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PREFACE. 

The induction coil is one of the most important 

adjuncts of an electrical experimenter’s apparatus. 

It is almost the first piece of electrical mechanism that 

the amateur attempts to build. For the especial bene- 

Gt of this class of electricians, this little book has 

been prepared, containing directions how to construct 

the apparatus and perform some experiments. In the 

preparation of this volume I have also endeavored to 

give the reader some information concerning the bat- 

teries best suited to operate the coils. 

EDWARD TREVERT. 

Lynn, Mass., September 5, 1892. 



CONTENTS. 

Intensity Coils ; ; : 1 —42 

Medical Coils 2 : - 43—61 

Electric Batteries 3 : | 6a. oe 



INDUCTION COILS. 

N induction coil consists essentially of 

A two coils, 2 primary and a secondary. 

To these 18 added, for the purpose of in- 

tensifying their action, a magnetic core, 

®» consisting wenerally of a bundle of iron 

wires. 

7 An alternating ora pulsating current is 

' f = passed through the primary coil, and pro- 

duces (by the phenomenon known as in- 

duction) a current, likewise pulsating, in 

the secondary coil, although the two coils 

are entirely unconnected. 

If the primary and secondary were alike, 

that is, had the same number .of turns 

around the same portion of the core, and 

we were to neglect the losses caused by 
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the resistance of the wire, the hysteregjg 9 
of the core, etc., we should get a current 

from the secondary of the same number of § 

volts and amperes as that in the primary. 

Any change in the number of turns of | 

either coil will produce a change in the | 

relation of the volts and the amperes jin 

the primary to that of the secondary, and 

in fact, this ratio is the same as the ratio 

of the number of turns in one coil to that 

of the other. 

Thus, neglecting the losses above men- 

tioned, if we have Io turns of wire on the 

primary, and 50 turns on the secondary, 

we will have five times as many volts on 

the secondary as on the primary, but only 

one-fifth as many amperes. On reversing 

the above supposition, and giving 50 turns 

to the primary and ro to the secondary, we 

should divide the volts and multiply the 

- yolts 

9? 

peres on the primary by 5, to get the 

and amperes on the secondary. 
am 

It is thus apparent that in order to ob- 

tain any current or potential we desire, we 

have on 
ly to arrange tue ratio of the two 

coils to each other, so as to make it equal 

to the ratio of the potential or current at 

our disposal, to that which we desire to 

obtain, and the problem is solved. 

Practically, however, difficulties are en- 

countered which modify the above state- 

ment very materially. 

In the first place, the output in volts 

and amperes is always somewhat less than 

the amount calculated by taking the ratio 

of the coils. 

This is due to the losses above men- 

tioned, of resistance and of hysteresis. 

Secondly, mechanical difficulties prevent 

the construction of coils in which the ratio 
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of the primary to the secondary is extreme 

ly large or small. 7 

l 
keep the coil within the necessary limigg 

In order to get a high ratio and: sti 

of-sige, “it 1s ‘necessary to “use va large 

This id 

difficult to handle without kinking or break, 

quantity of extremely small wire. 

ing, and the insulation is necessarily gg 

delicate that the least rough usage j 

sufficient to abrade it. Then, too, the fing 

wire coil is of course subjected to a highest 

potential than the coarse wire coil, om 

rather, turns of wire at a great differenca 

are closer together. : 

In coils with a large number of turns oy 

the secondary, it is customary to wind thg 

wire on in scctions, carefully insulated 

from each other, and thus avoid the prox 

imity of wires subjected to a greater differ 

ence of potential than the insulation wil 

In? 

Jalternating 

II 

«¢ induction eon wily; -of ' 

“ The term 

Sees include an 

Isating current In one induces a 

y combination of coils in 
ur 

wyhich 2 PU 

current in 
| 

din the alternatl 

induction coils, but nowa- 

another. The transformers 

a ng system of lighting 

course, 
are, of er : 

om is, in gencral, to restrict ust 

he term ‘induction Gor” to 
the use of the 

that forn 

«open magnetic circuit. 

This use of the term will be adhered to 

, which has what 1s known as an 

sn this article. 7 

Transformers are generally used with an 

primary current, thatv1s, acu 

rent which periodically reverses the direc- 

tion of its flow. 

Induction coils are generally used on a 
, 

urrent which simply fluctuates in strength 

from its maximum to zero. 

A transformer may be used on a fluctu 

Hating current, or an induction coil may be 



I2 : —_ T3 

on with an alternating current. used on an alternating current, but Neith, 
: Y connect) 

The reason 
c circuit is that it greatly increases the 

so effectively as the other way. for employing a closed mag- 
The reason for this is that the tran. ; 

Ng netl 

| Se apacit 
upon itself, or forms a complete ring ATOUN ne resistan 
the coils of wire. When in this for | orm at magnetic force. 

former has an iron core which is ¢lo y of the transformer by reducing 

ce to the formation of lines of 

magnetized the magnetizing current ma On the other hand an induction coil has 

core composed of a bundle of soft iron 

es, Their magnetic retentiveness is 

Wcmall, and the instant the magnetizing 
NS d : 

secondary, therefore in order to mere 

bring the’ core back to its zero state This property it is which makes the 

magnetism, it 1s necessary to reverse thie uctuating current a suitable one for use 

magnetizing current. Practically, the dj, an induction coil. An alternating cur- 

magnetizing current is always as strong #rent would, of course, work as well as a 
ae . ' 

the magnetizing current, and in place MM uctuating current, but would work much 

simply bringing the iron to a zero statihetter, as explained above, on a coil with a 

carries it on to the same strength cf thilclosed magnetic circuit. 

opposite sign. Therefore when a close We will now take up the making of the 

magnetic circuit is used it should be oil, leaving such points as have not yet 
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been made to be spoken of as they og) urpose of introducing the primary wire. 

up in the description. | : It will be well, if possible, to do the 
The coils are to be wound upon qa ty n a lathe, and for that purpose 

winding i 

Jace the reel upon a snugly fitting wooden 

drel, with some sort of a dog to keep it 

built up of cartridge paper, wrapped aroy 

acylindrical stick 7% of an inch in diameg 

The tube is to be 8 inches long and 4 = 

paper to be wound on until it is 7; of . 

inch thick, making the tube 1 inch outy 

diameter. Each turn, or layer, of pape 

to be glued down to the preceding ong} 

that when dry you will have a good ¢ 

foundation on which to begin work, © 

The ends of the reel upon which the vj 

is wound are to be made of well-seasoy 

hard wood, thoroughly boiled in para j FIGURE I. 

of the shape and dimension indicatedy ¢.5m slipping. Then, having pushed a 

the following sketch. (See Fig. 1.) short length, say a foot, of the wire with 

These pieces are placed upon the @ which you are going to wind your primary, 

of the paper tube and glued to it solidly ‘through one of the holes in the end of the 

Two holes are to be drilled in one of} reel, start your lathe to revolving slowly 

end pieces, just below the tube, for 9) and feed the wire on evenly, taking care to 
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have it tight and to keep the {nsulatiog 

unbroken. 

Use No. 16 cotton covered copper wirgl 

on the primary and wind on two layers, 

bringing the finishing end out through the 

other hole in the end of the reel. 

Give the coil several coats of thin shellae 

allowing it to dry thoroughly between each 

application, and then insulate it by wing, 

ing on four layers of cartridge papep 

smoothly and gluing them down as inal 

in making the tube. 

The paper should be cut say half an incl 

broader than the distance between the in) 

side faces of the reel, and Y% inch slits cug. 

along the edge at short intervals, so that). 

when placed upon the coil these slits allow 

the paper to be turned up at the edges and 

(See pasted against the ends of the reel. 

Fig. 2.) 

The paper insulation should be made to 

close to the ends of the reel as possi- 
a A 
fend whatever there may be in the way 

bie « 

f ;tersticcs left between them should be 

O 11 

carefully fille 

a will soak up. 

meaiiet the corners with a mixture of resin 
0 

d with as much shellac as 

It is alsoa good plan 

PIGURE Z, 

and beeswax, five parts of the former to 

phe of the latter. 

The secondary wire is No. 36 silk cov- 

ered. 

On account of its liability to injury, the | 

starting wire should not be brought out- 

side the coil, but be soldered to a piece of 
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No. 18 gutta-percha covered wire, led jy 

through a hole in the opposite end of thy 

reel to that from which the primary wire 

issue. It is next to impossible to repai;, 

break on the inside of the coil after it ; 

once wound, and the greatest care shoul 

be taken while the winding is going on ty 

make sure that everything is right befoy 

leaving it. On this account the outta 

percha covered lead wire should be wedgeg 

firmly into its exit hole, so that it canno¢ 

work around and break the joint inside, 

Wind on the fine wire in the same wal 

that you did the coarse, evenly a 

smoothly, and when one layer is finishey 

it should be thoroughly soaked in thy 

shellac and then covered with three thi} 

nesses of thin writing paper, laid on wi 

shellac. This paper should be made, 

directed above, a little wider than the di 

tance between the inside faces of the ent 

19 

of the reel and slit to fit, and the inter. 

stices well filled with shellac before going 

on with the next layer. 

This is wound on and insulated in the 

same manner as the first, and the process 

continued until the coil is about 3% inches 
in diameter. The finishing end should 
then be soldered to another piece of gutta- 

percha wire passing out of the opposite 

end of the reel to that from which the 

starting end issues, and the coil then cov- 

ered with eight or ten layers of writing 

paper and wound over with silk ribbon or 

cord. 

The danger of breaking is so great with 

this fine wire that each layer should be 

tested after being wound, by connecting 

the starting end of the coil to one pole of 

a magneto and the other pole to a spot on 

the wire, which you can bare for the mo- 

ment and then cover up again when you 



resume winding. Be sure that your mag. 
: : ‘ - on 

neto will ring through the coil before 

cover up the layer last wound. 

Another method of testing; if you hap. | 

pen to be without a magneto, is to have a | 

tolerably strong battery and connect onal | 

of its poles to the tine of a file and the 
other to the starting end, then with q) a 

FIGURE 3. 

piece of wire which touches a bare spot off 

the wire you are winding on, rub the} 

If there is q¢ 

good connection it will be shown by num. 

roughened part of the file. 

erous sparks at the point of contact. 

After winding, the coil may be mounted, 

on its base. 

This base is made of dry, well-seasoned 

23 

F  yood 3 inches wide, 14 inches long and 2 

you” pes high. (See Fig. 3.) | 
Bene bottom is to be hollow and the 

dees and top to be 34 of an inch thick. 
€ a core for the coil is to be made of 

on wires, about No. 12 or No. 14, cut to 

* same length as the reel and bound to- 

gether by fine brass wires into a cylindrical 

bundle. Its outside diameter should be 
euch that it will just slip inside of the tube 

upon which the coil is wound. 

One end of this tube is to be closed by 

4 wooden plug projecting into the tube 4 

of an inch and this, of course, will cause 

the core to project a like distance from 

the other end of the tube. 

The make and break device is to be 

mounted in front of this projecting end 

and is made according to the accompany- 

ing Seetch, (See Fig. 4.) 

It consists of a piece of 34 inch round 
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iron, 4 of an inch long and soldered to 

the end of a piece of spring brass, whose 
other end is bent to a right angle and. 

screwed to the base. To this spring j,” 

also soldered a small contact piece, prefer. 

ably of platinum, but silver may be made 

to answer. 

Opposite this contact piece and Sup. 

see-Platinum, 

Contact. 

FIGURE 4. 

ported by a brass standard, through which 

it passes, is the contact screw, whose point” 

is tipped with platinum. This screw has_ 

a check nut on it to prevent its working 

loose when the vibrator is in action. 

The iron armature on the end of the 

vibrator must, of course, be opposite the. 

spring ca” 

| Aer Wa 
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By of the core and about 4 of an inch 
en y from it. After it is in place the 
awa 

be bent backwards or forwards 

til the best adjustment is found. 
n 

‘ A commutator will be found a very use- 

ful addition to the coil, for, while it is not 
u 

™~7 
FIGURE 5. 

FIGURE 6. 

absolutely essential it will prevent the un- 

equal heating of the electrodes of the 

vacuum tubes used in some experiments, 

and will also serve as a key to open and 

close the primary circuit. 

It consists of a cylinder of hard wood or 

vulcanite, 1 inch long and 1 inch in diame- 
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ter, tc which are affixed two brass strips ¥ | 
i . i 4 

of an inch wide. These strips are L shapeg, 

edges flush nih the surface of ie cylindeg : 

See Figs. 5 and 6. ‘ 

At the centre of each end of the cylindeglh 

is soldered a piece of brass wire to serve agy 

FIGURE ra 

an axis upon which the cylinder turns 

The cylinder is mounted upon two sup. 

ports made of sheet brass and on each side 

of it is a spring brass contact piece. (See 

Fig: 7.) 

The discharging apparatus next claimg 

our attention. | 

The supports are to be made of heavy 

A 
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5 tubing, such as is used in the water 
4s 

ves on steam boilers. They are to be 
aug 
Emly sct in holes in the base, a little to 

one side 0 
ject about 4 inches above the top of 

£ the central axis of the coil and 

See) pro 

the coil. 

FIGURE ‘8. 

On the top of each tube a brass cap is 

fastened by means of sealing wax, as shown 

in Figs. 8 and oO. 

The leading wires from the ends of the 

secondary coils, which should both be 

gutta-percha covered, are to be taken by 
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the nearest paths to the tubes, to thie ine 
side of them, through holes drilled for the 
purpose, and then up to the caps and fag. 
tened to them by screws, as shown in the 
sketches. 

Holes may be drilled in glass with ordi. 

FIGURE 9. 

nary drills, whose points are kept wet with 
turpentine. 

A discharging rod must be made for® 
each cap piece. It must fit the hole in 
the cap snugly but not tightly, and be long 
enough to reach half-way from one pillar | 

to t 

othe 

| smal 

. £0 clam 

able to a 

shown in Fig. 11. 
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other and have room left on the 
he ; 
end for a handle. 

inboard end of each rod must be 

a bout an inch deep and have a 

1screw witha milled head, with which 

p anything which it may be desir- 

ttach to the rod. (See Fig. 10). 

FIGURE IO. 

The condenser for the coil may go into 

‘the hollow space in the base or may be 

laced in a separate box, but the first 1s 
P 
referable, as the instrument is in this way 

p 

self-contained. 
| | 

Prepare 50 sheets of tin foil 6 x 8 

inches and cut off one corner of each, as 

You will also want 



FIGURE 12, 
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co sheets OF 4 Es, Figure LZ. 

The cutting of both tin foil and paper 
of course, be done by hand, but it is 

thin writing paper, cut accord- 

‘can, 
“petter t0 

F to about 
‘nder to trim to the shape you want. 

fold up a number of large sheets 

the right size and take them to a 
| pookb 

| gach paper must be examined 
carefully 

wa 

Pina darkened room, before a gas jet or 

q “fame, for pin holes, and if any are found 

F the piece having them must be rejected. 

The paper is to be paraffined by dipping 

: it in the melted wax. The melting must 

| pe carefully done so as not to cause the 

| wax to boil or burn. After dipping a sheet 

© draw it out and if the paraffine is hot 

enough the bubbles will run off. It must 

then be hung, by wooden clips, on a line 

already stretched for the purpose and the 

wax allowed to harden. When all the 

papers have been prepared we are ready 
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to build the condenser. A COM partmey 

should be made in the base for the Cot 

just large enough to contain the cond 

that is;.9 x z-inches. 

Place five sheets of the waxed paper id 

this receptacle and then lay on them 

FIGURE 13. 

CNsepe 

ap 
sheet of tin foil, with its unclipped cornep 
projecting over one of the clipped corners 
of the paper. (See Fig. 13). Then lay ong 

sheet of paper and on top of that anothey 

sheet of tin foil, this time with its un 

clipped corner over the o¢her clipped corne 

of the paper. Then follows another shee 

31 

P per and then one of tin foil, laid on 
, a ° 

of P frst, and so on, alternating the 

2.9 of the unclipped corner with each 

. When the last picce of 

Boro] is in place put on the remaining 
P of paper and cover the whole with 
s 

mall board of the same size as the com- 
as 

FIGURE 14. 

artment in which the condenser is placed. 

On the side of the board cover which turns 

towards the condenser glue two blocks, one 

over each of the uncovered corners of the 

tin foil, and of such a thickness that when 

the cover is in place they will press the 

sheets of tin foil into compact bundles. 

(oce Fig. 14). 
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Then through the side of the bex ho, 

a3 

> battery power use three or four large 2 ing the condenser screw two short roungie at cells, which are to be connected 
§ Gren ; pesd meee screws far enough in go tha ee pinding posts. 

their points shall penetrate the foil and ty 4 when the battery is connected and the 

these screws attach the wires to the Conf jutator turned so that the brushes are 
u com denser. The connections may now bee. ching the metal strips start the vibrator 

made according to Fig. 15. — touc 

ae 

Bats car | 
Sas i 

£ oi 
= = Me ‘ oi EEE — 

= as 

FIGURE 16. 

FIGURE IS. | 
7. to working and adjust the contact screw 

6 aig Of course the wires are to be run be. 
until the motion is uniform and smooth: 

i - neath the base board as much as possible q Then bring the ends of the discharging rods 
and wherever they cross one another they (which have previously had short pieces of 

wire inserted in their ends for discharge 

pints) together, when a shower of sparks 

should be carefully insulated. 

Fig. 16 1s an elevation of the coil conti r 
| wm P 

plete. 4 will be observed to jump across the space 
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between them. The closer the POints 9 
together the more intense the sparks 

Bend one of the wire discharge Doing 
so that its side is presented to the eng 
the other, and the spark will be obserye 
to assume a brush-like form. A ball on th, 
end of one of the discharging rods has the 
same effect of producing a brush-like dis 
charge. Discharge points made of fine 
iron wir2, when brought closely togethen 
give a brilliant spark and cause one of tha 
points to heat up and burn away. 

Discharges through vessels which are 
partly exhausted of their air present a ver ; 7 
different aspect from those in air at orggll 
nary pressures. These effects are usuallye 
shown in a glass globe, into which eleg | 
trodes connected with the coil project 
(See Fig. 17.) | 

These electrodes have rounded ends and) 

are sealed air-tight where they enter the { 

a: e. 

| a d, by means of which the globe may 
aati 

* attached to an air pump for exhaustion. 
e 

q a en the air is partly exhausted and the 
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An orifice with a stop cock is pro- 

FIGURE 17. 

current turned on, a stream of light takes 

the place of the spark. 

ees decided difference in the character of 

the discharge at the two electrodes can be 

observed now. At one electrode the light 

is a brilliant red and at the other a soft 
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violet. The use of the commutatogr howl se col0r, varying to orange, and carbonic 
‘0 appears, for the electrodes differ not only i fa pale green. 

in appearance but also in temperature, ang ’ 
the temperature of the hot electrode Wil] 7 
often get so high, in the case of Geissler | 

If a piece of uranium lg be examined 

| rdinary light its color will appear to be 

§ a t yellow, but upon holding it between 

* .. and the discharge through a 
th 

cuum tube or globe it will show a bright 

tubes, as to destroy the platinum Wire 

which leads the current into them. q 

Been color. 
: 

Geissler tubes are simply hermetically- 

sealed glass tubes, arranged to show the 

‘came effects as those produced in the elec- 

tric globe, and are cenerally constructed 

Bo that the discharge takes the orn ss 

some design. ‘The variety of forms win 

they may take is limited only oy the in- 

| y of the glass worker, but inasmuch 

By rotating the commutator so as to _ 
change the direction of the primary cur. 
rent, an excess of temperature at eithe; 

electrode may be avoided. 

The gas which fills the globe has a great 
effect upon the color, and sometimes the 

character of the discharge. When, after 

: 
WAT 

lr 
| 

wii 

|| Hil 

r. PATA 
a | | | 

t ait 

7 ? aii Hh 
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Hydrogen gas, under the same circum- ' 

| 

| thorough exhaustion, a small amount of 

alcohol or naphtha vapor is introduced, the 
genult 

as their manufacture requires no inconsid- 

erable skill, the attempt will not be made 

‘here to give directions for constructing 

discharge, instead of appearing as a solid 

stream, will be divided transversely into a © 
number of zones. 

them, and the amateur, if desirous of ex- 

stances, gives a white light, nitrogen a | 
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perimenting upon them, had best by 
ready-made, 

They are necessarily extremely fragile 
and, moreover, great care must be CX€EICiseg | 
to have the primary current reversed fre. 
quently enough to prevent undue heatj 
of either electrode, as noted above. 

Lhe Primary Spark. — When the ¢ojj 
and battery are connected, a smal] bright 
Spark may be seen between the point 
of contact of the platinum tipped screw 
and contact breaker. When the coil and 
battery is large, it has the appearance of a 
flame. 

Lhe Secondary Spark.—When the bat- 
tery circuit is completed and two wires 
are attached to the binding post of the 
Secondary coil with their free ends brought 
near together, a stream of sparks will pags 

Y ther 

Ng q 

a9 

This is caused by the 

dary current. 

a 
tween pom. 

quced Br secon 

fatic Spark.—lf you bring the 
i Ss a a piece of wire, or any other con 
4 | e e ° 

cnuck -.. either binding post of the 
quctor 

J ry coil, sparks of feeble brilliancy 

om fone to the other. These 
wi il pa 

j f a static con- anifestation oO 
;. are a m1 

sparks 
Ftion of the current. 
dl | 

- Calorifice Dynamic Spark. 

| distance between the two wires from 
the dl 

7 secondary coil and the spark will 
the 

Diminish 

‘pecome brighter and more i a snares 

Bac q fiery red color, a condition suitable 

* ignitions and ail calorific phon 

A spark may be made . diverge to- 

wards a flame by first arranging the elec- 

| trodes so as to obtain a spark of average 

e other of the 
ing from one electi ode to th 

| &§ 3 

: current is pass 
. | ~ Jength. Then, while the 

| 
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discharger, bring the flame of 4 oll 
candle near the stream of sparks 1 
stantly the character of the spark 
change, its luminosity will be Creag, 
diminished and it will be attracted b 
flame. This is probably caused by th 
heated atmosphere around the flame ap, 
the particles of unburnt carbon in gp, 
flame form a better conductor than the 
ordinary atmosphere. : 
A spark may be elongated by simply 

placing a lighted candle below the dis. 
charging electrodes. The spark becomes 
blue and it will be found that the clea. 
trodes can be separated much farther than 
before, thus producing a spark three op 
four times longer than by ordinary means, 
A very pretty experiment is to sprinkle 

some very fine copper and iron filings upon § 
a piece of hard rubber, then brin@ the 

_ two electrodes in contact with the filings, 

Al 

: in all directions * sparks will be seen in all d 
wile ) Bot yarious colors. 

* 

lamp 
: | coil in contact sres from the secondary 
am 

ean ordinary Edison incandescent c 
q upon the table and bring one of the 

with either the glass globe or socket and 
” 
Fe, ; ill | 

: :.. aurora. By bringing the hand 
glow with a static discharge resemb- 

¥ the glass its brilliancy may be greatly 

5 creased. 

| A Leyden jar may be charged from the 

oil in the following manner: ie the 

5 upon a piece of hard rubber, thus insu- 

j .. it, and attach one electrode to the 

‘pall of the jar. Place the other ae 

ae short distance from the enretee Ch 

ing of the jar. As soon as the coil is set 

sn action the jar will begin to charge and 

| ih be discharged by the ordinary reales, 

Phosphorus may be ignited by placing a 

q 
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small piece the size of a pea Upor a dl 
or carthern plate and allowing the spas 
pass through it. | 

Ether may be ignited by wetti 
small piece of cotton wool with Sulphye 
ether and holding it between the dischap 
ing electrodes while a current is Passin, 
Hydrogen gas may be ignited by Simp 
sending the sparks through a Stream of) 
from an ordinary gas burner. 

lee 
az MEDICAL Cott, 

i 

_«,duction coil for medical purposes 
y in q analogue of the one just dpegebed, 

Bene in general dimensions and details 
dine. Not being intended for such 

Many other interesting experimenp yoltages it need not be so large, nor 

may be performed but the Space in thy 
little book will not allow for their descrit 

+ the secondary wire be so fine. 
4 e the tube on which the PEnigny : 

tion. We will now consider the constr 7 e wound of aes sie ip 
tion of the shocking or medical coil, be wound upon a 5 inch cylin 

i and enough paper put on to make the 

ide diameter of the tube 3{ inch. The 
to be 6 inches long and to have 

© each end a rim made of fiber, vulcan- 

Beard wood. (See Fig. 18.) 
ace ends are to be glued firmly to the 

{ 
~~. 
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tube = two holes are to be drilleq } 

of them, to take out the starting 

ishing wires. 

. The whole is now shellaced and 
wed: 

Bally © 
4 riting paper stuck on with shellac. 

g ang overed with four or five layers 

& 

e pa 

re the distance between the ends of the 

The primary is to be No. 18 cotton, 
ered wire, of which there are two lay | 
Leaving an end hanging free through, 

OAL | 

per should be cut a little longer 

& slightly slit along the edges, so 

to allow them: to be turned up and 

ted against ie ends. 

| ail ‘nterstices, especially those at the 

s of the spool where the paper joins 

ey oe, 7A) Gee eee = | nt q n, should be filled with as much thin 

J es , 4 . as they will soak up. | 

. prill a hole for the starting wire of the 

Pushes 18 condary at the opposite end to that from 

. 1 ich the primary wires issue, and as close 

of the holes above mentioned, wind On fie | 
wire tightly and smoothly, shellacing | 
first layer when wound and covering 

with a piece of writing paper. The sol 
layer is then wound on and its finish ut through the hole, leaving the joint 
end pushed through the other hole aignside. “And, by the way, any soldered 

, the paper covering on the primary as 

pssible without injuring it. 

“The secondary wire should be attached 

9a piece of No. 18 wire, which is passed 
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joint made with chloride of zinc mt Beaker. The finishing wire should be 
carefully washed, preferably With a sjaeree to a thicker piece when it leaves 

before being taped, as the acid, if idl } coil, on account of its liability to in- 
would in time eat away the insulation Ge sry £r0™ rough handling. 

s coil should be mounted upon a base 

ord 3, inch thick and sufficiently large 
bo 

have room for the contact breaker and 
to 

cause much mischief. 

The secondary should be about No! 
silk-covered wire. Each layer Must 
shellaced as soon as done and then Cover four binding posts, besides the coil. 

with a sheet of thin writing paper, wil 
————S nN; it Se 
Lisgernswserse SyaF Satees edges are turned up where they touch ¢ 

faces of the end pieces and stuck fast 
FIGURE IQ. them, This prevents the wires of g 

layer sinking down into the one beneath The coil must be provided with a core 

There is much virtue in shellac aby composed*of iron wires bound tightly into 
; A t dd any electrical instruments and it gp ¢ pundle by fine brass wires at each en 

and the middle. scarcely be too freely used, especial 

This core should be about a quarter of | where the currents are high tension. 
Wind on wire until the outside diamet ys inch longer than the coil and three or 

of the coil is 134 inches and cover the wh j| four of the middle wires should be allowed 
to project far enough to attach a handle to neatly, first with paper and then withy 

fem, (ee Fig. 19.) bon, velvet, or whatever suits the fancy 
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# a 

AQ 48 : = 4 pct.” Opposite this is the adjusting 
“s (00) , 

ua The core must be just large enough # Sy, also with a small platinum contact 
oe | | | slip easily into the tube. 

These wires do not have to be clean and 
bright, in fact, the rustier they are the 
better it is for preventing “ Foucay] 
currents among themselves. 7 | 

Bint. Bc magnet is to be wound for about 

_, inches of its length with two layers of ey 

., +3 cotton-covered wire after being in- 

lated with paper. 
¢ 

t 

Primary 

FIGURE 20. 

The magnet for the contact breaker may FIGURE 21. 

be made of a piece of &% inch round sof BY. 5 ina be of apa 

i he binding y ae: iron, bent at right angles and fasten m | soak Wd 

the ie board : Crna 20.) q 7 to suit the maker and the whole thing is 

| eee | ordance with the 
Before it is the vibrator, consisting of a) be a mae 

an accompanying diagram. (See Fig. 21.) 
spring with a piece of quarter inch iron} - a ia Se eae 

q inding fastened to the end, and a little below and | a oe 2 battery (ono ean - 

: lags . a wl ( 
on the other side a piece of platinum fora | Pte | 

s 
3 
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“¢hromate cells), and the posts S S to what- 

ever apparatus you may have arranged for 

taking the shock from. 

This usually consists of two tin handles 

attached to flexible conductors. For some 

purposes a moist sponge mounted upon a 

wooden handle, with a wire attached to a 
+ 2 pias a, ihe FIGURE 22, 

metal plate near its centre, is used. (See 

‘ q Fig. 22.) 
The batteries having been connected to 

the primary wires and the vibrator adjusted 

to a uniform buzz, the core is pulled out 

| and the handles grasped. Then insert the 

core until you get the intensity of current 

you desire. Figure 23 is an elevation of 

, the coil complete. 

FIGURE 23, ; ‘Another small coil will now be described, 

| suitable for shocking, and a few of the 

experiments on high tension currents. 

Take a brass tube ten inches long and one 

inch in diameter, and slit it on one side 
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the full length of the tube. This is (i 
prevent wasteful currents in it, whieh 

would greatly lower the efficiency of the 
apparatus. On each end of the tube sli 
a piece of fiber or vulcanite cut in the 

3" 
6 =e 

FIGURE 24. 

shape shown in Fig. 24. These pieces niustil 
fit on tightly. Carefully insulate the brass. 
tube by winding several thicknesses off 
writing paper on it and shellacing them 7 
down, and drill a y; inch hole in one of the ' 

7 covered copper wire. 

e inches of the wire through the hole from 

; 
Oy 
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washers near the tube to let the starting 

“wire through. The primary which is to be 

“wound first is of No. 18 double cotton- 

Push about ten 

‘the inside and wind in four layers, placing 

 petween each layer a piece of paper. 

The finishing end should be taken out 

through a hole in the washer, where it 

stops. Shellac what you have wound on 

~ and cover it with six or eight thicknesses 

of writing paper well shellaced on. 

For the secondary we will use No. 30 

double cotton or silk-covered copper wire. 

Make another hole in one of the washers 

for the beginning of the secondary to pass 

through. It would be well to use a larger 

wire to go out through the hole, say some 

‘of your No. 18, as the finer wire is likely 

to be broken off, which would necessitate 

unwinding the whole coil to repairit. So 

| 

| ih 

} 



54 ! 

solder on a piece of the largér wire to youglil 
No. 30 and tape the joint well and push, 
the larger wire through the hole and Wind 
on as before. Shellac each layer as you 
finish it and cover it with a layer of paper. 
Wind the spool full. 

FIGURE 2 

of little brass angles 214 inches long and a 
72 inch in each leg (see Fig. 25). 

Drill them for screws and use them at 
the ends of the coil you have wound to 
screw it to a board you have selected for a 
base. The core for our coil should be 
made of soft iron wires. 
simply slipped inside the brass tube and 

a 

« 

# 

, 

Now make a couple 

These can be 

55 

% there permanently, or can be made 

4 yable by attaching them to a handle. 

-* latter case a great variation in the 

i ndary E. M. F., can be produced by 

a the core in and out. The wires 

* be rusty to avoid ‘Foucault’ cur- 
* as far as possible. Cut the wire off in 

i ‘ach lengths until you have enough to fill 

% tube snugly. Bind each end and the 

aie of the bundle with a few turns of 

ne brass wire and fit a wooden handle to 

\ 

one end. . 

A contact breaker must be provided to 

‘ntroduce into the primary circuit. Bie 

s be made by taking a nees of 4 inch 

square wrought iron and bending it an 7 

e shape. The piece should be origt- 

nally 4 inches long, and when bent sia 

each leg one inch long. Wind the ras 

‘part ¥% inch deep with the same kind of 

; f course wire you used on the primary, 0 
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ard of your coil by a cleat, so that insulating the iron beforehand where seb° 
wire will touch it. A hole shoulg hi 4 spring will be perpendicular and the 

tapped in the end of one of the legs fo. w iaaed end in the air. The spring should 

ee: q e bent back as shown in Fig. 26, so that 
) 

Inch machine screw. Cut a strip of sham 
; , erat: : ; 3. brass ¥% of an inch wideand 24 inches ] . ihe iron armature shall be about 3% of an 

On t for a spring for a vibrator. If the brace 
is not already springy enough, it cap 4 

made so by pounding it alittle, Solder a 
we end of this strip a piece of Wroughe 
Iron such as you used for your Magner 
core, }4 inch square and ¥% inch thick. Aid 
at the middle of the spring, on the opposifil 

he 

BR 8 
L 

side to which you fastened the iron soldey : . 

7. a small piece of shect platinum for a cop. 

FIGURE 26. 
tact. If platinum cannot be procured. 
Silver is the next best thing. Throws 
the other end of the spring drill an 1 indi 
hole and screw it by this to the leg of the 
magnet you tapped, bringing the loaded 
end of the spring opposite the other leall 
Now fasten the magnet down ta thal 

Bench from the pole of the magnet. Now 

F bend up a piece of brass wire as shown in 

the same figure with a slotted eye in one 

end by which it can be screwed to the 

board and the other end of such a height 
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ining binding posts. We are now 

i dy to operate the machine. 

a nect two or three cells of the battery 

BI hromate is the best for this pur- 

j to the primary binding posts. As 

a s the current is turned on, the mag- 

. 2 the sirotel breaker should draw the | et 

58 
that it will touch the platinum 
piece soldered to the spring, Th 
the wire should also have a platinum Con. tact soldered to it. Screw the wire down to the board so that its free end wil] juga touch the spring and make a firm Contact. 
Four binding posts should be Provideg two for the primary and two for the soll ondary. A diagram of the connections 4, | given in Fig. 27, The wires should be run underneath the baseboard in Stooves cyt ; in its bottom and carefully insulated from q oo each other wherever they cross. The cur. rent is taken from one of the 

Contacg 
€ end of 

‘ron on the spring to it and break the cir- 
binding | a between the spring and the ~ Posts to one of the primary wires and from Pe. This of course allows the spring thence to the Winding on the circuit # 

ie 
y back and again complete the circuit | 

| 
eep u 

breaker, then attached to the Circuit + & hen break it again, and thus keep up 
breaker spring. The other binding post q a steady vibration. The brass wire must and the brass wire of the circuit breaker 
are connected. Each of the secondary s Wires is connected to one of the other 

djusted by means of the slot until the be a 

Beker works well and constantly. Now 5 
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a out the core of the coil and place 

ur fingers on the two secondary binding 

“ost 8 and gradually push in the core, when 

‘oll will feel the well-known tingling of a 

quisating current of electricity. When 

ihe core is pushed in, the current becomes 

stronger, and when it is pulled out the 

yrrent weakens. By this method quite a 

ange of electro-motive force can be 

ecured. Of course, the more batteries 

you use the stronger will be the secondary 

Byrrent. Figure 28 shows coil complete. 
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gnough to make a quart of solution costs 

only fifteen cents. It is manufactured by 

the “ Bubier Publishing Co., Lynn, Mass.” 

 Voltatc Cell—The simplest electric bat- 

4 made is the Voltaic Cell. This is 

ELECTRIC BATTERTEG IE 

A battery to be used with an ind made by placing in a glass Jar some water 
Uctig 

coil should give a strong and stead paving a little sulphuric acid or any other 
rent, therefore none but closed “inl 7 oxidizing acid added to it. Then place in 

batteries should be used. Of ‘these the it separately two clean strips, one of zinc 

“Bunsen” and “Grenet» _ @ Z, and one of copper C. This cell is capa- 

the best. The author prefers the Grell ble of supplying a continuous flow of 

as it is the cleanest and easiest to Care fop . | electricity through a wire whose ends are 

9? 
“ Grove, 

besides it does not throw off any NOXions -prought into connection with the two 

fumes. Also the exciting solution ie strips. When the current flows the zinc 

easily obtained or made. Particularly No. ‘strip is observed to waste away; its con- 

ticeable among the solutions prepared fo, 
this battery is “ Bydzer's Lattery Com. 
pound,’ which comes in the form of a 
salt, put up in neat boxes, which can be 
sent through the mails. All that is neces. 
sary in using it is to mix it with water, eee OPS are Connery re 

‘sumption, in fact, furnishes the energy 

required to drive the current through the 

‘cell and the connecting wire. The cell 

“may, therefore, be regarded as a sort of 

chemical furnace in which the fuel is zinc. 
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no appreciable difference of potential pe 

tween the copper and the zinc wil] be af | 
served by an electrometer; because the | 

€ 
electrometer only measures the potentigy 

at a point in the air or oxidizing me 

ek 
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FIGURE 209. 

outside the zinc or the copper, not them 

Them 
zinc itself is at about 1.86 volts lower po- 

tential than the surrounding oxidizing EF 

potentials of the metals themselves. 

media; while the copper is at only about 

3 

dium — 
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4s volts lower, having a less tendency to 

pecome oxidized. There is then a latent 

difference of potential of about 1.05 ss 

petween the copper and the zinc; but this 

"produces no current as long as there is no 

metallic contact. If the strips are made to 

touch, or are joined by a pair of metal _ 

wires, immediately there is a rush of glee * . 

tricity through the metal from the copper 

to the zinc, and a small portion of the 

yinc is at the same time dissolved away ; 

the zinc parting with its latent energ 

as its atoms combine with the acid. This 

| ing a discharge 4 energy is expended in forcing a g 

of electricity through the acid to the cop- 

@ per strip, and thence through the wire 

circuit back to the zinc strip. The copper 

strip, whence the current starts on ee 

journey through the external circuit, = 

called the positive pole, and the zinc strip 

‘is called the negative pole. (See Fig. 29). 
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The Grenet Battery, shown in Fic 
30, consists of a glass jar or bottle. 
well amalgamated zinc plate forms One | 
pole and a pair of carbon plates, one on 
each side of the zinc, joined at the harq 
rubber top, forms the other pole. The! 
zinc plate is fixed to the glass rod, by 
which it can be drawn up out of the soly. 
tion when not in use. To charge this bag. ] 
tery proceed as follows: 

To three pints of cold water add ful 
_ fluid ounces of sulphuric acid. When this 
becomes cold add six ounces (Oras much § 
as the solution will dissolve) of finely pu] 
verized bichromate of potash. Mix well, 

Pour the above solution into the class 
cell until it nearly reaches the top of the 
spherical part; then draw up the zinc and 
place the element in the cell. The fluid 
should not quite reach the zinc when it is 
drawn up. “Bubier’s Battery Compound” 

Sure 

- 

07 

FIGURE 30. 
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can also be used with good advantage a 
this cell, ; 

Lhe Grove Cell consists of a glass jar q 
containing the amalgamated zinc cylinde, Z 
and dilute sulphuric acid. In the Inner | 

j 
. 

* = - —— SSS = eae — : = ——— = 

= ———- — See ae 

- a bh 
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porous cup a piece of platinum foi] dips 
into concentrated nitric acid. There Is no 4 -_ N i TTT TT | .. bea es 
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FIGURE 31, 

polarization, for the hydrogen liberated at 
the zinc plate, in passing through the g 
nitric acid on its way to the platinum pole, : | PIGURE GS decomposes the nitric acid, and is itself 
oxidized, producing water and the red 
fumes of nitric peroxide gas. This gas 
does not produce polarization, as it js 
a, 
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readily soluble in nitric acid, Th 
has both a large amount of ctect a 
ase and a low internal resistances il 
will furnish continuously for thre oa 
hours a strong current. (See Pre ol 

My s lhe Bunsen Cell is a modification of th e 

r 

Grove, the difference being in thj | S 
that the platinum foil is replaced vil 
plate of hard carbon. ya 

(See Fig, 32 

the Laylor Battery.—This tl Was | 
invented by Mr. Theodore F. Taylor, ¢} » “ne : 

. e 1 

i of electrical science relating to b 
sence This new battery iisosces S ‘a 
admirable features which deserve _ 
than a passing notice. It was gotten ; a 
on the demand for a constant, “eal 
«sans Hraiata that would maintain a 
teint , and the ony seems to have 

ained to a large degree. There j 
no local action when the cell is stand 

S 

} invention. 

} carbon element, and is c 

_jarge, powertu 
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| idle, and the zinc is thoroughly amalga- 

‘mated by a process of Mr. Taylor's own 

The battery is of the zinc 

onstructed on a 

scientific basis, with the object of giving a 

1 and steady current at a 

minimum cost. It is the result of twenty- 

eight years of experience in telegraph and 

ectrical work. The best material is used 

nter- 
el 

and special care taken to insure low 1 

nal resistance. 

One feature of this battery 1s that the 

zinc element is wholly immersed in the 

solution. The active zinc surface in the 

No. 2 cell is twenty-seven and one-half 

square inches. By the total immersion of 

the zinc, about thirty per cent of the out- 

lay for that material is saved. The solu- 

tion around the zinc remains clear and 

there are no creeping salts. 

A No. 2 cell (6x8 inches in size) gives 
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,g0 volts in open circuit work, and deliv- 

sys. a Current of 22.5 amperes on short 

| Brcuit. The internal resistance of the cell 

is only .o77 ohms. The porous cup holds 

Tone pint of the depolarizing solution, which 

jg good for seventy ampere- -hours at a 

J cost of six cents. The cell can be set up 

_ | with a saturated solution of common salt 

around the zinc. Some idea may be had 

of the power of this battery, when it is 

q stated that one No. 2 cell will run an Edi- 

} son phonograph twenty-three hours. It 

‘yeplaces thirty gravity cells. Two No. 2 

cells and a good series wound motor will 

run a light sewing machine. 

These cells are admirably adapted to 

| intensity coils. A No. rcell (12x7 inches) 

| has a capacity of 350 ampere-hours, and a 

“No 2 cell (8 x6 inches) of 70 ampere- 

Whours. (See Fig. 33). 

Gravity Batteries are two fluid cells. 
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The one shownin F ig. 34, is the Crowfoot 
Battery. Instead of employing a 
cell to keep the two liquids separate, 
possible, where one of the liquids is hea 
than the other, to keep the latter on 
bottom, and have the lighter floating 
m: this separation, however, is never 
fect, the heavy liquid slowly diffusing | 

upward. : 

It ig 
Vier 

the 

To set up this battery proceed as fol. 

Porous § 

“ Upon r; 
| 

per. ff 
“ 

bd 

lows: Open out the COpper, SO as to pre.’ 7 
sent all of its surface to the action of the 
solution, place it in the bottom of the jar, | 
run the insulated wire out of the top of 
the jar for connecting up. Suspend the “J 
zinc above the copper by hanging the 
hooked neck on the rim of the glass. Pour 
clean soft water into the jar until it covers — 
the zinc, then drop in six or eight ounces of 
copper sulphate (blue vitro!) in» smal] 
crystals. 

| 
. 

45 
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Connect the battery (for ordinary pu 
is poses) zinc of one cell to copper of th 

hext and so on, and connect the two ele 
trodes of the series and let them so renal 
for a few hours, until the separation of aa 
two solutions, which will be known : 
blue observed in bottom.of copper solutig 
ae “blue line” should be maintain 
midway between the zinc and copper - 
when it is too low, drop a few crystals g 
copper sulphate, when too high, connect 
the battery in short circuit as before de 
scribed until it goesdown. | 

While the battery remains in action 
there is an increase in quantity of zinc 
sulphate solution in the upper part of the 
Jar. 

When zinc oxide forms on the surfaces: 
of the zinc, it must be taken out and 
washed in clean water with a brush, This 
battery will be found very useful for use 

by the | 

7/7 

with medical coils when a mild current is 

wanted. 

| Plunge Bichromate Battery. — One ot 

‘the simplest, best and most inexpensive 

batteries to make where a strong current 

js wanted for an intensity coil is a Plunge 

‘Battery. This can be made in the follow- 

"ing manner: 

Make 4, 6, Tor-or any-even. number of 

common tumblers, and arrange them in 

“two rows parallel to each other, the tumb- 

Jers to be held in place by an apertured 

board supported a short distance above the 

base-board by round standards. To these 

| fit a board which is split from the stand- 

ards outward, and provide it with two bolts 

with wing nuts, by which the board may 

be clamped at the desired height. Now 

/ take as many plates of carbon, about 1% 

inches wide, 4% inch thick, and six inches 

long, as you have tumblers, and saturate 
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one end of them with a little melted wa 
or paraffine to keep the salts from Cre e 
ing. When they are cool, fasten the 
paraffine ends to the opposite edges 0 
the movable board, interposing betwee 
the carbon plate and the edge of the boa 

was 
7 w 

FIGURE 35. 

a copper wire. 

which the carbons are clamped should be 
about one-half of an inch thick. Take as: 
m ) any zinc plates as you have carbon 
plates, taking care to have them the same 
size as the carbon plates, and amalgamate 

The wooden, Strips ee 
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hem. This can be done in the following 

manner: 

Take a little diluted sulphuric acid and 

| give your zinc plates a bath in it, then rub 

A little mercury into the pores of the zinc 

with a small tooth brush. Having done 

this the zincs are ready for use. 

Secure the zinc plates to the outside of 

the wooden strips by which the carbons 

are clamped. This can be done by ordi- 

nary one-half inch screws, passing them 

through holes in the zinc into the wood. 

Connect the copper wire of one carbon 

plate to the zinc of the next, and so on 

throughout the series. The terminal plates 

to be connected to two bindings posts, 

which can be made by soldering flat pieces 

of brass into the heads of round-head wood 

screws, and screwing them into the wood 

with the wire under the head. (See 

Fig. 35). 
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| ‘Fill the tumblers about two-thirds fun 

f bichromate solution. To make this 

olution proceed as follows: 

To three pints of cold water add five 

Auid ounces of sulphuric acid. When this 

‘pecomes cold add six ounces (or as much 

aS the solution will dissolve) of finely pul- 

| yerized bichromate of potash. Mix well. 

Always pull your plate out of your solu- 

tion when your battery is not in use, as the 

zinc is continually being eaten away when 

jt is in the solution. Each cell will give 

an electro-motive force of about two volts. 

Fig. 36 shows Plunge battery complete. 

This battery can be used for running a 

| small incandescent lamp or motor. A bat- 

tery of six cells will run a small five or six- 

volt incandescent lamp quite a little while 

“A much stronger battery can be made by 

using larger tumblers, or fruit jars and pro- 

portionately larger zincs and carbons. 



LATEST AND BEST ~ Electrical Books, Continued. 
TETLE 

PRICE 
Be 

| A Practical Hand-Book of Modern Pho- 4 

§ tography, for Amateurs. bea 

Bubier, 2d..+---+-eee Leen
 > Fee ary 50 

How to Make and Use a Telephone. Geo. 

For Amateurs and Students 2S SA Me Wy Od ey ie 1.00 

Transformers ; their Theory, Construction
 

and Application Simplified. Caryl D. 

TREVERT?” 
Pe ctaie., 1 va on + <baeigae eee tot a 

S WQR KS, What is Blectricity? Elihu Thomson..-.-. .25 

How to Build an Alternating Current Dy- 
TITLE 

Experimenta +3 PRICE 
yar 4 BleCEricity: is. can Se eee $1 ie ; namo or Motor. Cloth. A. E. Watson 50 

ybhody’s Hand-Book of Electricity -00 How to Build a 4-4-horse-power Motor 

PORES oicanctaename ive’ o oss -5Q or Dynamo. Cloth. A. BH. Watson... 50 

Es ee steeeeenes eens tees eeeeeteeeeens OR How to Build a I-2-horse-power Motor or 

Pitas ake Electric Batteries at Home = Dynamo, Cloth. A. EH. Watson...---- .50 

fe Sia and Electric Motors, all abo; se How to Make a 1-horse-power Motor or 

pee nates Reis shawe- ies d ons bd we plorste volts es 5 Dynamo. A. EB. Watson....--+s-+9s-05 
50 

\rmature and Field Mag a ee . How to Builda 50-Light Dynamo. A, E..° 

Electric Railway Sees ad Winding...
.. 1.59 \ Wh SGI, Gc cas oordarne seem serene eee he eit 50 

Electricity ard its Rec ais sete) < oS" 2.00 The Electric Railway. Fred H Whipple... 1.00 

ee | Recent Applications.... 9 The Electric Railway of To-Day. H. B. 

| actical Treatise on Efectro-Platine mee When CG ia cha s Sat Fo oo 2 Bd ne en en ee 50 

flow to Make and Use Inducetio leet 50 A Treatise on Electro-Magnetism by D. 

Wieet ab Me muideapes 
a Cons 2. 50; ty Contor,- Cy. Bio nmores ses may eee ete .5@ 

Tow ke Build S ior Amateurs:..,...: 1.00 Blectrician’s Handbook 
of Useful informa 

x cafvaae: Dynamo-Electric Mathiner 
| tion. A. BE. Watsomn..------+ssr-re Jy 

2.56 

lectricity for Students . ¥Y . 2.50 Teather. «<y sxc a a, pe or 3.06 

Practical Directi Site contre a A Popular Lecture on Lieht. Prof. Elihu 

ing and Purr Electric Gas Light 
Thomson.....--s:s002: Hite sn yerethe Fe 20 

rete ing for Amateurs..... 50 How to Make and Use the Storage Bat- 

Pai about X Rays for Everybod ; ~~ tery, P. B. Watwick..... oe: oe .. 1.50 

LS, PT EE Me ana: Sp ¥ ae How to Make and Runa Gas Engine. P. 

es 00 B War Wkasteass snes ress p tne? 75 

MISCELLANEOUS AUTHO Everybody’s Guide Book to Mining. D. 

Questio 
RS. EH, Conner; - Cloth: ...5- fee eres sete 1.00 

* Aited = Answers about Electricit 2 | ae 

ape o y E. T. Bubier, 2d....... . i | f 3 : . 

ad-Book .of ’Witine Tables. “a. cep are) 

fgnf-Book of Witing ‘Tables, A. all ubier Publishing 
A Practical Treatise on isaac es 

° 3 

ec Se Oe ae “ee 
LYNN, MASS. 

iti Motor Construction, for Amateurs | “> P. O. Box, 17 
Arithmetic of Men isi. ahd Bisdeee $1 | | eee F 

gnetism a sree DEO 

O nd Electricity, 
: Send Money by P.O. Order or Registered Letter 

oh John T, Morrow and Thorburn Reid.. 1.06 f  )—Ssaé our risk 



AN IMPORTANT WORK) 
A BOOK FOR EVERYBODY 

NOW READY 

EAPERIMENTAL ELECTRICITY 
By Edward Trevert, 

Author of ‘‘Everybody’s Hand Book of Electricity” and “How to Make Electric Batteries at Home,’? 

176 Pages. roo Illustrations. 
It will give practical information on the following subjects: oe: 

CHAP. 
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Howto Make Eectric Batteries. . How to Make a Gavanometer. 
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How to Make an Electric Motor. 
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Electric Gas Lighting and Bell Fitting. Practical Directions for Amateurs. 11. Some Information in Regard to Electric Lamps. 12. Glossary of Electrical Terms. 
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AND ITS 

Recent Applications. 
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