 478 

— diathesis, 477 

Rachitis florida, operation in, 471 
Radiant-heat baths, 450 
Radiant heat in abdominal ad. 

hesions, 509 
— in accessory sinus infection, 605 
— in acute conjunctivitis, 589 

—‘ in acute tonsillitis, 596 
— in bronchitis, 502 
— in circulatory disorders, 491 
— in irido-cyclitis, 593 
— in mastoiditis, 609 
— in Otttis media, 606 
— in perichondritis, 606 : 
— in pleurisy, 503 
— in sterility, 525 
—in trachoma, 590 
‘* Radiosol ’’ lamp, 135 : 
Radium, gamma rays of, 69 
— gamma rays in, 564. 
— for rodent ulcer, 569 
— for ulceration of mucous mem- 

branes, 595 
— for ulcers, 569 
Rate of transmission of radiant 

energy, 67, 68 | 
Raynaud’s disease, 290, 490 
— case of, 490 
Reactions of degradation, 215 
— of synthesis, 216 
Red blood corpuscles, seasonal 

variations in, 481 
Red filter, use of, 496 
‘“Red Room’’ treatment of 

smallpox, 58 — 
Reed, 294 
Reflection of U.V.R., 256, 369, 370 
Reflector for tungsten lamp, 403 
Remedies for faults in apparatus, 

408 
Renal tuberculosis, 443 
Respiratory system, disorders of, 

. 500 
— effect of U.V.R. on, 302-303 
Retina, absorption of rays by the, 

587 
— action of U.V.R. on, 302 
Reykjavik, 56 
Reyn, 53, 62, 121, 282, 309, 420, 

439, 489, 493 
Rhagades, treatment of, 542 
Rheumatism, acute muscular, 450 
-— chronic, 450 ; 
Rhewnatoid arthritis, 450 
Rhinitis, acute purulent, 600 
Rhinitis, chronic eee 600 

St -_—_ — a 

SS aa eae eee 

oo a apnea 

See 
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Rhinophyma, 551 
Rhodopsin, 301 
Rickets, 454 
— etiology of, 455 
— bone changes in, 467-468 
— historical considerations, 454 
— illustrative cases of, 473-474 
— teeth in, 610 
— treatment of, 464 
Ringworm; U.V. fluorescence, 260 | 
Ritter, 49, 71, 220 
Robison, 457 
Rodent ulcer, 569 
— ulcers of eyelids, 591 
Rollier, 52, 83, 84, 91, 148, 281, 291, 

297, 419,420, 432, 563 
Roéntgen, 51 
Root filling, pain after, 620 
Rosacea, 552 
Rose’ Bengale, use of, in ophthalm- 

ology, 592 
Rosenheim and Webster, 462 
Rosselet, 237 
othe: 282, 296, 305, 447 
Rowland, 50 
Rowett Research Institute, Aber- 

deen, 623-625 
Rowlett, 617 
Royal Free Hospital, London, 475 
Rubella, 512 
Rubens’ Thermopile, 232 
Russ, 78, 139 
Ryd, 216 

S 

SAIDMAN, 228, 276, 324, 348, 369, 
375, 448, 501, 519, 521, 529, 542 

‘* Saidman ’’ lamp, 126, 128, 135 
— dosage with, 398, 399 
— hospital type, 401 
Saidman polymetallic arc lamp, 507 
Salpingitis, 527, 528 
— tubercular, 444 
Sampson, 407, 519, 520 
Saniweld glass, 251, 253 
Scalds, 539 
Searlet fever, 512 
Scars, old, treatment of, 564 
Schabad, 456, 457 
Schanz, 220 
** Schanz’s’’ lamp, 139. 
Scheele, 49, 214 
Schindler, 543, 554. 
Schittenhelm couch, 494, 523 

Schnee sinusoidal baths, 407 
— in pernio, 544 
Schott, 148 
Schumann, 75 
Schunk, 139 
Sciatica, 496, 497 
Scleroderma, 564. 
Screen, adjustable, 357 
Scrofulodermia, 427 
Scrofulous ulcers of eyelids, 591 
Seasonal variation in red blood 

corpuscles, 481 
Seborrheea corporis, 544 
Seborrheceic dermatitis, 543 
Secondary anemia, 481 
Seedlings, action of U.V.R. on, 

262-268 ; 
Seely, Major-General, 24 
Sensitiveness of patients, 371, 372 
— test for, 375 
Sensitization with liver diet, 482 
Sensitizers, use of, 269, 413 
——in ophthalmology, 592 
Sensitometer, 228 
Sensitometric test, 375, 376 
Sequeira, 272, 283, 356, 415, 422, 

427, 547, 553, 561 
Serotactic action of U.V.R., 533 
Sexual glands, action of U.V.R. on, 

301, 483 

Shenstone, 158 
Short-flame arc lamp, 75 amperes, 

121, 122 
— 20 amperes, 121, 122 
— emission from, 362 
Shoulder, tuberculosis of, 435 
** Silectra,”’ alternating - current 

burner, 179 
‘* Silectra ’’ lamp, 151, 164, 345 
Silicon as reflector, 404 
Silver as reflector, 404. 
‘*Simpson’’ are lamp, 139 
Sinusitis, chronic, 605 
Skin, action of 0k V.R. on, 271-279 
— diseases, dosage in, 397 
— grafts, 570 
— lesions, tubercular, 421 
Sloan’s method of ionization in 

pruritus, 536 
Smart-Bristow coil, use of, 496 
Smith, Hannah Henderson, 298 
Snow- -blindness, 255 
Snow, reflection of U.V.R. by, 254 
Sodium cacodylate in psoriasis, 551 
Soft chancre, 562 
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Sol, 43 | 
Solar spectrum, 73, 75, 84, 86 
Solaria, Roman, 44, 57 
Solarson in psoriasis, 551 
** Solart ’’? lamp, 131 
Sonne, 293 
Soranus Ephesius, 454 
Sorgo, 88, 440 
Spasmodic laryngitis, 598 
— torticollis, 497 
— vomiting, 509 
Spectroscope, 227, 233 
Spectrum, 66 
— of mercury vapour, 183, 184, 

185 
Splenomedullary Leukemia, 481 
Steenbock and Black, 464 
Stellate veins, 566 
Sterility, 524 
— cases of, 524, 525 
Sternum and ribs, tuberculosis of, 

435 
Stomatitis, 615 
Stonehenge, 44. 
Strandberg, 426, 439, 598 
Stulmann, 24.2 
Stye, 589 
Sulzer, 593 
Summer rash, 314, 315 
Sunburn, 307 
** Sunic ’’ lamp, 131 
Sunlight, 80 
Sunlight League, 54 
** Sunrae ’’ lamp, 124, 125 
‘*Sun-Ray’’ Clinic, Newcastle-on- 

Tyne, 330, 335_ 
*‘Sunstar ”’ lamp, 126, 128 
Sunstroke, 306, 307 
Superficial keratitis, 591 
Suprarenal glands, action of U.V.R. 

_ on, 300, 301 
Sycosis, 554. 
— case of, 578 

Syphilis, 562 
— teeth in, 610 
Syphilitic alopecia, 563 
— keratitis, 563 

Ass 

TACHYCARDIA, 489 
Talbot, 617 
Tamm, 512 
Tax on windows, 45 
Taylor, 106, 107, 162, 438 

Taylor and Bates, 222 
Taylor and Griffith, 366 

Teeth in congenital syphilis, 610 
— in rickets, 610 
— use of U.V.R. for whitening, 

621 
Telangiectases, 566 
Telfer, 457 
Test-dosage armlet, 375 
Tests for U.V. Rays, 304 
Tetanus, 512 

Tetany, 492 
Thallium acetate in treatment of 

ringworm, 558 
Thermal Syndicate, 165, 168 
Thermic fever, 306-307 
Thermionic valve rectification, 207 
Thermophore, use of, in corneal 

ulcer, 593 
Thomson, Sir J. J., 51 
Thormetz, 600 
Throat, diseases of the, 595 
Thymus gland, action of U.V.R. on, 

301 
— — in hypertrophy, 485 
Thyroid gland, action of U.V.R. on, 

301 
Tinea, case of, 580 
— circinata, 558 
— tonsurans, 558 
— — case of, 580-581 

Tollet, 217 
Tongue, tubercular ulcers of, 618 
Tonsillitis, acute, 596 | 
— chronic, 596 
Torticollis, 450 
— spasmodic, 497 

Toulant, 302 
Tourmaline crystal, polarization by, 

70 
Trachoma, 590 
Treatment, administration of, 348 
— in rickets, 464 : 
—of body cavities with Q.H.F. 

electrodes, 382 
Treatment: couch, 323, 343 
Treatment-room, ventilation of, 326. 
Trench mouth, 617 
Tridymite, 169, 170 
Trimming an are lamp, 400 
Tubercular bone and joint lesions, 

432 | 
— cystitis, 443 
— dactylitis, 435 
— dermatitis, 427 -428 
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Tubercular epididymitis, 519 
— glands, 429, 432 
— keratitis, 593 
— kerato-conjunctivitis, 593 
— laryngitis, 439 
— orchi-epididymitis, 443 
— osteitis, 435 | 
— —— illustrative cases of, 445-446 
— peritonitis, 436-438 
— prostatitis, 443 
— retinitis, 594 
— salpingitis, 444 
— skin lesions, 421 
— ulcer, illustrative case of, 445 
‘— ulcers of the tongue, 618 
Tuberculosis, dosage in, 397 
— of the ankle joint, 455 
— of the elbow joint, 435 
— of female adnexa, 519 
— of hip joint, 435 
— of kidneys, 443 
— of the knee joint, 435 
— of the lungs, 438 
— of thé shoulder, 435 
— of the sternum, 435 

Tungsten arcs, 338 
— arc lamps, 139, 403 

_ — arc, reflector for, 404 
— spectrum, 139 
Turrell, 139 
Tyrosin, 282 
Tyrosinase, 282 

U 

“ULBRIcH’’ alternating - current 
burner, 179 

-— lamp, 151, 165, 345 
Ulcerative gingivitis, 617 
— stomatitis, 618 
Ulcers in animals, 622, 623 
Ulcers, perforating, 567 
— tubercular, 567 
— varicose, 567 
Ulcus serpens, 592 
““Ultra Sonne’’ lamp, 132, 134, 

517, 528 
— in amenorrhea, 522 
— in vaginitis, 527 
Ultra-violet Clinic, planning of, 326 
U.V.R. and dyes, 414 
— and heliotherapy, 408 
— and internal medication, 412 
— and organic preparations, 413 
Ultra-violet spectrum, 70 

** Ulvira ’’ lamp, 98 
_Undulatory theory of light, 64 
Uranium glass, 236 
Urethritis, 520 
** Uroxameter ’’ test, 219, 229 
Urticaria, 545 
** Uviare ’’ lamp, 151, 157 
‘* Uviol’’ glass, 104, 228, 253 
— filter, 592 : 
**Uviol’’ lamp, 148 

V 

VACUUM, impairment of quartz 
mercury vapour burner, 410 

Vaginitis, 527 
Valvular disease of the heart, 489 
Van Breeman, 450 
.Varicose ulcers, zine ionization and 

U.V.R. in, 407 
Vasomotor rhinitis, 601 
Velocity of waves, 65 
Ventilation of treatment-room, 326 
Ventricular extra-systoles, 489 
Vernal catarrh, 590 
Veterinary uses of U.V.R., 621. 
‘* Victor ’’ water-cooled burner, 183 
** Vignard ’’ lamp, 151 
** Violet Rays,” 347, 348 
Violle, 231 
Visual purple, 301 
‘' Vitaglass,’’ 89, 104, 231, 248-250, 

264, 268, 507 
' Vitamin ‘‘ A,”’ 461 
Vitamin ‘“‘ D,”’ 459, 461 
— formation of, in skin, 534 
Vitamins, activation of, 297 
Vitiligo, 571 
Vitreosil, 104, 136 
Vogel, 221 
Volk, 564, 566 
Volta, 49 
Vomiting of acidosis, 509 
— of pregnancy, 509 
Vulvitis, 526 

, Ww 

WAGNER, 494 
Wagner gynecological electrodes, 
SO Oboe 

Wagner quartz speculum, use of, in 
vaginitis, 527 

Walker, Sir Norman, 422 
Water, sterilization of, by U.V.R., 

287 
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Water-cooled quartz 
vapour lamp, 383, 384 

— — difficulties with, 410 
— — burner, 181 
Waterhouse, 221 
Wave-length, definition of, 65 
Wave-velocity, 65 
Waves, definition of amplitude of, 

65 ° 
— frequency of, 65 
Way, 146 
Webster, Eidinow and Hill, 229 
Weinbren, 448 
Weinstock and Hess, 461 
‘* Westminster ”’ lamp, 124 
— water-cooled, 138 
Weymuller and Wyman, 468 
‘* White leg,’’ 526 
Whitening teeth, use of U.V.R. in, 

621 
Whitfield, Dr Arthur, 309 
Whooping cough, 504, 512 
— case of, 505 
Widmark, 51 
Wilcken, 304 
Willemite, 227 
Williams, Greville, 221 
Wilson, May G., 460 
‘* Windolite,’’ 246 
Window tax, 45 
‘* Wintz ’’ lamp, 516 
‘‘Wintz’’ water-cooled 

lamp, 527 
Wisdom teeth, pain in erupting, 

620 
Wollaston, 71 
Wood’s filter, 251 
Wood’s monochromatic light, 281 
Wounds, 569 
Wratten filter No. 18, 251 
Wrist, tuberculosis of, 435 
Wyman and Weymuller, 468 

mercury 

vaginal 

INDEX 

x 

Xanthelasma palpebrale, 566 
Xeroderma, 551 
— pigmentosum, 314 
— senilis, 308 
X-rays, 70 
X-rays and U.V.R., 407 
X-ray dermatitis, 538 
X-rays in the treatment of acne, 552 
— bone and joint tuberculosis, 434 
— carbuncle, 561 
— chronic tonsillitis, 597 
— eczema, 542 
— keloid, 564 
— leukemia, 483 
— [chen planus, 556, 
— pruritus vulve, 526 
— psoriasis, 550 
— skin conditions, 534 
— soft chancre, 562° 
— syphilitic keratitis, 593 
— tubercular glands, 432 
— — peritonitis, 436 
— ulcers, 569 
— whooping cough, 505 
** X-rays Ltd.’’ lamp, 125 
X-ray ulceration of mucous mem- 

branes, 595 

4 
YOUNG, 593, 

Z 

Zeiss ‘‘ Redfree ’’ lamp, 138, 594 
Zine ionization in the treatment of 

chronic sinusitis, 605 
— corneal ulcers, 593 
— otosclerosis, 609 
— ulcers, 569 
Zine oxide paint, 254 
Zoological Gardens, use of U.V.R. 
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