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: THE .advent. of the 1931 crop of new tubes 
, served to open up wider horizons in high-
. frequency receiver design than the tube 
, and b.c. set manufacturers' advertisements would 
• lead one to believe. The characteristics of several 

of the new types of tubes are such as to satisfy 
• very nicely some of the requirements peculiar 

to amateur-band frequencies that were not so 
well taken care of by the tubes available in the 

, p11St. Specifically, in the realm of a.c. type detec­
tors, the new Type '35 variable-mu provides a 
real solution of the regeneration control problem 
when using grid-leak detection; while the heater 
type '36 and '37 tubes wipe out the microphonic 
and other troubles that beset the d.c. receiver pre-

' viously restricted to using the notoriously noisy 
'22's and '01-As. Still better, the coming of these 
d.c. heater type tubes, with their UY bases, has 
made possible the design of a single receiver that 
can be used optionally as an a.c. or d.c. set with­
out making a major change in its internal con­
nections. Where the appropriate heater type tubes 
are employed alterna­
tively for, either a.c. or 
battery ~peration, the 
same self-biasing resist­
ors, by-pass condenser 
arrangement and other 

' such circuit details, that 
1 

generally yary so widely 
in the two types of re­
ceivers, become identi­
cal. 

to the use of combination a.c. •and battery oper­
ated receivers. It is well known that unless an 
unusually high quality power pack is employed 
for the completely a.c. operated high-frequency 
receiver, it is generally found that the combina­
tion of a.c. filament heating and battery plate 
supply results in a steadier reception when re­
eeiving weak c.w. signals with an oscillating de­
tector. Possibly this may be due to the isolation 
of the two sources of power supply, or perhaps 
merely to the elimination of fluctuations in the 
plate supply voltage caused by minor variations 
in the line voltage. Regardless of the exact reason, 
it must be admi.tted that battery plate supply is 
an improvement under some receiving conditions. 

The life of the "B" batteries will be long, with 
the usual few milliamperes drain demanded by a 
three-tube set,, and the first cost of the filament 
transformer and 135-volt block of batteries will 
be considerably lower than that of a high grade 
"r.a.c." supply designed for satisfactory high­
frequency receiver work. There is also another 

Although little over a 
year ago ·a.c. op.eration 
of an amateur-band re­
ceiver , was generally 
considered rather im­
practical bytheamateur 
fraternity, the readily 
recognized superiority 
of a.c. · tubes over the 
battery type resulted in 
such an accelerated de­
velopment of the a.c. 

SINGLE-CONTROL TUNING OF 
TWO TUNED CIRCUITS 

advantage to the use of 
'' B "-battery plate sup­
ply; rtnd that is the 
complete elimination of 
that slight trace of re­
generation-control ''de­
tuning effect" generally 
encountered to at least 
some degree in all com­
pletely a.c. operated 
ham receivers. Probably 
it is the superior ''regu­
lation" characteristic of 
"B" batteries that over­
comes the trouble but, 
in any event, the com­
bination a.c. filament 
supply ''B"-battery 
plate supply type of op­
eration seems to be as 
free from such trouble as 
when the receiver is en­
tirely battery operated. 

Band spreading, calibrated 1.•olume control, com .. 
plete shielding and adaptability to either a.c. or battery 
o£eration are the salient features of this receiver. ,.The 
i set and forget~' antenna trimmer control is at the left 
and the regeneration control at the right, with the aper• 
ating edge of the calibrated volume control disc immedi­
ately below the main tuning dial. 

receiver that it was not long before the problems 
of a.c. operation were rather well mastered and 
the use of a.c. operated receivers became pretty 
well recognized as standard practice.! 

In recent months, however, an increasing num­
ber of experienced operators has been switching 

* The National Co., Malden, Maas. 
1 Kruse, "Revising Amateur Tuner Design," (JST, Janu• 

ary, 1931. , · 
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For complete battery operation the new 6-volt 
d.c. heater type t,ubes are far superior to any 
ot,hers previously available for such work. Gone 
are all the noises, microphonics, and other such 
troubles of former battery tubes. Also, the heater 
being designed for 6-volt operation restores to use 
the storage battery or "A" eliminator generally 
t,o be found in every amateur station. 

In the case o~ the 3-tube receiver de.scribed 
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herewith, the total current consumption at six 
volts is under one ampere. Unfortunately, how­
ever, at this writing a variable-mu scref'.Jl grid 
battery tube has not, as yet made its appearance, 
but no doubt when the advantages of th.e Type 

THE UNDERSIDE OF THE A.C. MODEL WITH ITS 
BASE-PLATE REMOVED 

'35 become more generally realized, a companion 
battery tube will also make its appearance. 

Of course there is alwavs a demand for a d.c. 
receiver from those who rn"ust operate in localities 
where there is no a.c. avaibble, and now with the 
new heater-type battery t,ubes it is possible to 
design a battery receiver of similar characteristics 
to the a.c. models. Thus the amateur in the rural 
districts, as well as those on exploration parties, 
expeditions, etc., may have essentially the siime 
type of set as their brother operators located in 
the a.c. districts. 

GENERAL DESIGN OF THE RECEIVER 

The peculiarities of amateur reception, both 
c.w. and 'phone, seem to be such as to make 
headsets preferable to loud speakers. For this 
reason there is little point in equipping the typical 
ham receiver with a power output stage; a single 
stage of a.f. amplification is ample. Such is partic­
ularly true when the detector is of the screen-grid 
type and preceded by an r.f. stage that actually 
has some gain. 

As has been discussed in detail in the article 
previously referred to, the screen-grid type of 
tube, combined with certain design essentials, 
has made possible an r.f. stage that actually has 
real gain all the way up to 50 megacycles, and 
perhaps higher. The new '35 variable-mu tube, 
with its lower plate impedance, makes possible 
the further increase in gain from the r.f. stage of 
the a.c. set,Z and the similarly low plate impe-
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dance of the Type '36 screen-g1·id tube gives a cor­
rr,aponding advantage for the d.c. receiver. 

While the combination of a single high-fre­
quency stage and a regenerative screen-grid 
detector is not so selective as a double-detection 
or superheterodyne arrangement, it is equally as 
sensitive as any such receiver and has a very 
definitely better "signal to noise" ratio. This one 
feature alone should justify the one r.f. stage and 
sereen-_grid detector combination, in preference 
to a number of more elaborate circuits with their 
nmrked shortcomings in this respect. 

ARi<le from the value of the gain obtained from 
the single audio s-tage., it serves as a very essential 
coupling medium between the output of the de­
tector and the headphones, so as to insure smooth 
regeneration, freedom from fringe howl and back-
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FIG. l -SHIELDlNG ARRANGEMENTS, GOOD 
AND BAD 

That sho,;,,. at D is used in the receiver described. 

lash, as well as the elimination of undesired feed­
back from the 'phone cord to the input circuit of 
the receiver. Then again, the audio stage makes 
possible the calibrated attenuation control of 
which more will be said later. 

SHIELDING 

While it would seem that the single stage of 
r.f. and regenerative detector type of circuit is 
about as simple an arrangement to build as can be 
imagined, such has been found far from true 
where just more than mediocre performance is 

• Grammer, "The Variable-Mu Tetrode," QST, May, 
1931. 
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demanded. Take, for in­
stance, the shielding; if it is 
not serving its purpose, the 
r.f. tube will oscillate when­
ever the detector regenera­
tion control is advanced. 

' This condition exists to a 
surprising extent in both 
homemade and commercial 
receivers in use to-day. Such 
receivers are tolerated, it 
would seepi, simply because 
the owners have never op­
erated a properly function­
ing receiver employing the 
same circuit properl11 
shielded. '.There just isn't 
any comparison. 

The mere fact that the 
r.f. stage is apparentlystable 
when the detector is ap-

1 proaching an oscillating con­
dition is not necessarily an 
indication of pe1fect shield-

' ing, as ",interlocking" still 
may be present to a most 
obnoxious degree. There is., 
moreover) far moreto shield­
ing than the mere boxing off 
of the different parts of the 
circuit. Take, for example, 

WITH THE COVER OPENED 
The plan of the internal arrangement is the 

same as that shotvn. at D in Fig. 1. \Vith the 
hand-spreading coils in place, the normal con• 
trol-grid clips fasten to the dummy insulating 
plugs mounted on the compartment 1.t.'alls. The 
partitions are welded to the sides of the cabi­
net but are insulated from the base by an air gap. 

The next attempt was as 
shown at O in Fig. 1. This 
arrangement worked fairly 
well in comparison with its 
predecessors, but here, too, 
there was still excessive in­
teraction. Perhaps the com­
partments were so large 
that the 1:1hielding effect was 
nowhere near complete since 
the effect of isolation of the 
coil compartments decreases 
very mpidly :i.s the com­
partment size increases. An­
other disadvantage of this 
arrangement was the re­
quirement of tube shields. 
There was, however, no det­
rimental effect when the 
chassis was placed in a metal 
cabinet. 

After the experience 
gained with models A, B 
ttnd (', we were able to ar­
rive at. the arrangement as 
illustrated at D. Herc the 
eompart.ments were small 
enough to properly shield 
and yet large enough so as 
not to increase the coil losses 
appreciably. Furthermore, 

the receiver being described. If you were starting 
to design such a job, wouldn't you try an arrange­
ment as · shown in I<'ig. IA'? At least, that is 
what we :did, and the results were most disap­
pointing. ,At first thought, this seemed an ideal 
arrangem'ent because the coils, tubes and con­

there was no common partition between the coil 
compartments as had existed in models A and B; 
nnd which, no doubt, ,was responsible for the 
"cover" effect,. The small baffle between the r.f. 
tube base and the coil was found essential in order 
to shield the plate lead and prevent oscillation. 

densers of the two circuits 
were completely shielded 
from each other. It was 
found that with a "water­
tight" joint. between the 
shield and the base' !,here 
was no oscillation trouble 
with the r.f. amplifier, al­
though there was an annoy­
ing amount of t,uning 
interlocking. As soon as the 
chassis was put in a metal 

' cabinet, however, and t,he 
cover closed, the r.f. stage 
oscillated violently! · 

Next tried was the ar­
rangement shown at B in 
:Fig. 1, but here the results 
were not even so satisfactory 
as the previous arrange­
men t. Furthermore, the 
lack of 'symmetry of the 
shielding made it very diffi-

i cult to gang the r.f. and 
· detector tuning condensers. 

September, 1931 

A GOOD EXAMPLE OF HOW NOT TO 
SHIELD 

A study of shielding in the development of the 
receitter described brought out some su.rprising 
points. The example illustrated looks good but 
isn't, as explained in the text. This arrangement 
is the same one shown at A in Fig. 1. 

In the final model it was 
foundadvantageousto make 
the vertical parts of t.he 
shielding integral with the 
metal cabinet rather than to 
weld them directly to the 
chassis. It was found also 
of further advantage to in­
sulate the vertical parts of 
the shielding compartments 
from the chassis itself with 
a ½" air !!;ap and to weld 
them very thoroughly to 
the sides of the metal cabi­
net. The chassis, in turn, is 
grounded to the cabinet by 
several mounting screws on 
ench side. Such an arrange­
ment completed the shield­
ing job by reducing .,inter­
locking to a negligible 
degree. 

A further indication of 
the trouble to be experi­
enced in attempting to use 
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a common partition between the coils in a short­
wave receiver is illustrated at E and Fin Fig. 1. 
This problem was recently encountered in the 
design of another receiver employing the same 

transformers whether the shielding be aluminum or 
steel. In the design of receivers where it is neces­
sary to place the shield closer than the diameter of 
the coil at any point, then there is a marked ad­

vantage in using aluminum or 
some other non-ferrous material. 

FIG. 2 -THE ALL-A.C. VERSION OF THE RECEIVER 

In high frequency work our 
present concern, the real advan­
tage of the use of steel over alu­
minum, lies in its shielding of 
t,he receiver as a whole from the 
low frequency (60-cycle) magnetic 
field which generally so com­
pletely envelops the ham operat­
ingtableand which,inmany cases, 
results in a strong a.c. hum in con­
nection with aluminum shielded 
battery type receivers. Then, of 
course, there is the matter of the 
so-called "water-tight" shield 
joints, which are so hard to obtain 
with aluminumand so easy to ob­
t,ain commercially by welding with 
steel or by soldering with copper. 

Li, L2, L,, L,, L, and L,. See table of r.f. transformer specifications. 
L, - 750,henry plate coupling reactor. A good audio transformer with pri-

mary and secondary connected in series might be used. 
C1 and C, - 90•µµfd. ganged tuning condensers with imulating shaft coupling. 
C,- Midjl'ct type trimmer condenser. 
C, - 8-µµfd. detector transformer trimmer condenseT (incorporated in coil 

form), Hammarlund No. 35. 
GANGING 

C, - .0l•µfd. non-inductive mica fixed condensers. 
C. - • .5-µfd. non-inducti,•e paper fixed condensers. 
C, - 100-µµfd. mica grid condenser, small type. Incorporated in detector r.f. 

At the present state of the 
radio art there is no excuse for a 
2-condenser type receiver that is 
not truly single-dial control in 
the fullest sense of the term .. In 

transformer. 
C, - 250-µµfd. mica by,pass condenser. 
R, - .500-ohm cathode resistor, 2-watt type. 
R, - 2000-ohm cathode re.,istor, 2-watt type. 
Rs - .$-megohm grid leak, one in each detector transformer. 
R, - 50O,000-ohm calibrated tapered type potentiometer. See text. 
Rti - 50,000.-ohm regeneration control potentiometer. ,.. 

the present receiver, such control 
is obt,ained by the mounting of 
the two tuning condensers in 
tandem by means of a flexible. 

R, - 841oltage divider, total resistance 12,000 ohms divided as follows: A, 
69(JO ohms; B, 2000 ohms; C, 3100 ohms. 

circuit. The separate compartments completely 
eliminated the r.f. oscillation and interlocking 
difficulties. 

STEEL VS. ALUMINUM 

Perhaps a word regarding our experiences with 
steel and aluminum as shielding material also 
might be of interest at this point. It is only too well 
known that on the extremely low frequencies, say 
for instance 60 cycles, iron is definitely better as a 
magnetic shielding material than aluminum. As 
the frequency increases, however, this difference 
rapidly diminishes until at broadcast frequencies 
it has practically completely disappeared_; and 
from then on up, from a purely shielding point of 
view, there appears little, if any, actual difference. 

But there are several other aspects to be con­
sidered additional to the pure shielding effect. 
One of these_ is the introduction of losses when 
shielding is placed close to a coil. It is for this 
reason that in the design of the receiver care has 
been taken to keep the steel shielding partitions 
everywhere separated from the r.f. transformers 
by distances at least equal to the coil diameter. 
At this, or greater distances, there seems to be no 
noticeable difference in the resistance of the r.f. 
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insulating coupling unit. 
The trimmer condenser, Ca, shown in the dia­

gram and photograph is not an auxiliary tuning 
control to be juggled along with the main tuning 
dial. It is for the sole purpose of supplying the 
varying amounts of capacity "padding" re­
quired with the differCJ:\t transformers. This 
capacity well might be incorporated in the trans­
former itself if it, were not for the unknown 
capacity-loading effect of the antenna system. 
Therefore, it. is merely necessary to set the 
trimmer whenever a pair of r.f. transformers is 
plugged in and then not touch it until the 
transformers are replaced or a different an­
tenna is connected. Many operators determine 
the proper adjustment of this t,rimmer condenser 
by adjusting for maximum background noise but 
a more accurate way is to adjust the trimmer for 
the point of minimum setting of the regeneration 
control that will produce oscillation in the de-_ 
tector circuit. 

The two tuning condensers are of the sam\'l 
maximum capacity, namely, 90 µµfd., and are of 
the straight-frequency-line type with 270° rota­
t.ion. This latter feature gives a 50% greater 
spread of the tuning range for a given set of 
transformers; or, conversely, for a given degree of 
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criticalness of tuning it reduces by 50% the num­
bel' of coils required to cover the entire frequency 
range from 3:1 me. to 1500 kc. While it might 
seem that a more compact and better mechanical 

substantial reduction of the r.f. reisistance of t.he 
tuned circuits. In the case of the transformers 
that were developed for the 88- to 20-mc. range, 
it was found that the detector refused to oscillate 

arrangement would be the em- ,---------------------------, 

., 
__ ,..,,.,,,.. ....... 

ZO,OOOJ't 

Bt67 8+ 13$ 't>V DC. '11' 

2 'iv A'C.. 

'37 

ployment of a special single unit 
2-gang nondenser, such has 
proven not, to be the case. It 
was found that even though the 
frames of the two separate con­
densers were grounded to the 
main chassis, the breaking of the 
,;:ommon shaft by means of the 
insulated flexible coupling unit, 
in the manner illustrated, was a 
very important factor contribu­
ting to the complete elimination 
of the natural tendency of the 
r.f. stage to interlock and oscil­
late \Vhen t.he detector was 
thrown into oscillation by the 
regeneration control. In a spe­
eiallv constructed single unit, 2-
gang condenser, using the same 
general type of design as em­

FIG. 3-ClRCUlT OF THE COMBINATION A.C.-D.C. MODEL 
SJJ.eci/ications «re identical with those of Fig. 2, 1.uith the follo't.ving ex .. 

ceptmns: 
R,-20,000-ohm 2-tvatt type rcsi:;tar. 
Ra-SO-- or 100-ohm filament centcr .. tap resistor, necessary only with u.c. 

filament supply. · 
SW-~ Regeneration control and cathode circuit switch. 

ployed in the individual condensers hut hav­
ing a common shaft, it WM found that while 
shielding partitions would eliminate the greater 
part of this interlocking tendency, there was 
always a trace left that could not be completely 
cured. 

The special mechanical features of the con­
densers, such as the insulated main bearings (to 
eliminate the shorted turn effect of the frame), 
the constant impedance pigtail and the Hpeciul 
insulation material have alreadv been described 
in detail in QST in the article t~ which there has 
been previous reference. 

R.~". TRANSFORMERS AND BAND-SPREADING 

Following the policy of careful attention to all 
details of a· Rimplified circuit, in order to secure 
maximum performance a special molding material 
was selected for the transformer forms. The use 
of this low-loss material permits the winding of 

· the coil turns into grooves turned into the solid 
· walls of the forms, thus resulting in a rigid trans­
former that will stand up under quite rough 
handling. This special molding material, known 
as "R-89," differs from the ordinary in that it 
C'ont,ains absolutely no wood flour or other mois­
ture 11bsorbing filler, the presence of which has 
brnm discovered by t,hc R.F.L. people to be the 
(•ause of t.he losses and variations in dielectric 
qualities of molded bakelite when placed in high 
frequency fields.' As a result of the practical 
elimination of dielectric losses in the transformer 
field, not only is the sensitivity materially in­
creased, particularly in the r.f. stage where no 
appreciable amount of regeneration exists, but 
also the selectivity is improved due to the very 

'Kruse," A l\Iulti-Range Receiver," QST, October, 1\130. 
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when these coils were wound on forms molded of 
ordinarv hakelite, whereas no difficultv whatso­
evnr wii.s encountered when the speci~'i ".R-39" 
low-loss material was used in the same molds for 
making the forms for this range. 

'While this new receiver is so designed that any 
of the standard six-prong transformers developed 

R.F. TRANSFORMER SPECIFICATIONS 

Winding l 4 .(JOO-kc. l(J(JO-kc. 
B,ind Band 

J,JOO-kc, 
Band 

Size Wire 

·-··--·- ---------,----,---,----,--
Lt aud I,, 111 t. 21 t. :i;; t. No. 22 Enam. 
Tap, turns 

from hottom 
L, and L, 
L, aud L, 

!G¾ 
2~ t. 

4. t •. 
No. 34 d.s.c. 
No. 84 d.s.c. 

IU. aud detector st~i,;e transformers are identical except 
that a ,,.riri leak, µ;rid condenser and trimmer condenser are 
inc.1)rµorated in e·i-u~h detrd,nr transformer. The grid leaks 
tu·t: each h 1uegohn1s, the grid condensers ea<;h lUO µµfd. and 
the trimmer (11.mdensers each approximately 8 µµfd. The 
plat,~ winding (La ur L-d L<i wound between the turns of the 
grid wirtding (L1 or L,), starting nt the bottom of the coil. 
Additional debils are given in the text. 

originally for another receiver 1 may be used with 
it in order to cover the range from 38 me. to 850 
kc., since it has been designed primarily for ama­
teur work it. !ms :1 special Aet of band-spread 
transformers as standard equipment. The three 
pairs of band-spread t.mnsformers are for· the 
14-, 7- and 3.5-mc. amateur bands. In general 
appearance, as will be 8ecn from the accompany­
ing photographs, the new band-spread coils differ 
from the conventional coils onlv in t.hat a lead 
comes out of the top for clipping directly to the 
cap of t.hc scre1,n grid tube, in place of the lead 
built into the receiver. In order t,hat the clips in 
the receiver may not dangle about and short cir­
c:uit on the metal chassis or cabinet, dummy 
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insulating terminals are furnished for fastening 
them out of t,he way. 

Inside each detector coil form there is a small 
grid leak and grid condenser, as well as an ad-

Tol?F 
Plat& 

FTG. 4 - A SPECIAL SIX-PRONG BASE AND A 
FLEXIBLE LEAD ARE NECESSARY FOR THE SEVEN 
CONNECTIONS TO EACH R.F. TRANSFORMER 

justable low-capacity trimmer condenser. The 
schematic diagrams of Figs. 2 and 3 show how the 
band-spreading is accomplished. Here it will be 
seen that (\, the regular vnriable tuning con­
denser, now shunts only a portion of the total 
inductance while the grid leak Us and the con­
denser C, connect directly to the top of the coil. 
Finally, the trimmer condenser C, shunts this 
whole arrangement and is in parallel with the 
tube capacity, connecting directly from the grid 

center of this slot is located approximately 
¼-inch below the end of the grid winding. 

The value of approximately 8 µµfd. for the 
trimmer condensers given in the t,able is the 
capacity at which the condensers are set when in 
normal use. The particular condensers used for 
this purpose are the standard Hammarlund Type 
No. 35. 

VARIABLE-MU REGENERATIVE DETECTOR 

From a purely circuit point of view, one of the 
several outstanding features of the all-a.c. version 
of the receiver lies in the use of the Type '35 
variable-mu tube as a regenerative detector. 
Perhaps the reasons that intrigued us into the 
investigation of the possibilities of the '35 as a 
high-frequency regenerative detector was the 
statement made on the data sheets supplied with 
the tubes, to the effect that their use as detectors 
was not recommended, plus George Grammer's 
story on this tube in the May issue of QST, in 
which he intimated that while perhaps the tube 
manufacturers were right with reference to the 
use of the ':35 as a plate detector, it certainly 
ought to make a good grid detector. Numerous 
investigations and experiments during the past 
few months have borne out this theory. 

From past e..xperience in designing high-fre­
quency receivers employing the Type '24 screen­
grid tube as a regenerative grid detector, it had 
· been found that of the various to the filament. l<1g. ,1 shows a 

sketch of the coil, indicating 
how the prongs of the coil are 
connected and the disposition of 
the screen g;rid lead which comes 
out of the top of the coil. The 
particular l/c ratio in this 
arrangement results in a circuit 
of a high order of sensitivity; 
sufficiently more so than with 
the conventional arrangement 
as to be readily detectable by 
listening tests. 

.. ,-,-... _'--· -_----------, methods of regeneration control 
,~. the most satisfactory was the 

variation of screE>..n voltage by 
means of a potentiometer. But 
how would the action of the ·35 
tube as a grid detector differ 
from the '24 when its screen vol­
tage was shifted'/ For some 
unknown reason the tube manu­
fa(iturers in their data sheets 
and their "engineering nnd 
specification reports," as supplied 
to the radio set manufacturers, 
seem t,o be surprisingly con­
sistent in at least one respect; 
namely, the complete omission 
of any curves that might throw 
some light on the subject. It was 
soon found that this relation is 
of an inverse exponential nature. 
Thus when the screen voltage of 
the '35 is increased from a low 
value, the tube rapidly ap­
proaches an oscillating condi­
tion. The nearer the tube 
approaches the spill-over point, 

Full constructional details are 
given in the table of transformer 
specifications. In all three sets 
of transformers the grid winding 
has its turns spaced so that the 
length of winding is equal to the 
diameter. The· primary or plate 
winding is then wound between 
the turns of the grid winding, 
starting from the "ground" end 
and working up approximately 
two-thirds of the way toward 
the grid end. The lo~ation of 
the tan for the tuning conden­
ser must be accurate to t,he 

THE 7000-KC. BAND-SPREAD. 
ING DETECTOR TRANS­

FORMER 
A special six-prong form is used 

with the turns of the plate coil for 
the r.f. tube wound between the 
turns of the detector grid coil. The 
adjustment screw of the trimmer 
condenser is readily accessible from 
the top, The tickler winding is in a 
slot at the lower end of the form and 
the }lrid condenser and ieak are 
inside, beneath the trimmer con­
denser. 

fraction of a turn indicated in order to spread the 
particular hand over approximately 75 dial 
divisions. The tickler or :mtenna coil is wound in 
the slot at the bottom of the coil form and t,he 

however, the less effect the in­
creasing of screen voltage has upon its tendency 
to oscillate. Consequently we have a regeneration 
control that permits of readily obtaining and 
maintaining a higher degree of regeneration with 
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the attendant smooth slidinp; into oscillation so 
much sought after in ham receivers of the past 
and obtained only to a fair degree by the careful 
selection of tubes and t,he jll!l;gling of grid leak 
and condenser values. 

This same characteristic of the '35 that permits 
of this higher order of regeneration also results in 
a more stable condition with regard to the holding 
of the regeneration adjustment when once set. 
There_seems to be entirely lacking that tendency 
of regenerative detector tubes of ordinary kinds 
to suddenly ''pop'' into oscillation on the slightest 
provocation. 

THE AUDIO SYSTEM 

The detector output is impedance coupled to 
the single audio stage by means of a plate choke 
coil of extremely high inductance value. It was 
found that the use of an inductance of much 
higher order than possible ~th practicable trans­
former coupling resulted in much higher cou­
pling efficiency and complete elimination of any 
tendency towards howling, roughness or "back­
lash" in the regeneration control. These diffi­
culties were encountered to a very objectionable 
degree when straight resistance coupling was 
employed. 

The grid leak of the impedance coupling ar­
rangement is the attenuation control potentiome­
ter. Such a control was found essential due to 
the highsensit,ivit,y of the receiver and consequent 
"too loud for comfort" signals when using a head 
set. Such an audio coupling system results in an 
extremely flat characteristic over a wide fre­
quency band, making the receiver ideally suited 
for phone reception. 

Originally, serious consideration was given to 
the inclusion in the circuit of a t,uned filter ar­
rangement to follow this coupling device, so as to 
give a highly peaked audio characteristic for 
c.w. reception; but as a result of observing some 
investig~tions being conducted by Ross Hull~ Jim 
Lamb, "'nd George Grammer at A.R.R.L. head­
quarters, undou\;>tedly to be discussed in QST in 
the near future, the peaked audio idea was 
abandoned, at least for the present. 

CALIBRATED ATTENUATION CONTROL 

With:a potentiometer in the grid circuit as the 
volume control, it has already been shown how it 
may perform the double duty of volume control 
and audibility meter.< "F'ig. 11 shows how the taper 
of the resistor is determined so that the angle of 
rotation is directly proportional to the ''R" 
rating of Rignal intensity. In this case, the total 
resistance used is .500.000 ohms. 

Wherl the contact· arm is at the high end, 
there i'I zero attenuation and the level of a signal 
ju~t audible at. 1<uch an adjustment would be 
''Rl." Like,.,ise, when the control arm is at the 

1 McLaughlin and Lamb, "What Is Thia Thing Called 
Decibel?" QST, Auguat, 10:n. 

September, 1931 

other extreme, only a ~ignal of enormous in­
tensity will "get through" and thus the rating of 
"H.9." Physically, the attenuation control is 
mounted under the chassis; so, like all the other 
audio components, it is completely shielded from 
the r.f. drcuits and consequently not likely to 
cause any back coupling which would result in 
fringe howl. Furthermore, the control wheel is so 
mounted that it may be operated simultaneot18ly 
with the main tuning dial, leaving the other hand 
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FIG. S - CALIBRATION CURVE OF THE COM­
BINED VOLUME CONTROL AND AUDIBILITY 

INDICATOR 
To cletennine the audibility of signal, the control is 

rotated to the setting where the signal is just audibl4 the 
marking on the disc ut this setting indicating the audibility 
in terms of the ,.: R" system. The calibration is, of course, 
an approximation. 

free for the regeneration control. After operating 
the receiver a short, time, one finds that he un­
consciously shifts the attenuation control up and 
down as he moves from station to station so as to 
maintain the same signal intensity to the ear, 
thu~ making available at a glance a sufficiently 
accurate audibility reading at all times. 

POWER SOURCES 

For complete a.c. operation of the receiver, the 
t,ype of power pack that has been previously 
described is recommended.1 This power unit 
employs a Type '80 tube as a rectifier, an r.f. 
filter and a 2-section hum filter. The power trans­
former, in addition, is equipped with an electro­
static shield between the secondaries and the 
110-volt winding, thus not only preventing any 
r.f. disturbances originat-ing in the power supply 
from getting into t.he receiver, but also preventing 
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r.f. disturbances originating in the rectifier tube 
from causing trouble. The elimination of this 
latter source of r.f. disturbance makes the opera­
tion of the receiver entirely free from the so-called 
"tunable" hum. As show;;_ by the illustration and 
circuit diagram, the voltage divider resistor for the 
"B"-supply is located inside the receiver chassis, 
so as to eliminate any r.f. or common coupling in 
the power supply leads. By having 

a special type of power unit designed strictly 
for high frequency receiver operation. 

When using the battery model of the recefre.r 
with the combination a.c.-d.c. power supply, .a 
common center-tap resistor should be eonnecfod 
across the heaters in:ride the bcrne r{/ the chass-is. 
It has been found that erratic operation . ,vill 
rellult on some frequencies if this center tap 

the power supply a separate unit, ( ~1 ~~ ~ ~ ) 
any a.c. hum due to coupling be- · -
tween the power transformer and 
the detector plate coupling imped­
ance is completely eliminated, thus 
reducing hum in the output of the 
recei vcr to an extremely low level. 

A unique feature of the battery 
model is its design to use either 
battery or a.c. type tubes. \vnen 
used purely as a battery operated 
receiver, then the new 6-volt ,5-
prong heater Type '3G and '37 
tubes arc recommended so as to 
permit operation from the stand­
ard 6-volt storage battery or 
"A" eliminator. As will be seen 
from the circuit diagram, a sepa­
rate "B-.minus" lead is brought 
out in the battery model. Thus 
the standard a.c. tubes, also be­
ing of the 5- prong DY-base va­
iiety, may be plugged in at any 
time in place of the heater-type 
battery tubes and the receiver 
adapted to a.c. operation. 

As mentioned previously, an 
arrangement finding particular 
favor with many experienced ama­
teur operators at this time is the 
use of a.c. on only the heaters of 
the a.c. tubes, so a~ to take ad­
vantage of economical operating 
costs and the superior character­
istics of the '3,5 ·as a regenerative 
detector, "B'i battenes being 
used for plate supply in prefer­
ence to the. so-!)alled "B-elimina­
tor." The operating advantage of 
such a combination shows up 
mainly on weak c. w. signals where 
a higher order of detector stability 
is obtained, due probably to the 
elimination of plate supply varia­
tions caused by line voltage fluc­
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tuations. It would also seem that there is a slight 

resistor is placed acrosi; the heater 
terminals of one of the sockets, 
particularly the detector. If the re­
cei ver is to be used alternatively 
with a.c. and d.c. type tube~, 
provision should be made for re­
moVing this resistor from the cir­
cuit when operating with a filament 
battery so !l.8 not to impose a 
parasitic load on the batteries. 

For eomplete battery operation, 
the fi-volt, heater tubes. were se­
lected not only because of the 
convenient 5-prong base making 
them interchangeable with the a.c. 
tubes and because of the gcueriil 
availability of Ii-volt storage bat­
teries, but also becaw,;e of their 
freedom from · the microphonic 
howls that are causing so much 
grief where the 2-volt type d.c. 
tubes are being used. At this writ­
ing, a variable-mu tube with a 
low-current d.c. heater is not avail­
able so that it is necessary to u~e 
the Type '36 as the screen-grid 
detector, for the present at least. 
As soon as the value of the vari­
able-mu tube as a regenerative 
high-frequency detector i', more 
generally appreciated, however, 
battery operated models will no 
doubt become available. 

Since t.he receiver measures but 
9~4" x 7", it, should prove well 
suited to portable aircraft, and 
other services where space is an 
important factor. Replacement of 
the Type ':37 audio output tube by 
one of the Type '38 pentodes of 
the same series (in the battery 
model) provides a genuinely com­
pact outfit for speaker operation. 
In fact, such a change in the audio 
system results in a rather good 
short wave b.c. receiver. 

increase in freedom from detuning effects 
of the regeneration control when using bat­
teiies in place of "r.a.e." power supply. The 
extent of this improvement, of course, depends 
upon the type of power pack involved and is 
much more noticeable when using the con­
ventional type "B-eliminat.or" than when using 

. e. Strays :11_ 
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The current consumption of the a.c. relay 
described on page 32 of the May issue is not one 
ampere, as stated, but one-tenth ampere. 

QST for 


