
High frequency apparatus, design, construction and practical application;
a practical treatise for electrical engineers, electricans, physicians,
students and experimenters. Covers the design and construction
of all kinds of high frequency apparatus for use in experimental,
medical and plant cultivation work. Includes also direction for the
construction of a complete stage outfit for both low and high potential
work. By Thomas Stanley Curtis.
Curtis, Thomas Stanley.
New York, Norman W. Henley publishing company, 1920.

http://hdl.handle.net/2027/osu.32435001692094

Public Domain in the United States,
Google-digitized
http://www.hathitrust.org/access_use#pd-us-google

We have determined this work to be in the public domain
in the United States of America. It may not be in the
public domain in other countries. Copies are provided
as a preservation service. Particularly outside of the
United States, persons receiving copies should make
appropriate efforts to determine the copyright status
of the work in their country and use the work accordingly.
It is possible that current copyright holders, heirs or
the estate of the authors of individual portions of the
work, such as illustrations or photographs, assert copyrights
over these portions. Depending on the nature of subsequent
use that is made, additional rights may need to be obtained
independently of anything we can address. The digital
images and OCR of this work were produced by Google,
Inc. (indicated by a watermark on each page in the
PageTurner). Google requests that the images and OCR
not be re-hosted, redistributed or used commercially.
The images are provided for educational, scholarly,
non-commercial purposes.



UM

“
"

4

M
u
m
? _

ii"
.

,.
"6y Iat.I"

"i5

t - w“w, .7 . ‘

.w . .... ...~._.~,.“z

I

ti?“

-0 9
'

\

"w
n
'u
p

v4 3\

.‘0

‘0
4‘

W
W
I-
1
1
0
3
'

*h
.‘



miq'im!“im'§)!lllilllflig%'w%“‘l!“unuuuw.mnuqmmmn

r

\l" 1'"
I

LIBYofthe
OHIO STATE
UNIVERSITY





IF - -- - —- -____-_--_---



' HHHIFREQUENCY
APPARATUS

DESIGN, CONSTRUCTION AND PRACTICAL
APPLICATION

A PRACTICAL TREATISE
FOR ELECTRICAL ENGINEERS, ELECTRICIANS,
PHYSICIANS, STUDENTS AND EXPERIMENTERS.
COVERS THE DESIGN AND CONSTRUCTION OF
ALL KINDS OF HIGH FREQUENCY APPARATUS
FOR USE IN EXPERIMENTAL, MEDICAL AND

PLANT CULTIVATION WORK.
Includes Also

Directions for the Construction of a Complete Stage Outfit for
Both Low and High Potential Work.

Q,
‘3

THOMAS STANLEY CURTIS
AUTHOR OF

“

“Ewpcrimenfal High Frequency Apparatus,” “Construction of In
ductum 00118 and Transformers,” “Model Submarine With Wire

lcsa Control," Etc.

SECOND EDITION, REVISED AND ENLARGED

)

NEVV YORK
NORMAN W. HENLEY PUBLISHING COMPANY

2 WEST 45TH STREET
1920



‘fi

' ‘\ ‘\ -' ,A _'7

(“2L 5* Z)

J
I n

u QJQQJ 1 h, “

.
‘\ ‘ l

T' l

i
iV
I

~ ‘

BY THE NORMAN w. HENLEY PUBLISHING co. 3; f

Copyrighted 1920

Copyrighted 1916 “'
BY THOMAS STANLEY CURTIS
All Rights Reserved

Ir 9 I
Q Q

' rF’r' I'rv'l . I('a ‘
cud h—_——-——_—_— *' r'r f

r ’ rr " " ¢7|G

"F
p-v '0' P 'i;
irx "" l 'y

L ( IV" ' tr: "J'n'. u fl"( f f! '7r i ,I‘

Printed in U. s. A.

l
.‘

>

..
I
‘1

\

{
P
a
-J
"
"*
0

‘I
'



PREFACE
This volume has been prepared in response to a general

demand created by a series of articles which appeared in
Electrician and Mechanic, Popiilar Electricity and Modern
Mechanics, and The World’s Advance. The articles covered
briefly the apparatus employed in an experimental study of
high frequency current phenomena over a period of several
years. ,

In this work, I have spared no effort to produce 'a treatise
of practical value. Theory has been ignored chiefly because
it would serve merely to cOnfuse the non-technical reader.
The designs offered are more than theoretical—they are the
result of actual construction and experiment. In many cases,
the entire oscillation transformer has been rebuilt and rewound
many times before satisfactory results were obtained.

The work has been divided into six basic parts. The first
two chapters tell the uninitiated reader what the high fre—
quency current is

,

what it is used for, and how it is produced.
The second section comprising four chapters describes in de
tail the principles of the transformer, condenser, spark gap,
and oscillation transformer, and covers the main points in the

design and construction of these devices as applied to the work
in hand. The third section covers the construction of small
high frequency outfits designed for experimental work in
the home laboratory or in the class room. The fourth sec
tion is devoted' to electro-therapeutic and X-Ray apparatus.
The fifth describes apparatus for the cultivation of plants and
vegetables. The sixth section is devoted to a comprehensive
discussion of apparatus of large size for use upon the stage
in spectacular productions.

'
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4 PREFACE

I wish to acknowledge my indebtedness to the following
concerns and individuals for assistance rendered in the prepar
ation of this volume: Victor Electric Company for illustra
tions of standard electro-therapeutic apparatus; Clapp-East
ham Company for illustrations and the list of parts and ma
terials; Mr. Melville Eastham for a practical working knowl
edge of magnetic leakage transformer design and construc
tion; and, last, but not by any means least, Prof. Wm. C.
Houghton, for many ideas and suggestions, and much un
selfish manual labor during the course of experiments which
made this treatise possible.

THOMAS STANLEY CURTIS.

PREFACE TO THE SECOND REVISED AND
ENLARGED EDITION.

During the absence of the author of this volume, Mr.
Thomas Stanley Curtis, the writer was called upon to prepare
the second revised edition. The first edition of the book was

made so complete and the development work done with high

frequency electricity since the first edition was prepared has

been so small that there was really little new matter to choose
from. However, a few thousand words of Mr. Curtis’ later
writings on the subject of high frequency, which appeared in
past issues of “Everyday Engineering Magazine,” were found
to be suitable and they have been included in the present edi

tion together with their accompanying illustrations.

RAYMOND FRANCIS YATES.
July, 1920.
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CHAPTER I.

THE ALTERNATING 'CURRENT AT LOW AND
HIGH FREQUENCIES.

While the manuscript for this book was being pre
pared, the author was approached by a caller who intro
duced himself as an enthusiastic experimenter and a reader
of all manner of practical books. This gentleman explained
that he was an armature winder by trade, and that he
wished to take up high tension work solely as a hobby. He
was possessed of but little knowledge of mathematics and
had been unable to understand the many books on trans—
former design and construction that he had purchased.
A few minutes’ conversation with this caller brought

to light some important points which since have prompted
a radical and wholesale change in the method of treat
ment. Half a dozen pointed questions suggested the in
troduction t0 the general subject that is offered in the next
few paragraphs.
What the Alternating Current is.—An alternating cur—

rent is one that periodically changes its direction of flow a
certain number of times per second. It is the reverse of the
direct current which is assumed to leave the battery or dy
namo at the positive pole and return by way of the negative
pole. With the alternating current, the terminals of the
machine are alternately positive and negative. This char
acteristic is well shown in the diagram, Fig. l, which may
be assumed to show the course taken by a current leaving

15



16 HIGH FREQUENCY APPARATUS

the terminals of an alternating current generator having
four field poles and having its armature or “rotor” driven
at 1800 R.P.M. This machine would be termed a 60-cycle
alternator because the current it delivers would make 60

complete cycles or 120 alternations in a space of one second.

With reference to Fig. 1, let us assume that A repre—
sents the current as it starts from one collector ring of the
machine. Following the direction indicated by the arrow,
we find the current rises in voltage until it reaches its peak
at B. The value then falls back to zero as the current re
turns to the other collector ring, C. At this point the arma

'
max/070m

6

’\
7a rem/w

a t C i i

6' / - "
28/21

\ Mf/a/

55%;, 07’J,0 sec.
Fig. 1.—Diagram showing how an alternating current periodically reverses its

direction of flow

ture or rotor of the machine passes to the next set of field
or stator poles and the current starts out over its circuit
again, but in the reverse direction. For convenience, this is
shown as below the zero line in the illustration. Leaving
C, the current rises to the maximum at D and then returns
to E.

The period of time taken in 'the passage from A to E
is just 1/60 second; in this space of time the current has
made a complete cycle of two alterations, one in a positive
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and the other in a negative direction. In one second of
time, it will have made 60 complete cycles; it i‘- therefore
.called a 60-cyc1e current.

Change of Frequency—Now let us assume that the al
ternator be supplied with eight field or stator poles instead
of four. As a reversal of current occurs when the rotor
windings pass from the influence of one pair of stator poles
to the next pair, it is obvious that to double the number of
stator poles is to double the frequency, if the speed at
which the armature is driven remains the same in each

case. On the other hand, precisely the same result is ob
tained if the number of poles remains fixed and the speed
of the rotor is doubled. Therefore, the matter sums itself

up into a simple formula which will be useful to the worker
if he will but understand it and not fear it as some intang—
ible form of “mathematics.” The formula is:

2X60
Frequency 2

R.P.M. X Number of Poles

Therefore, if we know the number of poles of a giVen
machine and the speed at which it is driven, we may multi
ply the number of revolutions per minute by the number
of poles and divide this product by 120 to find the fre

quency of that particular machine.

On the other hand, suppose we know the number of
poles and we are required to produce a certain frequency

from a given machine; we must determine the number

of revolutions at which the rotor must be driven. This
formula is:

2 X 60 X Frequency
R.P.M. I

Number of Poles
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To simplify the first formula into a form where it is
ready for use at a moment’s notice without any calculation.
we may say that the number of cycles per revolution will,

be equal to the number of poles divided by 2. To use this,
let us take the case of the four pole machine. Four di
vided by 2 is 2. Therefore, the machine will deliver two
cycles to every complete revolution of the rotor. If the
speed is 1800 revolutions per minute or 30 per second, the
frequency is 2 times 30 or 60 cycles per second.
Effects of Change of Frequency—For commercial use

such as lighting lamps and operating motors, the 60-cycle

, 9’,

_

a “"3 .SJ3%

Fig. 2.——A motor-generator for cl.angi.'lg direct current to alternating current

current is in general use in the United States. Certain
parts of the country still use 125 and 133—cycle currents
and in Canada the 25-cycle current is much in evidence.
A change in the frequency of the current necessitates

profound changes in the apparatus it is intended to oper
ate. It is not within the province of this work, however,
to touch upon the alterations necessary in motors in order

that they may be adapted for various frequencies. Sui
fice it to say that in the case of transformers, which are

closely identified with the apparatus described, any change
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in the frequency of the current necessitates a corresponding
change in the windings of the transformer.

Generally speaking, one of the higher frequencies is to
be preferred for transformer work, for the core may be
lighter and smaller, and the instrument is consequently
cheaper and easier to build. Therefore, if the worker in
tends to generate his own alternating current, he may well
employ an alternator producing a lZO-cycle current at
moderate speed. As a rule, however, some form of alter
nating current supply is available and, in such event, the
experimenter will, of course, find it cheaper and better to
so design his apparatus that it will operate in a satisfactory
manner on the circuit at hand.
In the various descriptions of transformers which fol

low in later chapters, the data for all standard frequencies
are given in order that the worker need not make computa
tions unless he so desires. In addition to this, one entire
chapter is devoted to a simple explanation of,the principles
of transformer design, and, from this explanation, the av
erage worker will be enabled to work out any special de
sign that may appear desirable.
In the case of direct current supply a motor—generator

of the type shown in Fig. 2 is sometimes used. This con—
sists of an alternating current generator driven by a direct
current motor. Both armatures are mounted on the same
shaft in the machine illustrated.
The High Frequency Current.—When an alternating

current is made to change its direction of flow many thou
sands of times per second, it is termed a “high frequency
current.” The precise figure at which this term is properly
applied is not very clearly defined but it is usually placed
at the mark of 10,000 cycles per second. From this, it
may extend into the hundreds of thousands or perhaps
millions of cycles per second. How this current, which os
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cillates with such inconceivable rapidity, is produced will
be duly explained in the next chapter, but first of all let
us consider the peculiar characteristics of which it partakes
and the uses to which it may be put.
Characteristics of the H. F. Current—For the serious

experimenter and student of modern electricity, there is
no more fascinating study than that of the electric current
at high potential and high frequency. The phenomena
which may be exhibited through its agency are at once
spectacular and startling, of inconceivable beauty and
grandeur, and, in practical applications, of the greatest
utility and importance. While the larger types of appara
tus demand that the utmost care and the finest materials
be used in the construction, the youthful experimenter may
satisfy his craving for immediate results by building tem
porary apparatus of the crudest construction imaginable
and still obtain effects bordering upon the marvelous.
When the electric current is made to oscillate or change

its direction of flow several thousand times per second, it
partakes of some astonishing characteristics. All of the
preconceived theories of electricity as applied to the com
mercial current are overthrown and the phenomena ex
hibited are contradictory in the extreme to the conventional
ideas of the everyday electrical worker. For example, if an
alternating current of the commercial sort having a fre
quency of 60 or 125 cycles per second, be passed through
the human body, a muscular contractive effect is produced
and the sensation of an electric “shock” is felt. If the volt
age of the applied current should be higher than the hun
dred mark, the shock is unpleasant and perhaps dangerous;
let it reach 1,000 volts or perhaps evenihalf that amount,
and the shock is in most cases fatal. On the otherhand,
if the current be made to oscillate or change its direction
of flow with a frequency of 10,000 or more cycles per sec—
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end, it may be applied to the body without danger or even
discomfort at potentials running well into the tens of thou
sands. Let the frequency be increased still further, say
into the millions, and the sensation of shock and muscular
contraction is quite absent. Its place is taken by one of
gentle warmth.
Spectacular Demonstrations—The importance of this

one peculiarity alone will be appreciated by those who
have seen the self-styled electrical marvels upon the stage.
Their claims to the effect that they are “taking thousands
of volts through their bodies” are perhaps well founded
for the presence of a spark several inches long is pretty
good evidence of a very high potential. It is usually con
ceded that every inch of spark between points through
the air represents a potential of between fifteen and twenty
five thousand volts. The secret of the performer’s apparent
power rests solely with the high frequency current.
Perhaps the reader has seen one of these entertainers

charge the body of an assistant to the point where a spark
several inches in length may be drawn from the fingers,
chin, elbow, or even the tongue. A tuft of cotton or tissue
paper held in the spark is immediately ignited, or perhaps
the performer may light the tip of his cigarette with the
spark taken between his finger and the body of the assistant.
Possibly the performer may grasp the terminal of his ma
chine with one hand while the other holds a wire leading
to an ordinary incandescent lamp; the assistant touches the
remaining terminal of the lamp and the current is turned
on. The lamp filament becomes red and perhaps white
hot, finally burning out completely with the current passed
through the bodies of the performer and his man.
The stage may be darkened and the terminal of the

apparatus connected with the body; as the current is turned
on, the extremities of the body are seen to glow With a
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weird blue light. As the hand is raised above the head,
streamers of purplish fire dart from the finger tips. A
vacuum tube brought to within a distance of several feet
from the body lights up with its characteristic glow even
though there is no connection with the performer’s body
or the apparatus.
All of these experiments and hundreds of others may

be performed with comparatively simple and inexpensive
apparatus that is well within the reach of the average ama
teur mechanic. If the reader aspires to greater heights, he
may build apparatus with which great, long sparks may be
produced.

The High Frequency Current in Medicine—The high
frequency current, when applied to the human body through
suitable electrodes and other appurtenances, can be made
to produce the most profound physiological effects. Ap
plied through a glass electrode from which the air has been
exhausted, the current stimulates the circulation of the
blood, bringing it to the surface and increasing nutrition.
Persistent application of the vacuum electrode to the scalp
at certain intervals will restore the original color to grey
hair. On the scalp of a partially bald patient, repeated
applications will promote the growth of new hair if the
roots have not been totally destroyed.
Placing the patient in a chair having a metallic plate

beneath its seat and behind the back, the physician may ad
minister the high frequency current in the form of treat—
ment known as auto condensation and thereby reduce the
blood pressure in cases of arteriosclerosis. The same treat
ment is being successfully used in the reduction of super
fluous flesh.
The general effect on the patient is a tonic one and in

practically eVery case reported, the patient has been

brightened up, given added vigor and cheerfulness, and, in
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fact, has exhibited all of the favorable effects of a powerful
tonic without sustaining any of the unfavorable after ef
fects of a stimulant.
While on the subject of the medical application of the

high frequency current, it may be well to point out the
fact that while no ill effects are likely to be experienced
from the treatmentin the hands of an unskilled operator,
continued applications intended to produce a medicinal ef
fect upon the body should certainly not be given by the

layman without first having had the advice of a physician.
The two primary modes of treatment, i. e., the vacuum elec
trode and the auto condensation, produce diametrically op
posite effects. The electrode treatment tends to increase
the blood pressure while the auto condensation tends to
reduce it. It is obvious, therefore, that the auto condensa
tion should never be applied except in cases where normal
or hyper tension is indicated. After the examination has
been made and the treatment prescribed, there is no reason

why the actual administration should not be given by the

layman if the physician keeps a watchful eye on the prog
ress at suitable intervals between treatments.
The Generation of Ozone and the X—Ray.——For the

physician or the experimenter, there is perhaps no form of

X-Ray apparatus better adapted to light office or labora
tory use than the high frequency coil. It is safe, convenient
and powerful and for all cases where very short exposures
through the heavier portions of the body are unnecessary,
it will meet the requirements admirably. True, the X-Ray
is never quite safe in the hands of anyone other than a
skilled operator having years of experience on his shoulders.

The ray generated by a tube excited with a high frequency
current is, however, less liable to produce the characteris

tic burn than is that produced by any other means. Just
why this is so, is not definitely known, but the experience
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of the past few years indicates beyond a doubt the truth
of the statement.
A high frequency coil to produce an eight-inch spark

of a quality adapted to light X-Ray work can be built in
the home workshop at only a fraction of the cost of an
induction coil to do the same work. Furthermore, the
high frequency apparatus is simple in construction and op
eration and it can be depended upon to do its work without
the annoying delays incident to the usual induction coil
with its troublesome interrupter and the ever-present dan
ger of a serious breakdown of the insulation.
As a generator of ozone for medicinal purposes, the

high frequency coil is particularly energetic and efiicient.
When the discharge terminals of the coil are separated be—
yond the normal sparking distance, great volumes of ozone
are liberated in the space filled with a crackling brush dis
charge. When the vacuum tube electrode is passed over
the body, the ozone is liberated at the point of contact. For
purposes of inhalation, a simple apparatus consisting of a
vacuum electrode surrounded by an outer wall of glass
with an air space between can be made to produce the gas
in ample quantities and with the additional advantage that
it may be collected and administered to the patient through
a suitable rubber tube and mouthpiece. Furthermore, this
simple appliance permits one to pass the gas through a
small quantity of oil of eucalyptus which tends to remove
the nitrous oxide that invariably accompanies ozone gen
erated by the electric spark.
Electrical Cultivation of Vegetation.—The high fre

quency current, when sent through a network of wires
above a plot of ground, has the peculiar property of stimu
lating the plant life in the earth beneath the wires. Just
why this should be so is not definitely known; while vari
ous theories have been advanced, it is Possible that one and
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all may be faulty and it is not within the province of this
book to offer theories. The apparatus required for the cul
tivation of plants on a small scale is neither elaborate nor
costly although it must be made rather rugged in electrical
construction to withstand the strain of almost continuous
operation for hours at a time.
In a later chapter the data for the apparatus required

for the cultivation of a one acre plot in the open is given;
in addition to this, notes on the conduct of experiments with
potted plants indoors are given as are also a few sugges
tions for hot-house work with both vegetables and flowers.
The electrical cultivation of plants is entirely practical

if a source of cheap electric power is available. On the
small farm where water power or even gasoline engine
power is developed, the electric current may be generated
at very low cost in quantities sufficient for practical work.
The experiments have their commercial side as well as

their purely experimental. Crops may be forced to an
early maturity with a marked increase in the flavor and
tenderness. Lettuce is particularly susceptible to the in
fluence of the current, while radishes and beets follow
closely. For fancy fruits and vegetables the process is
productive of results which add materially to the profits
ordinarily to be made.
Radio Telegraphy and Telephony.—Beyond a doubt,

the most popular and the best known application of the os
cillatory current is in the field of radio telegraphy and tele
phony. Every village seems to have one or more amateur
wireless telegraphs.
The oscillatory current, when vibrating within a certain

range of periodicities, sets up electromagnetic waves in the
ether if it be sent into an aerial or overhead wire which
is insulated from the earth. These waves, which resemble

light waves in point of speed but which are quite invisible,
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are radiated in all directions at a pressure of the radio tele

graph key.
The apparatus described in this book is admirably

adapted for purposes of radio telegraphy and some of the
transformers, condensers and spark gaps represent the best
and most modern practice in the construction of radio trans_
mitters.



CHAPTER II.

HOW THE HIGH FREQUENCY CURRENT IS

PRODUCED.

There are but three practical methods by means of
which the high frequency current may be generated. In
one of these methods, an alternating current generator
having a very large number of stator pole pieces is em
ployed; this is essential in order that the speed at which the
rotor must be driven may be kept within reasonable limits.
Even so, the speeds of most of the experimental machines
built thus far have been as great as 10,000 R.P.M. and
the reader’s practical knowledge will doubtless tell him
that a heavy, composite mass of metal, driven at this speed,
introduces complications that are very likely to result dis—
astrously should anything go wrong. The maximum fre
quency obtainable by this method is about 100,000 cycles
per second and this frequency, with a useful output of cur
rent,‘is to be obtained only through the use of a very costly
and dangerous machine. The high frequency alternator
method, while it undoubtedly possesses some positively
unique advantages in radio telegraphy and telephony, is
scarcely a piece of apparatus that comes Within the scope
of this book.
The second method is by means of the direct current

arc. When an ordinary arc is shunted by a suitable ca
pacity and inductance, oscillations are set up in the circuit.
A secondary added to the primary inductance or helix will

27
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haVe induced in it a high frequency current similar to that

oscillating in the primary circuit. By means of a suitable
adjustment of the ratio existing between the turns in the
two coils, the potential delivered at the secondary terminals
may be increased practically at will.
The most familiar use of .the are as a high frequency

current generator is in the field of radio telephony. The
purity of the wave generated by the arc renders it particu
larly well adapted to this use. For purposes of demon
stration, however, the arc generator is not capable of de
livering a sufficiently large output. With all due respect to
the method in the work for which it is best adapted, we
shall therefore recommend that the experimenter discard

it
,

using in its stead, the condenser discharge form of gen
erator, a detailed description of which follows.
Condenser Discharge Generator.—It is assumed that

the average reader of this book will be familiar with the
elementary principles of wireless apparatus. Granting this,

it is, of course, reasonable to believe that such readers will
understand how an oscillatory current is set up in a circuit
comprising an inductance 0r coil of wire, a capacity or
condenser, and a spark gap. The condenser is charged with

a high tension current from any convenient source such
as a transformer or induction coil, and when the potential
stored up in the condenser reaches a critical value, the air
in the gap between the spark gap electrodes can no longer
stand the strain, and the condenser discharges across the
gap in a succession of crashing sparks. As the current
from the condenser crosses the gap in one direction, it lit
erally over-reaches itself just as a pendulum swings past the
neutral point when given a push with the hand. When the
first rush of current passes in one direction, a reversal of
the cycle occurs and a second rush in the opposite direc
tion is effected. This operation is repeated many thou
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sands of times per second, the discharge gradually dying
down until the potential across the condenser has been low
ered to such an extent that the spark can no longer jump
the ‘air gap. The Condenser immediately takes a fresh
charge from the transformer and the entire cycle of opera
tions is repeated. It will be understood that all of this
passes in an infinitesimal fraction of a second, the charge
and discharge of the condenser taking place so rapidly that
the observer can detect no change in the solid spark which
appears continuously to fill the gap.
As the current surges back and forth through the in

ductance, which is merely a coil of a few turns of very heavy
wire, a similar current is induced in, a second coil of wire
placed in the same plane as the first. A slight increase
in the number of turns in the secondary over those in the
primary will result in a very large increase of potential
between the secondary terminals.
Unlike the low frequency or commercial transformer

the high frequency or oscillation transformer requires no
iron core whatever; indeed, the presence of iron in the cen
ter of the windings is not to be considered as it would be
detrimental to the successful operation of the transformer.
From this the reader will "note that in order to produce

a high frequency current of practically any desired potential
it is only necessary to combine two coils of insulated wire
of the proper proportions and number of turns with a con
ventional transformer, condenser and spark gap.
The Kicking Coil Method—The operation of a high

tension transformer for the charging of a condenser neces—
sitates an alternating current. There are certain cases
wherein it is desirable to produce a high frequency current
where direct current only is available. This is particularly
true in the case of electro-medical apparatus which must
frequently be used at the patient’s bedside. For this type
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of apparatus, a simple modification of the condenser dis

charge principle is available. This method utilizes what
is known as a “kicking coil.”
A kicking coil is a solenoid of coarse copper wire wound

upon a laminated iron core. If a direct current be sent
through this winding, and the circuit broken suddenly, a

pronounced flash will occur at the break of contact. The
high potential represented by this flash is induced by the
self-induction of the coil wound on the iron core. Under
favorable circumstances the instantaneous voltage gener
ated may reach from several hundred to considerably over
a thousand volts. This potential is, of course, quite suffi
cient to charge a condenser, and it is only necessary to pro
vide some suitable means for rapidly making and breaking
the circuit with condenser and inductance in series in order
to generate a high frequency current quite similar to that
produced with the apparatus described in the preceding
section.

Experiment has shown that a substantial vibrating in

terrupter with heavy silver contacts serves the purpose ad
mirably. The vibrator is actuated by means of the magne
tism in the core of the kicking coil.



CHAPTER III.

THE HIGH POTENTIAL TRANSFORMER OR

INDUCTION COIL.

As the reader will have inferred from the preceding
chapter, the condenser discharge principle is employed in
the construction of all of the apparatus described in this
work. While the use to which each particular outfit is to
be put governs, in a large measure, the actual construction
and design of the component parts of the apparatus, the
basic principle is quite the same in each case. Granting
this, each outfit 'will comprise the following units:
The Transformer or Induction Coil which converts the

low voltage current available from the lighting circuit, or
perhaps a battery, into a high voltage current suitable for

charging.

The Condenser, which is composed of alternate sheets
of metal and glass or other material having a high dielectric
value. The condenser discharges its load of electric cur
rent at high pressure across
The Spark Gap, which is composed, essentially, of

metallic electrodes, having accurately turned faces held in
the same plane by means of suitable supports. In series
with the spark gap and condenser is the primary of
The Oscillation Transformer, which comprises two

coils or helices of copper wire. One of these coils, the
primary, is composed of a few turns of thick wire, while
the secondary may have from ten to one hundred times as.
many turns of fine wire.

31
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A few general suggestions relative to each of these
units and their relations one to the other will, it is believed,
be conducive to a clearer understanding of-the detailed
directions which follow in later chapters. No attempt will
be made, in the present chapter, to offer details of con

struction such as dimensions of the parts, as this feature

is covered specifically in the directions given in succeeding
chapters, each of which is devoted to a complete description
of a certain type of outfit. The object of the general
information in this and the following chapter is to afford
the reader, who has delved but slightly into the intricacies

Fig. 3.—Simplc open core transformer. Core is represented by C, primary by P,
and secondary by S.

of high tension electrical work, an intelligent insight into
the basic principles of design and construction of the sev
eral units which comprise the outfit.
Transformers—The transformer is essentially an al

ternating current device. In its simplest form, it consists
of a core, C, Fig. 3, of laminated iron, a primary winding
of insulated copper wire, P, and over this a secondary wind
ing, 5, also of insulated copper wire. An alternating cur
rent sent through one winding induces a similar current in
the second winding. A variation in the ratio existing be
tween the turns of the two coils, produces a corresponding
change in the induced voltage.
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Such 'a transformer is known as an “open core” instru

ment because the magnetic lines of force set up in the

straight iron core must reach around through the air as

shown in Fig. 3 to complete the magnetic circuit. A modi
fication is shown in Fig. 4 which illustrates a method by
means of which the windings of the transformer are par
tially surrounded by iron. This provides a ready path for
the lines of force with a large increase in the efficiency of
the instrument. Such a transformer is said to have a closed

core.

Fig. 4.—-Showing principle of plosed_core transformer. Lines of force pass
through the closed magnetic circuit instead of through the air as in Fig. 3

There are many modifications of the closed core trans
former, all of which have merits peculiar to the uses to
which they are put. For lighting and power work, it is
desirable to have the primary and secondary windings. as
closely “coupled” as possible and to this end most power
transformers have very compact cores which almost cover
the windings. The effect of this close coupling is to im
prove the “regulation” of the transformer, i.e., to reduce
the fluctuation in voltage from no load to full load to a

minimum. This type is shown in Fig. 4.
Transformers for Condenser Charging—In the early

days of radio telegraphy, when transformers were first used
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for the charging of condensers, the experimenter knew but
little of the requirements of the process. The only high ten—
sion transformers available were of the power variety with
closely coupled primary and secondary, and the first trials
of these gave such promising results that the workers were
induced to carry on an extensive line of research with a
view to improving the apparatus.
One great difficulty was experienced from the start.

A glance at Fig. 5 shows that the secondary terminals of
the transformer are shunted by the spark gap, which in
turn is shunted by the condenser and primary of the oscil

ie is
Fig. 5.—Typical oscillatory circuit showing how _high frequenc current is

generated by means of the condenser discharge metho

I"
l

lation transformer in series. When the condenser dis

charges across the spark gap, the discharge produces a
short circuit for the secondary current in the transformer
after the spark has died away. This causes an arc to form
with the result that the condenser cannot charge again as

it should. The close coupling of the windings tends to
hold the secondary voltage at its maximum when the short
circuit occurs.
Various experiments were tried to prevent the forma

tion of the arc, and among these may be mentioned a mag

netic blow out, which aided in quenching the arc; a blast
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of compressed air between the spark gap electrodes, which

literally blew out the are as soon as it formed; and various
devices which mechanically separated the electrodes to a

point where the arc was extinguished. The most familiar
form of the latter device is the common rotary spark gap.
As the work progressed, the experimenters discovered

that by placing an impedance coil, consisting of a single
winding of copper wire on an iron core, in series with the
primary of the transformer, the arcing was materially les—

/L.EAKA6L

Fig. 6—Typical closed core transformer arranged for power and lighting circuits.
Close coupling of primary and secondary prevents excessive

drop in secondary voltage when load is applied

sened and the various blow-out devices were rendered un
necessary to a certain extent. This procedure is illustrated
in Fig. 5, which shows the impedance coil in series with
the primary of the transformer, the windings of which are
closely coupled. This was the first step in the direction of
the celebrated “Type E” wireless transformer which was
patented by Mr. Melville Eastham and which has been
copied in various forms by dozens of manufacturers since
its introduction.
The design of the “Type E” transformer introduces the
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very quality that the makers of power transformers seek
to avoid, namely, magnetic leakage in the core. When
the secondary of such a transformer is short circuited by
the spark, the potential instantly drops to so low a value
that the arc dies out of its own accord; indeed, it is doubtful
if any appreciable arc forins at all.
The principles of the magnetic leakage transformer are

shown in Figs. 8, 9 and 10. In Fig. 6, the primary and sec
ondary are seen to be mounted upon separate legs of the
rectangular iron core. This loosens the coupling to such an

LINE _\\

.g’ \\1"
INDEDANCE. ‘H, \
con. _ ‘

Fig. 7.—Transformer with closely' coupled primary and secondary and the
impedance coil in series with primary to prevent arcing at spark gap

extent that magnetic leakage is set up in the space be
tween the windings and around the outside of the core as
shown by the lines in the drawing. This leakage diverts
a portion of the total flux from its path through the cores
inside the windings, and when the abnormal load comes
on the secondary, the potential suffers a tremendous drop
as the regulation is intentionally poor.
In Fig. 9, the primary and secondary are still farther

separated by being placed upon the short legs of the core
instead of the long ones as shown in the preceding figure.
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This is carrying the point still farther. In Fig. 10, we have
the true Type E instrument in which a tongue of iron pro
jects from one leg of the core between the windings, and
nearly makes contact with the opposite leg. ' This intro—
duces a partial magnetic shunt that serves every purpose
of the external impedance coil and which has some marked
advantages over the latter device.
With a correctly proportioned magnetic leakage trans

former, brought to resonance by a suitable condenser con—
nected in the oscillation circuit, the arcing at the gap is

Fig. 8.—Transformer with primary on one leg and secondary on_other leg of
core to introduce greater magnetic leakage. The first step in the

development of the resonance type of transformer

reduced to a minimum and the discharge partakes of a

clear ringing tone not to be heard in other types of
equipment.
In addition to this marked advantage, the magnetic

leakage transformer can be made to attain a degree of

efficiency and a power factor not possible in the ordinary
combination With its impedance coil.

Secondary Potentials—The proper potential for the
secondary in the case of the resonance transformer (the
term that will henceforth be applied to the low-frequency
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alternating current transformer designed for condenser
charging) will depend upon the condenser with which it
is to be used and also upon the type of spark gap employed.
Since the introduction of the Federal radio telegraphic
laws which govern the wave length of amateur stations,

the tendency has been in the direction of higher potentials
for wireless telegraphic work. The higher potential per
mits a smaller condenser to be used. For other high fre
quency work, however, there is no particular advantage to
be derived from the high voltage secondary and its use in
volves certain electrical and mechanical difficulties that are
expensive and annoying to surmount.

Fig. 9.—Primary and secondary on short legs of core and widely se arated to
increase magnetic leakage. This construction renders externa

impedance c011 unnecessary

The most satisfactory potentials, in the authors experi
ence, haVe been from 4,000 up to 12,000 in transformers

ranging in size from % k.w. to 3 k.w. This range of po
tential, with a .03 mfd. condenser has been found quite suit

able in the construction of many sets of apparatus.

With the quenched type of spark gap, a totally differ
ent condition is met. Secondary potentials as low as 900

to 1,000 volts are excellent in the case of small transformers

of capacities ranging from M; to y. k.w. For the larger
sizes, the potentials may run up from 2,000 to 3,000 volts.

The quenched gap, which will be specifically described
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later, is exceedingly short and a much lower potential is,

accordingly, in order. \

Transformer Construction—In each chapter of this
book, wherein a set of apparatus is described, the complete
specifications for the construction of the transformer are

given. The object of this discussion will, therefore, be to
cover only briefly the essential principles of the construction.
The transformer core in each case should be of thin

sheets of silicon steel, .014 in. thick, and made expressly for
use in transformers and other alternating current appara
tus. It is practically as cheap as the so-called transformer

Fig. lO.—Type E transformer with tongue of iron to increase magnetic leakage
between wrndings

iron and, if results count, it is much cheaper than stove-pipe
iron.

The construction of the core is simple. The silicon
steel can be bought in sheets or, preferably, in pieces cut

to size and ready to assemble. The rectangular pieces are
placed one upon the other to make piles of the required
thickness for the assembled core and then firmly gripped
with a binding of tape.
The windings are made on simple wooden forms, either

in a lathe or else on a hand winding device. The winding
is invariably that known as the layer method. The “pie”
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winding, described in so many of the older books on radio
construction, has been tried out thoroughly by the author
and by many of his colleagues; the result is a wholesale
denunciation of it, bag and baggage, as it were. True, a
modification of the pie winding is seen in many of the de
signs presented in this book but the pertinent‘fact is that
the directions do not call for an annulus of wire. held to

gether by wax, and with the turns laid on any-which-way.
The sections may be thick or thin, but however they may
be, they should be wound in even layers with a layer of in
sulating paper between layers of wire. This rule is in
variably followed throughout in the description of the

windings.
Enameled wire is favored in all secondary transformer

windings. In the case of the induction coils, to be described,
the wire may be cotton covered, as these windings are sub

jected to wax impregnation. The induction coil secondary
is called upon to stand enormous potentials and it is sub—

jected to but little heat. The transformer secondary, on
the other hand, may become quite warm in operation and
it should therefore be constructed to withstand this rise

in temperature without deterioration. In this case, the
enameled wire is excellent for it is impervious to moderate

degrees of heat.
Transformer Design.—The questions: “How many

turns of wire do I use in the primary?” and “Vi/hat size
should the core be?” are familiar ones in the files of the
author. The computation is simple and it does not involve
any great knowledge of mathematics for its working-out'.
There are just a few basic principles to bear in mind

before starting the calculation. The first determination
is, of course, the capacity of the finished instrument. As
the y; k.w. size is a popular one, this size has been selected
for the example. As the transformer is to be used for
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charging condensers, a large magnetic leakage is desired
and this governs the shape of the core and the method of

placing the windings. High efficiency is obtained only at
correspondingly high cost and great weight of materials.
In the present discussion of transformer design, the vari
ous computations have been reduced to the very simplest
form possible in order that the scheme may be within the
reach of any amateur worker who knows how to use simple
arithmetic. The subject of copper losses has been neglected
solely because it introduces one more calculation that has
no practical bearing upon the net results obtained. _

Let us assume, arbitrarily, that we wish a transformer
of an efficiency approximating 93 per cent. Incidently, the
transformer designed in this chapter is the one employed
in the later chapter on experimental high frequency ap
paratus. \Ne wish a secondary potential of 5,000 volts; a
primary wound for llO-volt supply; and we wish to operate
the instrument on a 60—cyc1e circuit. If we wish an output
of V; k.w. or 500 watts, and the efficiency is to be 93 per
cent., it is obvious that we must have a greater input than
500 watts in order to compensate for the 7 per cent. loss.
The input is calculated by dividing the output by the

per cent. efficiency; thus:
500

_ I 537.6344+
.93

or we must have an input of 537.6344 watts in order to
take out 500 watts.
Core Volume.—-The volume of the core receives our at

tention 'next. The initial step is to determine the watts
loss in total and by subtracting 500 from 537.6344, or out
put from input, we find that the loss in the transformer is
37.6344 watts. This loss is made up of the PR losses which
are due to the heating effects in the copper of the windings,
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and the hysteresis and eddy current losses in the core;
the latter are known as the core losses. The core losses
constitute about 47 per cent. of the total of 37.6344 watts,

0r 17.688 watts. Approximately 20 per cent. of the total
core loss will be the eddy current loss and the balance of 80
per cent. must, therefore, constitute the hysteresis loss. To
determine the latter loss in our core, we taken 80 per cent.
of the core loss of 17.688 which gives us 14.1504 for the
watts lost through hysteresis.
Various Frequencies—For practical purposes of the

worker who builds the apparatus described in this book, the

change in design necessary to adapt the various trans
formers for use on the various frequencies in commercial
use, may be simplified so that when the design has been
worked out for the 60 cycle instrument, the windings for
25 or 125 cycles become a simple matter of proportion. The
cores may remain the same for all frequencies. Taking 60
cycles as the standard, the winding for 125 cycles may have
just one—half the number of turns. The 25 cycle winding
will have twice as many turns as the 60 cycle. In order to
provide space for the additional turns of the 25 cycle wind
ing, a wire. one or two sizes smaller may have to be used
but this is permissible in view of the intermittent work of
the instrument.
Proportions of ~Core.—The proportions of the core call

for some plain common sense and rule—of-thumb calcula
tion. One thing to bear in mind is that the core must not
be made too long and slim as the reluctance is then too

great and the primary and, consequently, the secondary
will have an inordinate number of turns with relatively
high copper cost. On the other hand, to make the core
too short and thick renders the winding difficult of insula
tion and the coupling too close. Experience only can dem
onstrate the happy medium at first trial. The diagram
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given in Chapter IX shows a core of good proportions for
this type of transformer and it may well be used as a pat
tern for instruments of larger or smaller size.
Let us take the cross-section of the core at 2 inches

square for a trial. We must have at least 94.33 cu. in. of
iron in all. If we make the rectangle of the core 9% in.
long and 6% in. wide, outside dimensions, we shall have

9%+9%+2%+2% or 25 inches of core leg. The
section is 2 times 2 or 4 square inches. The length, 25,
multiplied by the section, 4, gives us 100 cubic inches for
the volume of this core. As it is always well to err on the
right side, this core may be taken as quite satisfactory.
The computations for the windings which follow will show
that its proportions are just right. To determine the weight
of the core we multiply its volume, 100 cu. in. by .25, as
each cubic inch of laminated silicon steel weighs approxi

mately % lb. This gives us 25 pounds as the weight of
the iron in the core.
We may next figure the current in the secondary wind

ing at full load. As the potential is to be 5,000 volts, and
the output 500 watts, we may divide secondary watts by
secondary volts to find secondary amperes, which in this
case will, of course, be .1 ampere. In power transformer
work it is customary to allOW at least 1000 circular mils
of area in the conductor for each ampere of current to be
carried. For our purposes, however, the transformer is to
be used but a short time when it is permitted to cool and
in practice_a density of 600 circular mils per ampere has
been found quite satisfactory and safe.
As the secondary current is .1 ampere, we find that our

secondary conductor must have a area of 600 times .1 or
60 circular mils in order that it may safely carry the cur
rent. In the back of the book, we find tables giving the
area of copper wires in circular mils N0. 32 is found to
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have an area of 63.21 and this wire is accordingly quite
suitable.
The primary current is next in order. At a unity power

factor, the primary watts divided by primary volts gives
primary amperes. This we find to be 537.63 + 110, or 4.88
amperes. As the power factor of this type of transformer
may be assumed to be in the vicinity of 85 per cent., We
shall have to compensate for this by using a somewhat
larger current value in the primary. Taking the apparent
amperes as 4.88, we may multiply by 1.15 (assuming a
power factor of 85 per cent.) and we get 5.61, or 5.61 actual
amperes in the primary winding. Allowing here, also, 600
circular mils, we find that the primary conductor must
have an area of 600 times 5.61 or 3366 circular mils. The
wire table tells us that No. 15 has an area of 3,257 while
No. 14 has an area of 4,107 circular mils. Following the
rule of plenty, we may adopt the latter as the correct con
ductor to use for the primary.

'

\Ve now come to the point that has puzzled more ama
teur experimenters than almost any other, i. e., the calcula
tion of primary turns. Of course, once this number is
known, the determination of the secondary turns is a simple
matter. The formula for the primary is not complex, and
its working requires only the application of ordinary arith—
metic.

The maximum flux is equal to the density multiplied
by the area of the core in square inches. The e.m.f. gen
erated in the primary winding is:

4.44 N Tp n
E? I—— where

108

N—maximum flux.

Tp—primary turns.
11—frequency.
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Ep—impressed primary voltage, therefore
Primary voltage X 108

T17:
4.44 X N X n

Working this formula, we first determine the maximum
flux. As the section of the core is 2 inches, We square this
to get the area, or 4 inches. Multiplying the area by the
density per square inch, we find that 4 times 30,000 will
give us 120,000 for the maximum flux, N. The primary
voltage is assumed to be 110 and the equation therefore

becomes:

110 X 100,000,000 I 363 -|— turns in the primary.
4.44 X 120,000 X 60
As the turns in the secondary are found by the follow

ing formula, this calculation becomes simple:
Es

T17 X -— where

EP
Es represents secondary voltage, and Ep the primary

voltage. , ,

The secondary turns, assuming a secondary potential
of 5,000, are as follows:

5,000

363 X -———-— = 16,480 turns in secondary.
110

The space on the core for the primary and secondary
winding is 294 in. long. Reference to the table of cotton
covered wire shows that No. 14 D.C.C. wire winds about
13 turns per inch. As some space is quite essential between
winding and core, let us make the primary winding 2%
in. wide which will leave a space of M1 in. on either side. In
2%, in. we can Wind 30 turns of the primary wire and, ac—

cordingly, we shall require 12 layers in order that the re
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quired 360-odd turns may be placed. \Vound with a few
thicknesses of oiled paper between layers of wire, the thick
ness of the primary winding from inside to outside of the
coil or solenoid will be rather more than one inch.
If the transformer is to be operated on 70 volts, as

from a rotary converter, the primary will contain 70/110
as many turns of wire. \Vorking this we find that the
proper number is 231 turns. For convenience, the primary
may be made with the full quota of'turns for 110 volts, with
a tap at the 231st turn for the 70-volt connection. Like
wise, for' 220 volts, the number of turns would have to be
doubled and in this case the wire would need to have but
half the area. This would be No. 17 Wire which has an
area of 2,048 circular mils. For a maximum of conveni
ence and adaptability with a minimum of complication, the
winding may be of 363 turns of No. 14 wire, tapped at 231
turns, and then upon the No. 14 wire will be placed an
additional winding of 363 turns of No. *— wire with its
starting end joined to the finishing end of the first winding.
This primary permits the transformer to be used on 70,
110. and 220 volts without any change other than a simple
connection. .

The secondary turns we know to be 16,480. No. 32

enameled wire is suitable for this winding and this wire

winds 112 turns per inch. Suppose we make each layer of

secondary wire contain 230 turns; this will bring the width

just over 2 inches which allows a good space for insulation

from the core. Seventy-two layers of wire Will give us

16,560 turns which is near enough to the stipulated 16,480.

Perhaps for the sake of having finishing and starting turns

come on opposite sides of the winding, it may be well to

wind but 71 layers which will give 16,230 turns. This pro

cedure is allowable and, indeed, preferable, as the difference
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of a hundred-odd turns in the secondary will have no ap
preciable effect upon results. »

The calculations for the weight of primary and second

ary wire are obvious. If the coils are wound upon round
forms, as they may well be, the average length of turn is

easily determined and multiplied by the total number of
turns. This reduced from inches to feet gives, on compari
son with the wire tables, the weight of the wire in pounds.
Induction Coils—In places where the llO—volt lighting

current is not available, a battery of generous proportions

may be made to produce a high frequency current through
the medium of an induction coil in place of the alternating
current transformer. The coil for this work should be con
structed expressly for the purpose of charging condensers
and its design is radically different from that of the con
ventional coil built to produce a long and stringy spark.
While almost any coil will give some results, the

greater effects will be shown with a coil having a compara~
tively short and thick core and a secondary winding of
rather coarse wire, as secondaries go. The secondary
should be bunched near the center of the core rather than
spread out over the entire length. The primary should be
wound, preferably, with two small wires in parallel rather
than with one large wire. This method permits of a closer
winding and the inside diameter of the secondary may, ac
cordingly, be made smaller.
The secondary coils should be layer wound and not pie

wound. In a large coil, from four to eight sections of layer
wound coils will give ample insulation as the potential is
not nearly so high in this type of coil as is the case with
the type built for X-Ray work. The individual sections
may be impregnated with a mixture of equal parts of rosin
and beeswax.
Induction Coil Design—The design of the coil for con
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denser charging may be summed up in a few words. We
cannot calculate the different parts so nicely as we did for
the transformer and our design must of necessity be a prod
uct of the “rule-of—thumb” school; that is, for the practical
purposes outlined in this book. The core should take a cer
tain fixed proportion and this may be stated as follows:
The length of the core to be not greater than eight times
its diameter; that is, a core eight inches long would be one
inch in diameter, and so on in proportion. The number of
turns in primary and secondary are dependent upon the

voltage at which the coil is to be operated, the speed of the .

interrupter, etc., and, as the specifications given in this
book are culled from practical experience, it is useless to
attempt an explanation of the process through which this
data was obtained.
Kicking Coils—The kicking coil is a simple solenoid

of comparatively coarse wire enclosing a core of iron wires

tightly packed. It is preferable to the induction coil, with.
its primary and secondary, for use on llO-volt direct cur
rent circuits where a transformer cannot be used.
The design here is also a matter of experimental work,

and no attempt will be made to expound the theory. Com
plete specifications are given in succeeding chapters on the
construction of the various outfits in which kicking coils are
satisfactory.



CHAPTER IV.

THE OSCILLATION CONDENSER.

The function of the high potential condenser in a set
of high frequency apparatus is to take the high tension cur
rent from the transformer or induction coil, store it up
until the “condensed” energy reaches a certain critical
value, and then discharge the current across a suitable spark

‘

gap, thereby setting up electrical oscillations which constif
tute what is called the high frequency current. In its
simplest practical form, the condenser consists of two
sheets of tinfoil separated by a sheet of paper. Such a con
denser will have a certain electrostatic capacity designated
by the word “microfarad” or fraction or multiple thereof.
The single sheet of paper with its foil coatings will have a
capacity of but a small fraction of a microfarad or mfd. as it
is abbreviated. By placing sheets of paper and tinfoil alter
nately in a pile and connecting the alternate leads from the
foil in multiple, a condenser of practically any desired ca
pacity may be made, the capacity increasing in direct pro—
portion to the number of little condensers connected in
multiple. On the other hand, if we take two identical con
densers and connect them in series, the pair will have but
half the capacity of either unit.
High Potential Condensers—If a high tension current

were impressed upon the simple condenser just described,
the paper insulator or “dielectric” would not stand the
strain and the current would puncture the paper. There

49
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fore, in order that the high voltage current may be used to
store a large amount of energy in a condenser, the dielectric
must be made of some‘material possessed of exceptionally
good insulating qualities. Glass and mica are perhaps the
best adapted to the purpose of the amateur builder. An air
condenser is good as is also a condenser the plates of which
are held in a tank of oil; these latter types are difficult and
expensive to build, however, and they are, moreover, very
cumbersome and heavy.
For permanent installations, where the apparatus need

not be moved about, a modification of the latter type is
excellent. By building first an ordinary glass plate con

Fig. 11.—Single plate of glass coated on both sides with tin foil

denser and then immersing it bodily into a tank of oil, all
brush discharges, which represent leakage and waste, are

eliminated.
For most purposes of the amateur or experimenter,

however, the simple glass plate condenser is quite satis

factory. Old photographic negatives of the 8 by 10 in.
size may be had for the asking in many professional pho

tographers’ establishments. This glass is of the finest
quality available in the open market, and it is certainly to

be preferred to the ordinary window glass that is frequently
,used for that purpose.
If the 8x 10 negative glasses are coated on both sides

with tin foil cut into 6 x8 in. pieces, each plate or separate
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condenser will have a capacity of approximately .001 mfd.
These plates may conveniently be grouped up into units of
ten plates each, each unit therefore having a capacity of
.01 mfd. By assembling any desired number of units into
a suitable case or rack, the correct capacity for the appara
tus under construction will easily be provided.
The tinfoil plates may be secured to the glass by.means

of quick-drying gold size, which is a varnish, or the foil may
be applied after the glass has been given a very thin coat
of beeswax applied when the glass has been heated gently
over a flame or in an oven. In either event, it is well to
apply the foil in a slightly larger size and trim afterwards.
As the foil comes in sheets 6% x8% in. this is easily done.gE_ unn

Fig. 12.—Ten plates of glass built up into a unit with alternate lugs connected
in multiple

When the foil has been secured on both sides of each
piece of glass, the units may be assembled with strips of
thin copper ribbon placed alternately projecting to right
and left between the plates of the unit. These lugs, of
course, provide the means of connection. The unit is then
bound with linotape at top and bottom, the lugs folded
around lengths of flexible lamp cord and soldered, and the

entire unit immersed for two hours in a molten compound
of equal parts of beeswax and rosin. When this mixture
cools, it will form a solid, non-hygroscopic seal for the unit
of the condenser, preventing brush leakage, and excluding
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moisture. This procedure is to be followed in the con
struction of every condenser described in this work with
the exceptions specifically noted.
Mica Condensers—The use of mica as the dielectric for

the condensers of portable high frequency apparatus cannot
be too strongly recommended. The material is light in
weight and it is possessed of electrical properties that ren—
der it admirably adapted to the purpose. Electrical mica
is costly, however, and as the size of the sheets increase,
the cost goes up in proportion; but the price is not pro
hibitive if light-weight is an important consideration. The
mica may be obtained in small sheets of almost any desired
thickness. The method of assembly is identical with that
of glass.

Fig. 13.——One section of moulded condenser

Moulded Condensers—This type of condenser is not
within the reach of the amateur constructor’s shop equip
ment as its manufacture requires the use of very expensive
dies and presses capable of exerting enormous pressure.
The moulded condenser may be purchased outright, how—
ever, in sections having a capacity of .002 mfd. each.

The moulded condenser is mechanically strong—in
deed, it is practically unbreakable. The conducting mate
rial is of copper in sheets approximately five inches square
and these sheets are completely sealed into a solid block of
hard, waterproof, and practically heatproof composition
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that forms also the dielectric between the plates. Such a
condenser is ideal for the portable outfit for use on the stage
or where great ruggedness is essential. Each section
weighs approximately 2 lbs. and an entire} condenser of
.02 rnfd. capacity would weigh but a fraction over 20 lbs.
The outside dimensions of each unit are 6V2x6y2 in. while
the thickness is about 1% in.



CHAPTER V.

THE SPARK GAP.

The function of the spark gap is to provide a gap be
tween suitable metal electrodes for the high potential cur—

curent stored up in the condenser to leap across, thereby

setting up the electrical oscillations. The gap, in its
simplest form, is a pair of zinc cylinders placed end to end

and insulated from each other; a means is provided where

by the distance between the electrodes may be adjusted to
the necessary point. This adjustment may be provided
conveniently by threading the rods of zinc and supporting
them in standards in which tapped holes have been pre

pared. A large knob or disc of fibre on one electrode en
ables the operator to make the adjustment while the current
is passing.

This simple gap is open to many objections when the
higher powers are encountered, although it is quite sat
isfactory for use with the induction coil sets or small trans
former outfits. On transformers V; k.w. or over, the
simple gap quickly becomes heated to excess and the op
eration is unsatisfactory. An improvement is afforded by
placing radiators on the electrodes to aid in the dissipation
of the heat as it is formed. A further improvement is the
use of larger electrodes of zinc and a step still further is
taken if the electrodes are made of nickel-steel; owing to
the difficulty of work this substance, however, it is not
considered within the reach of the experimenter. It is

54
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sometimes possible to obtain the nickel—steel rod in suit
able lengths, however, and, in this event, it should most

certainly be employed.
If an air blast is directed against the electrodes and

into the gap, the operation will be improved materially.
The current of air serves not only to cool the electrodes
but to wipe out any are that may tend to form.
The Rotary Gap.—In this type of gap, one electrode

is stationary while the other rotates past it a certain num
ber of times per second. The various modifications of this
simple rotary gap are bewildering to contemplate and no
attempt will be made to describe all of them. Suffice it
to say that the rotating member may consist of a single

Fig. 14.—Designs of _stationary spark gaps. The type at the right is fitted with
rotating discs to dissipate the heat generated by the spa

disc of metal from the periphery of which pieces have been
cut to form teeth; or it may be a disc of metal with me
tallic studs fastened to it to form the rotating electrodes;
or it may be a disc of insulating material with metal studs
passing enirely through it near the periphery; in the last
instance, the stationary electrode will be in duplicate, with
one on either side of the revolving disc.
The advantages of the many types are mechanical

rather than electrical. The builder, in selecting a certain
type, will have to consider the limitations of his shop equip
ment. One is about as good as the other so far as results
are concerned, and almost any rotary gap is better than
even a good one of the stationary form.
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The number of studs or sparking points required will
depend upon the diameter of the rotor disc and the speed
at which it is to be driven. The number of studs and the
speed govern the tone or pitch of the note imparted to the

spark. With 12 points and a motor running at 1,800 R.P.M.
the tone of the spark is musical and pleasant to the ear;

this is in striking contrast to the crackling or crashing
spark of the stationary gap. While this feature is of
greaterimportance in the case of radio telegraph apparatus
than with demonstration coils, still the pleasing musical
note makes a good impression upon the audience.
The distance between the rotating and the stationary

Fig. lS.-—Simple rotary gap

electrode should, in general, be as short as possible with»
out striking. The gap should certainly be adjustable by
small degrees and the adjusting mechanism should prefer
ably employ a screw with an insulated knob in order that
the spark gap may be varied while the current is passing.
The Quenched Gap—By making the spark gap elec

trodes very massive, facing them off very accurately in a
lathe, providing large radiation surface on each electrode,
and, finally, by supporting the electrodes in such manner
that the separation of their faces is but a few thousandths
or perhaps hundredths of an inch, we haVe what is com
monly termed the quenched gap. The large mass of metal
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and its radiation surface tends to dissipate the heat as fast
as it is produced and the condenser discharge takes the
form of a series of very short, clean, and nearly undamped
surges. The large surface and the short gap increase the
total number of discharges per alternation of the current
from one or two per alternation to several hundred or per
haps a thousand. This does not means that the frequency
cf the current is affected by the quenched gap character
istics just mentioned. The frequency of the oscillations
may be just as high in the ordinary gap but the groups
or trains of oscillations, or perhaps we had better say the

I

Fig. 16.~Simple form of quenched gap

groups of condenser discharges, may occur many more

times per second, or per alternation of the current, in the
quenched gap. That is to say, the condenser becomes
charged and discharged niany more times per second, while
the frequency of the oscillations in each separate discharge
may remain fixed.

The advantages of the quenched gap are manifold while
the difficulties identified with its construction and use are
almost as numerous. The quenched gap requires good
tools and good workmanship. In operations, it is likely
to become overheated and its operation will then be un
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steady. It is heavy as compared with the ordinary gap
and it is costly.

To counterbalance the disadvantages enumerated, we
may say that the results obtained from this form of gap
are remarkable. The high frequency discharge from :1

Tesla or Oudin coil operated with it is astonishing; in
stead of the thin, wiry discharge or spark, we get a flaming,
white discharge that can best be compared with the flame
from a very high potential, low frequency transformer.
The high frequency discharge is not silent, however, but
it partakes of a loud, crashing hiss. For electro-therapeutic
work, the quenched gap is splendid, providing it is properly
designed, built, and cared for. The X—Ray current is par—
ticularly energetic and for auto-condensation, where a high
discharge rate is imperative, the milli-amperage may reach
1400 without great discomfort to the patient. So, the
reader will see that even with all of its many troublesome
features, the quenched gap is well worth building, if for
purposes of experiment only.

The Rotary Quenched Gap.-—For radio telegraphy, a

high pitched note is highly desirable as this spark can be

distinguished from the atmospheric crashes and other ex

traneous sounds so often heard in the telephones of a

radio receiver. The ordinary rotary gap gives this note and

works well. The 500-cycle alternating current sent into

a special transformer and used to discharge across a

quenched gap works even better but the 500—cycle cur—

rent is a thing not to be attained by the average experi

menter. Along came a chap a few years ago with a com

bination of quenched and rotary gap that threatened to dis

place the 500—cycle sets for, by means of his transmitter,

the ordinary 60-cycle current could be sent into the ap

paratus and be made to produce a clear—cut musical note
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with every possible advantage of the quenched gap and
with many additional advantages as well.
In the rotary quenched gap, the rotating electrode

takes the form of a large copper disc having radial slots
milled across its surface and thus leaving wedge-shaped
members of copper protruding for the sparking surface.
The stationary electrodes were two in number, each form
ing a semi-circular piece of copper with radial slots and
projections to correspond with the rotary member. The
latter was placed upon a shaft and mounted in suitable
bearings so that it could be held with its face but a few
thousandths of an inch from the stationary members, and
rotated at a high rate of speed. Here we have the true
quenched gap, subdivided into a series of discharge points
which, when the disc was rotated, split the condenser dis
charges into groups which were clearly defined and which

imparted the beautiful musical tone to the spark.



CHAPTER VI.

OSCILLATION TRANSFORMERS.

The function of the oscillation transformer is to take
the oscillatory current set up by the discharge of the con
denser across the spark gap, and increase it from a poten
tial of a few thousand volts to practically any desired po—
tential. \Vhile the principle is exactly the same as that

involved in the ordinary low frequency transformer, the
high frequency type is possessed of a few characteristics
peculiarly its own. For instance, the primary winding of
the oscillation transformer may have from one to ten turns,
of very thick copper conductor in it; in this short and very
low resistance winding, current oscillates at a potential
of several thousand volts. The secondary of the oscil
lation transformer may contain but a single layer of wire,
.with a total number of turns running into hundreds
instead of thousands or tens of thousands as is the case
with the low frequency type; but in this short secondary,
with its few turns, may be induced an immeasurably great
potential—a voltage running into the millions. The third,
and perhaps the greatest, distinguishing feature of the os
cillation transformer is the fact that it has no iron core; the
presence of any iron whatever is detrimental to the action
of the device.
Various Types—Considerations of voltage, current,

weight, frequency, and the various factors of this nature
enter into the design of the oscillation transformer. The
windings may be insulated by air space, oil, wax, or pc
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trolatum. The primary may be an open helix of bare cop
per bar, strip, ribbon, or tubing, or it may consist of a coil
of heavily insulated cable. The secondary may be wound
in a single layer upon a cardboard or wooden cylinder, or
upon a wooden cage, or it may be wound in a series of nar
row layers on insulating paper or cloth. The secondary
may also be in the shape of a cone or a flat spiral resemb—
ling a spider web.
Oudin and Tesla Types—Oscillation transformers may

be broadly classed under these two headings. The Oudin

Fig. l7.—\/Viring diagram for Oudin coil

coil is in reality an auto transformer, 'i. 0., its primary and
secondary are connected together at a neutral point which,

in the case of high frequency apparatus, should be
grounded. In the Tesla coil, the only connection between
the primary and the secondary is an inductive one; the two
windings are separate and distinct. (See Fig. 18.)
The third type that should be mentioned, as it is per

haps the most practical of all, is a combination of the Tesla
and Oudin circuits. This consists of two Oudin resonators
placed side by side and having their ground connections
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joined with a cable which places the two primaries in
series. The oscillation circuit is, of course, through both
primaries. Still a further modification of this circuit is
made by placing the two resonators base to base as shown
in Fig. 20. This makes virtually a Tesla coil of the pair,
the only distinction being in the grounded neutral point.
Advantages of Various Types—The Tesla coil gives

the longest spark between points of any of the various
types. This coil is difficult of construction, however, and in
mechanical design it is fundamentally poor. The greatest

Fig. 18.—\Viring diagram for Tesla coil showing transformer, spark gap and
condenser

problem is to support the'primary and secondary and still

prevent leakage of the current. The combined type, Fig.
20, or the style shown in Fig. 19, will overcome this diffi
culty with but a slight loss in results obtained.
The Oudin coil gives an enormous brush discharge

from its single terminal. In a large coil, the streamers of
purplish fire dart out like the branches of a tree to a dis—
tance of several feet in all directions. Such a coil, properly
proportioned and carefully built will give splendid results.
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The construction is simple and the design strong both elec

trically and mechanically. For portable purposes, the
Oudin coil is the ideal type to use, particularly if it is de
sired to keep down weight and bulk and to have apparatus
that will stand the hard knocks of road work.
Proportions of Coils.—ln the actual construction and

subsequent use of some dozens of different types of high
frequency chils, the author has evolved a few simple rules,

which, for some inexplicable reason, appear to give the

ill
lm
—

Fig. 19.—Two Oudin resonators placed side by side to produce very long sparks

pass-word to the realm of successful coil building. While
there is a perfectly good method by means of which these
coils may be designed “on paper,” through the medium of
various formulae, all more or less complex, the average
practical worker in this field will admit that the time—worn
“rule of thumb” method is possessed of certain advantages

in this case as in others, particularly when the results of
“rule of thumb” calculation are carefully noted and the
mediocre designs eliminated from future consideration.
With this brief explanation or, perhaps, apology, for
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the use of the much used—and abused—rule of thumb,
We may proceed to look into the actual design of oscilla—
tion transformers of various sizes and for various pur

_

poses. \Vithout attempting any explanation of the reasons
therefor, the author may state that, in his experience, the

secondary of the Tesla coil should be wound upon a cylinder
the length of which‘is three times its diameter. The Oudin
' resonator secondary should be wound upon a cylinder hav

ing a length slightly less than twice its diameter. Apply
ing this simple rule, a Tesla coil with a secondary 12 in.
in diameter, would be 36 in. long. The Oudin coil would

..||"

Fig. 20.—Two Oudin. resonators placed base to base

be about 22 to 24 inches high if its diameter were 12 ins.
This rule applies only in the case of truly cylindrical sec
ondaries.
The number of turns of wire on cylindrical Tesla coil

secondaries should be in the proximity of 800, While the
Oudin secondaries may contain from 400 to 600 turns for
long sparks and from 100 to 300 for shorter and heavier
discharges. This rule has been found to follow in the case
of either large or small coils and the figures given have
been taken from charts giving the effective windings for
a great many coils.
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The cone-shaped coils are particularly effective as they
are theoretically correct in design. The proportions for
cones may vary from a perpendicular equal to the diameter
of base to a perpendicular 1.5 times diameter of base. The
latter is better for long sparks. The windings of cones
should contain from 100 to 500 turns of wire for short and
thick, or long and comparatively thin sparks, respectively.
For the very closely coupled coils such as the pancake

form, where the winding is in layers, and the coil sealed
in, the number of turns may run up as high as 1500 to 2000

Fig. 21.—Showing proportions for Tesla and Oudin secondaries of any desired size

turns. The coil is of comparatively small diameter in this
event. The layers of Wire should never be very wide as
the insulation will not hold up.
The conductor for the secondary windings of all types

of oscillation transformers should be of soft, pure copper
wire. The insulation may be of cotton or silk but not of
enamel. The use of the latter for high frequency secon
daries has given the author great disappointment in the
construction of several large and comparatively expensive
coils. The insulation on the wire is of no value whatever
except to provide a mechanical separation for the turns
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of wire and to form a baSe or support for whatever in
sulating substance is applied to the wire subsequently,
Secondary Insulation.——-One fact stands out promi

nently after the worker has built and experimented with a
few coils. No solid insulation of any kind is of the slight
est avail when working with high frequencies and very high
potentials; glass, hard rubber, mica, empire cloth, and even

paraffin wax seem actually to help the current to pass.
The terminals of a coal may be separated beyond sparking
distance in air and when a piece of heavy plate glass is

Fig. 22.—Proportions for cone-shaped secondaries of any size

interposed, the discharge immediately starts to wind its
way over the surface of the glass, finally piercing the plate
as if it were of cardboard. Therefore, let the uninitiated
worker bear this fact in mind: That to attempt the insula
tion of the Tesla primary from the secondary by means of
any of the old reliables in the case of the ordinary induc
tion coil, is the height of folly in the case of the high fre
quency coil. Liquid oil, freed from all moisture, is the
very best insulator for these high frequency currents. It
is heavy and sloppy to handle, however, and its use pre
cludes the possibility of obtaining the beautiful brush ef—
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fects from the secondary in the air. Next to oil comes a
mixture of beeswax and rosin in equal parts. This seems
to be practically the only solid, or nearly solid, insulating
substance that will stand up under the strain. Last of all
comes air. \Ve say last because the air insulation must
be greater in extent than either of the predecessors; but
notwithstanding this fact, the air insulation is the one
cheap, light-weight, and absolutely reliable insulation that
the high frequency worker has at his command. A separa
tion of a few inches more, perhaps, between primary and
secondary, but a mechanically and electrically good con
struction, and, what is more, accessibility of all of the parts
at an instant’s notice, is the significant list of advantages
possessed by this insulating medium.
On air-insulated coils, the secondaries should be wound

with a space between each turn and its neighbors. This
space will depend upon the potential to be set up at the
top of the coil and ordinarily the separation should be about
the width of the wire itself. Bare wire may be used but
it is not recommended. Double cotton covered wire has
been the choice of the author after many experiments to
determine the relative merits of all known coverings. The
double cotton covering forms an exeellent base to soak
up shellac which, when applied in a half-a-dozen coats, and

thoroughly dried out, has been found to seal up the turns on
the open cylinder, preventing in large measure, the leakage
between the turns when the coil is operating at full power.
Theoretically the winding of the secondary should start
with turns close together at the base, the separation grad
ually widening out as the top or high potential end of the
coil is reached. This method of winding is impracticable
for the average amateur constructor, however, and he must
needs resort to the next best expedient of making all turns
sufficiently separated to take care of the potential.
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Oil and Wax Insulations.—-The oil insulated coil may
be very closely coupled; that is, the primary may be but
slightly separated from the secondary. The case or con
tainer for the coils may be of wood, lined with zinc. The
cover, of course, must be of some good insulating material
such as glass, hard rubber or marble. Slate should not be
used as the minute metallic veins found in some varieties
will be ruinous to the output of the coil. The high poten
tial leads from both primary and secondary may be brought
up through porcelain, glass, or hard rubber insulators at
tached to the top of the case and extending down into the
oil.

Ill/'05

Fig. 23.—Tlie turns_ of wire in the scoondary should be spaced to provide adequate
insulation for the extremely high potential

The compound of equal parts of beeswax and rosin pre
viously mentioned is used to seal in the pancake coils of
portable electro-therapeutic outfits where every effort must
be expended in the direction of light weight and compact
ness. This compound is melted up in a double boiler, as
the insulating properties are ruined if the mixture is per
mitted to scorch. The pancake coil, which is specifically
described later in this book, is immersed in the hot com
pound and permitted to remain for hours until the windings
and the paper separating layers are thoroughly impregnated
with the molten wax.
The advantages of the close coupling of primary and
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secondary made possible through the use of some better
insulator than air are found in the greater efficiency of the
oscillation transformer constructed in this way. The spark
is thicker and hotter, as well as being of the desired length.
This quality is to be desired in X-Ray work in particular.
For demonstration apparatus, however, the builder can do

no better than use the air insulated coils.
Constructional Features.'—The simplest Tesla or Oudin

coil to make is that in which the secondary is a cylinder
of cardboard such as a large mailing tube, or a tuning coil

cylinder, wound with a few hundred turns of insulated mag
net wire. The primary may consist of a few turns of cop
per ribbon wound into a spiral with the turns separated by
a strip of corrugated board such as is used for packing
purposes, the whole being secured with tape at four or five
points on the spiral.
From this simple start, larger coils maybe developed

along similar lines. Cardboard cylinders may be purchased
in sizes as large as 8 x13 in. and larger ones may be made
to order. Very large cylinders should be made of wooden
slats pegged with wooden pegs to wooden discs of the de
sired diameter. ,

Primaries may be of almost any heavy conductor avail- -

able. As the tendency of the high frequency current is to
find upon the surface of the conductor, it is highly desir
able that the primary be made either of flat ribbon or strip
copper, or else of copper tubing of relatively large diameter.
Stranded conductor is excellent and if the precise number
of turns is known and no tuning necessary, the builder may
use heavy stranded cable with excellent results.
The ideal primary conductor is copper strip or bar,

would edgewise into an open helix. Such a primary may
be made compact and mechanically strong and it is splendid
from the electrical standpoint. This conductor permits of



70 HIGH FREQUENCY APPARATUS

closer coupling without danger of sparking from secondary
to primary. The edgewise wound strip is difficult to make
as the reader may well imagine. The mechanical problem
involved is‘a real one and for the few turns the average
worker will require, to construct a winding rig would be
out of the question. The strip can be purchased ready
wound, however, in three convenient sizes, and its use is
specified in the construction of several coils in this work.



CHAPTER VII.

INDUCTION COIL OUTFITS FOR BATTERY ‘

CURRENT

Of all the experimental apparatus within the reach of
the amateur builder, none can compare with the high po
tential, high frequency transformer when it comes to a
question of demonstration or entertainment.- A simple
card-board cylinder, wound with a few hundred turns of
magnet wire in one layer, set on the top of the helix of his
wireless set will give the experimenter a spark several
inches long. This spark he can play with to his heart’s
content for it is perfectly harmless. Taken through a piece
of metal held in the hand, the current produces no shock
whatever even though the voltage may be expressed in the
thousands. This is explained by the fact that the current
changes its direction of flow so rapidly that the nerves can
not transmit the sensation of pain and the muscles cannot

respond to the pulsations.
_

Induction Coil Apparatus—The experimenter who
numbers among his possessions a spark coil suitable for
radio telegraphy, may delve into the mysteries of high
potentials, and high frequencies without spending any great
amount of money for the extra apparatus needed. If he
has the coil, he will most likely have also a spark gap and
a high tension condenser.
With this equipment to start off with, the experimenter

will have only to add a simple Oudin resonator to his outfit
in order that he may play with the sparks for the entertain

71



72 HIGH FREQUENCY APPARATUS

ment of his friends and himself. The resonator can De‘
built by any worker who has made a tuning coil. A card
board cylinder from 2 to 4 in. in diameter and twice its di
ameter in length may be fitted with the usual wooden heads
and given a coat of shellac. When the latter is quite dry,
the cylinder may be mounted between centers in a simple
winding rig such as is shown in the illustration. The cyl
inder, turned away from the operator by hand, is then to
be wound full of double cotton covered wire which may be
of any size between 34 and 28 B. & S. gauge.
The completed secondary is then to be coated with

several applications of shellac, each layer being permitted

I." Wooden Head /'/1e/‘l/wr [nd ony/l'ndan.__

lengm offi‘am'boani Ey/lha’er
'

End of
*0 be abouf fm'ce if: Diamehr

Cylinder

Fig. 24.—Cardboard cylinder and wooden heads for secondary of oscillation
transformer

to dry thoroughly before the next is applied. When the
final coat is hard, the secondary may be mounted upon a

simple wooden base by means of screws passing up from
beneath and into the lower wooden head. The lower end
of the winding is carried down through the base to a ter
minal which will be “ground.” The upper end of the Wind
ing terminates in a rod carrying a brass ball at its tip.
This ball and rod may be taken from the clapper of an old
electric bell, or, the ball may be a large leaden shot of the
variety known as “buck shot.”
The primary is composed of twelve turns of very heavy

copper wire such as is used for the transmitting helix in a
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wireless set. The wire is wound upon dowel rods set up
in the base surrounding the secondary coil. The rods
should be so placed that the inside diameter of the primary
winding is 1% times the diameter of the secondary. The
winding of heavy wire should cover % of the height of the
secondary cylinder. If the induction coil used to excite
this oscillation transformer is of large size, the secondary

may send sparks into the primary. In this case, the pri
mary must be made larger in diameter. The directions
liere have been for a comparatively close-coupled coil as

This end freew
Hind Lhrend and wire
In perlllel. Remove
thread Ihen winding
Ll complete.

Thread lire

Fig. 25.—Apparatus for winding secondary of oscillation transformer

that type will give maximum results with the usual wireless
spark coil.
The lowest turn of the primary helix is to be connected

with the ground terminal to which the lower end of the
secondary winding is attached. The wiring diagram is
giVen in Fig. 27, and the reader will notice that the spark
gap is connected across the secondary of the spark coil; the
condenser and primary of the resonator are in series across
the spark gap. When operating the coil, try various ca
pacities of the condenser, a variation of the turns of the
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primary, closing up or opening the spark gap, etc. A few
trials will bring the circuits into resonance and the ball at
the top of the resonator will give out beautiful streamers
of purplish fire. If a piece of metal is held in the hand
and approached to the ball, a spark several inches iong
will jump into the metal without the operator feeling the
slightest sensation of shock.
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Figs. 26 and 27.—Data for small Oudin resonator and diagram connections

Induction 'C'oil Construction.—In the event that the ex
perimenter is not the possessor of an induction coil giving

a fat, hot spark, he will need either to buy one outright or
else construct one in his home workshop. The latter
course is permissible if he is a fairly careful and patient
mechanic.

The data given in this chapter is for the construction
of a coil built expressly for radio and high frequency Work
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and it 15 totally different in windings and proportions from
'

the ordinary spark coil that is intended primarily to give al
long spark. The coil to be-described is not rated in spark
length but in watts capacity. Through the use of a suit—
able interrupter, this coil may be operated at 10 volts and

10 amperes continuously. The secondary winding is of
comparatiVely low resistance, thus it is well adapted to the

purpose of charging condensers.
Core and Primary.—-The core of this coil is a bundle

of soft iron wires tightly compressed into a cylinder 12 in.
long and 1% in. in diameter. The core wire can be pur
chased ready cut and perfectly straight so that its formation
into a cylinder is a simple matter. Given the necessary

Binding Ilfll 'hpo blndfng
I V \ ntnrted/

.l‘

i
_

‘ld

i [l
l

- l _.
12 End ores»

core I bundle of iron vii-ah '

Fig. 28.—Core with tape binding started

amount of straight iron wires, the builder grasps the bundle
The silk is tough and strong and the worker will be enabled
to preserve the solidity of his bundle as he removes the
binding wire sand replaces them with the silk wrapping.
with both hands and with a twisting motion forms the wire
into a compact cylinder. A piece of wire is then wound
around the middle of the core and twisted. Another is

added at each end. The twisting operation is then con
tinued, taking up the slack in the binding wires by twisting
the ends with a pair of pliers. Soon the bundle will be per
fectly straight and hard.

'

Starting at one end, the binding wires may be removed
and a winding of silk ribbon started spirally over the core.
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When the entire core is covered, the final turn of ribbon
may be held with shellac and a few turns of thread taken
over the end to insure permanency. The whole core, with
its wrapping of ribbon, is then to be suspended in a trough
filled with thin shellac. A submersion of an hour will have
served largely to fill the interstices between wires and to
soak the ribbon thoroughly. The core is then hung up to
drain and dry. The latter operation will take the best part
of 24 hours. \Nhen the shellac is hard, the core will be
almost as solid as if it were of one piece of iron, and it is
then ready for winding.
The primary is in two layers. The end of a spool of

N0. 14 D.C.C. magnet wire is placed under a~ loop of the

E\
Fig. 29.—Core and primary, showing how finishing end of primary winding is held

under a loop of tape

Manna emrlng Primary nndh‘

M bid of rtndtng held “MOI ups

silk ribbon on the core and the winding started by turning
the core with both hands. The second turn of wire grips
the ribbon loop and thus secures the starting turn. The
first turn should start at a distance of one inch from the
end of the core and the first layer ends at this distance from
the other end. The second layer of Wire is wound upon
the first, with a layer of empire cloth between. The fin
ishing end of the primary winding is secured with a loop of
ribbon, the ends of the loop being pulled tight after the
ribbon has been covered by the last three or four turns of
the winding. The entire primary is then to be wound with
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silk ribbon in exactly the same manner as the core and
the end where the leads come out should be wound with a
number of turns of strong thread to prevent the possibility
of the starting and finishing turns coming loose. The en
tire core and primary is now to be immersed in a compound
of equal parts of beeswax and rosin, melted in a double
boiler to prevent scorching. An immersion of an hour or
two will suffice when the coil may be removed to drain and
cool.

\

Insulation.—When the primary has cooled, it may be
covered with four layers of micanite sheeting. This sub
stance is built-up mica made into a flexible sheeting about

1
1
;

in. thick. Very thick shellac is liberally applied as the
wrapping proceeds and when the final turn of the micanite

is taken over the primary, the whole cylinder should be

temporarily wrapped with tape until the shellac dries out
thoroughly. When this is at last accomplished, the struc
ture is to be placed in an oven until slightly warm, after
which it is stood on end with the lower opening filled and
the beeswax-rosin compound poured into the space between

primary and insulating tube. The length of the latter is 10
in. and an inch of core is therefore left projecting at either
end to permit of mounting in the frame to be described.
Secondary Winding—The secondary is wound in four

sections, each section being wound in layers upon oiled

paper 1% in. wide. The wire is No. 32 S.C.C. Each
layer contains 112 turns of wire and the width of the layer
of wire is 1 in.; therefore, there is a margin of M in. on
either side of the layer of wire. Each section is wound
in 61 layers and the total turns to each section is accord

ingly 6832. The four sections will comprise 27,328 turns
in consequence.

The secondary sections may be wound either in a lathe
or else upon a form mounted in a simple winding rig such
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as the illustration suggests. The outside diameter of the

micanite insulating tube over the primary will be approxi

mately 2% in. and this shall therefore be the internal di—

ameter of the sections. The form consists of a disc of wood

nailed to one end of a short cylinder of wood and the whole

mounted either in the lathe or in bearing supports as

shown. The cylinder should be 2% in. in diameter and

about 2 in. long. .

In starting the winding of a section, the wooden cylin—
der should be covered with a layer of cord to make possible

1 ~
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Fig. 30.—Winding apparatus for secondary sections

the removal of the section. The first layer of oiled paper
may be wound upon the cord which is pulled out after the

section is finished. In the first paper layer there should
be six or eight thicknesses of the oiled paper to make a

mechanically strong support for the winding. The starting
end of the No. 32 S.C.C. wire is soldered to a piece of

thin copper ribbon inserted between layers of paper, and
the first layer of wire wound until 112 turns have been
placed. At this juncture the winding should be an inch
wide. A layer of oiled paper is then taken over the wire
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and the second layer of winding placed. This is continued
until 61 layers have been wound. The finishing turn of
the wire is soldered to a piece of copper ribbon and ten

layers of paper taken over the wire. The ribbon passes
between the eighth and ninth layers of paper which hold it

securely. This completes a section which is now to be im
pregnated with the beeswax-rosin compound.
In winding the first section, the builder is to turn the

lathe away from him and have the disc-end of the cylinder
at his left. The winding is to start at the left hand end of
the cylinder next to the disc. This procedure is also to
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Fig. 31.—Details of the frame work

be followed with one more section. When these two sec—
tions are wound they should be numbered 1 and 3. The
winding rig is then to be reversed so that the disc-end of
the cylinder is a

t

the right. Starting the winding next to
the disc as before and turning in the same direction, i. 2.,
away from the operator, the section under construction will
be wound in the opposite direction from the two predeces
sors. This section is to be numbered 2 and its companion,
N0. 4, is wound in the same way. The reason for this will
be seen when the assembly starts.
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Assembly.—The frame of the coil is well shown in Fig.
32. The ends of the core fit into holes into upright pieces
of wood which form. the supports for the entire coil. The
secondary sections are arranged upon the micanite tube in
the order of their numbers, starting from left to right. If
the winding has been done as described, the first outside
lead will go to the binding post, 5‘, the inside lead of sec
tion 1 to that of section 2; the outside lead of section 2 to
the outside lead of section 3; the inside of 3 to the inside
of 4; and the outside of 4 to the remaining binding post.
The two primary leads are carried to one binding post
in the base and to one side of the interrupter respectively.
Interrupter and Condenser.-—An independent interrup

ter is much to be preferred for use in connection with this
coil. The interrupter may be of the mercury-turbine type,
the vibrating contact type, or the electrolytic. The last
mentioned style of break will give the greatest results if
the interrupter is properly designed and built; if the worker
does not care to go to the trouble of making this rather
delicate device, the construction of which involves some
rather good glass-working, he may purchase the interrupter
outright for $2.25. This price would scarcely cover the
cost of the materials and the workmanship on the break
if the amateur worker were to build one.
The vibrating type of break will give good results if its

contacts are of generous proportions and the component

part of the interrupter properly designed. The data given
herewith specifies the use of. hard silver contacts T5,; in. in
diameter rather than platinum ones of a much smaller size.

Before we proceed with the description of the vibrating in
terrupter, however, a brief mention may be made of the

mercury-turbine break, which is in many ways the ideal

type.

In the mercury-turbine break, a stream of mercury is
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raised through the medium of a pump and projected in a
fine stream against a series of metallic vanes with which it
makes successive contacts. This device is even more diffi
cult of construction than any of the other types and no at
tempt will therefore be made to describe it in detail. The
mercury-turbine interrupter costs in the proximity of $9.00
and it requires a small electric motor for its operation. It
may be used on practically any Voltage from six to 110.
The relation of the vibrating interrupter to the rest

of the coil is shown in Fig. 32, while the details of the in
terrupter are given in Fig. 10. Using the reference num
bers in the drawing, 5 is a spring of phosphor bronze, 3%
in. long, 1 in. wide and approximately 1/32 in. thick. To
the end of this spring is secured the armature, 6, of soft
iron, by means of four small screws. This armature may
be turned from in. soft iron bar or it may be cut from
the end of a l in. rod of the same material. The contact, 7,
is cut from a piece of 153 in. silver rod, drilled and tapped
for the small screw that secures it to the spring in the posi—
tion shown. The stationary contact, 8, is made of the same
material and it is carried on the end of the 14-20 milled
head screw, 9, which is threaded into the stud of silver.
The adjusting screw, 9, is carried by a cross arm of heavy
brass bar, 10, which, in turn, is supported by pillars of
brass, 11, at either end. The vibrating spring, 5, is sup—
ported at its lower end upon a bar of brass, 12, to which it
is secured with screws passing through a washer plate.
This construction is essential in order that the spring may
have a definite point or edge from which to vibrate.
The condenser to be shunted across the interrupter

should be adjustable. The builder is strongly advised to
purchase this condenser outright. The task of making up a
condenser of tinfoil and paraffined paper is a discouraging
one and the manufactured article can be purchased so



HIGH FREQUENCY APPARATUS

3
.8
a

E
u
ce
a
E
g

w
e

c.
0
2
2
3

m
E
B
o
fi

2
2
9
:3

=
3

co
u
u
u
w
u
h
l.
u
n

.m
E



INDUCTION COIL OUTFITS 83

cheaply that the amateur builder is not justified in making
one. The standard telephone condenser of l mfd. capacity
is approximately correct in capacity and if four more sec
tions of .5 mfd. each are added, the necessary range of ad
justment is obtained.

1‘ Silver

Dohil'l of cpl-lug Phelphor bronco

and s (T) @
rs”:f ~~ e s -—.

g, 1fi' 3' \ .__./'-_.5 8' ..1is
Side elevation Front. elevation

Fig. Sit—Details of the interrupter

If the builder wishes to make his own condenser, he
may purchase 250 sheets of heavy paraffined paper such
as is used to wrap candies in. This paper may be cut to
form 500 sheets of paper 8x10 in. in size. The tinfoil
should be thin in'order that cost and weight may not be in
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ordinate and it is to be cut into 6 x 8 in. pieces. These tin
foil sheets, with strips laid on alternately for lugs, are
placed between the waxed paper sheets in piles of 100 sheets

each. The condenser will therefore comprise five units of
100 sheets to the unit. The specifications given are for a
condenser of large proportions, but in the author’s experi
ence, the average amateur builder is not equipped with the
presses necessary to compress the units to the extent where
their capacity is large for a given size of sheet. The only
device of this kind that is within the reach of the experi

————1||||||||||||||l——-i

Fig. 34.—Diagram of connections for the induction coil

menter is a letter press and this implement gives but a
small fraction of the pressure used by the manufacturer
of the standard condenser.
The diagrams of connections is given in Fig. 34. The

disposition of the connecting wires is not given in the draw
ing of the completed coil, Fig. 32, for the simple reason that
the extra lines would tend to confuse and the builder who
is capable of turning out this coil will certainly be able to
place his connecting wires in a workmanlike manner.
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High Tension Condensers—The condenser for con
nection across the secondary of the induction coil may be
made by coating both sides of an 8 x 10 photographic nega
tive with tinfoil in sheets 6x8 in. in size. Probably but
two or three of these condenser plates will be necessary if
they are connected in multiple. For high frequency coils,
the condenser will be somewhat larger than for general
radio work, but the experimenter will not need to make
more than half a dozen of the 8x 10 plates to insure ample
capacity.



CHAPTER VIII.

KICKING COIL APPARATUS.

The possibilities of the “kicking coil” type of high fre
quency apparatus have long been recognized by manufac
turers of electro-therapeutic outfits but, doubtless owing
to the scarcity of published data on the subject, this simple
and inexpensive generator of high frequency currents has
not seemed to come in for its due share of popularity
among amateur constructors.
The kicking coil is an oddity to the uninitiated elec

trical worker; it is merely a winding of comparatively
coarse copper wire upon a core composed of a bundle of
soft iron wires. In this simple coil, which is totally devoid
of a secondary, is set up a current of sufficiently high po
tential to charge a condenser; this high potential is induced
at every break of the circuit which permits current to flow

through the coil.
Fig. 35 represents a circuit of this nature. The kicking

coil K is connected at one end of its winding with one side
of the supply circuit. The other end of the winding goes
to the vibrating armature of an interrupter. From the sta—
tionary contact of the interrupter we trace this circuit of
the primary of a Tesla or Oudin coil and thence back to
the source of supply. A condenser is connected across
the break and the primary of the oscillation transformer.
As the current flowing through the coil is interrupted,

a high potential surge is set up. This current enters the
condenser which discharges its load through the inductance

86
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and across the interrupter contacts as soon as the latter
close up sufficiently for the charge to leap this small air
gap.

By making suitable adjustments of condenser and the
ratio between the turns in primary and secondary of the
oscillation transformer, a high frequency current of prac—
tically any desired frequency and voltage may be obtained,
within the limits of the outfit’s capacity.
The greatest merit of this apparatus is its ability to

operate on either alternating or direct current circuits with
merely a slight change in the number of turns in the wind

715.1

am“ m- 0.0. Oircult for LO. or 0.0

Figs 35 and Chi—Wiring diagrams for the kicking coil apparatus

ing. While it is an undisputed fact that the “kicker” can
not compare with a transformer outfit on alternating cur
rent circuits, still it serves admirably in cases where direct
current only is available.

The ideal outfit is, of course, one that will operate with
workable satisfaction on both direct and alternating cur~

rent circuits; the latter to comprise various frequencies
found in common use. The design offered herewith in‘cor—
porates all of these desirable characteristics through the

introduction of a variable condenser and an extra kicking
coil. The latter is short circuited when the outfit is used
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on alternating current circuits. Fig. 36 gives a diagram
of the connections.

I

This outfit is capable of doing effective X-Ray and
general electro-therapeutic work within the inevitable
limits of the portable outfit. The spark produced is of
good quality and in length it reaches fully 7 inches. If the
oscillation transformer were to be made larger in diameter,
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Fig. 37.——Details of the vibrating interrupter

the spark length could be materially increased without any
alteration in the exciting apparatus.
For the lecturer or the experimenter the outfit is an

exceptional one. It is light in weight, inexpensive and
simple to build, and, as we have already noted, it is uni
versal as regards current supply.
The Interrupter.—This is the one weak point in the
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apparatus. While large and elaborate rotary contact break
ers are more reliable in operation, they introduce too much
weight and cost in an outfit of this nature. The next best
is probably a simple vibrating interrupter with massive
contacts similar to that shown in Fig. 37..
The posts for the interrupter should be of generous

proportions as the drawing indicates. The stock is of y,
in. square or hexagonal brass rod. The latter is preferable
if the worker is possessed of a lathe as it may be conven
iently gripped in the universal chuck for cutting, facing off
and drilling.
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Fig. 38.—Small choke coil in detail

The spring should be of phosphor bronze; the thick
ness is preferably in the proximity of 1/32 in. At one end
of the spring is screwed the armature of soft iron or cold
rolled'steel rod. This is simply formed by cutting off a

9
4
;

in. piece of y
.

in. rod. A hole tapped into the armature
takes the short length of 8/32 threaded rod that serves to
hold the silver contact and armature to the spring.
The contact is cut from a length of T5,; in. pure silver

rod. The little cylinder is to be drilled and tapped to a

depth of % in. to take the 8/32 rod.
The stationary contact is so designed that the tension
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of one contact against the other may be regulated to a
nicety. This is effected through the medium of a fine
thread on the adjusting screw which is of %; in. diameter
brass rod. The silver contact cylinder is driven into a hole
drilled in the end of the adjusting screw. The reverse end
of this screw is tipped with a fibre knob of good size.
The Choke Coils—The smaller of these coils, Fig. 38,

serves as a magnetic device to actuate the interrupter. It
consists of a core of soft iron wires formed into a bundle

% in. in diameter and 4 in. long, covered with several layers
of empire cloth; over this is a winding of 1,000 turns of
No. 22 D.S.C.» or enameled wire wound 72 turns per layer

find with 1176 turn. 0! Io.20 ml“ on
0.0.0. wound two in parallel.

~ .

"lo 84 double tux-m r In 2' I
“f 14 llvn-a deep

in ya 0

m
lq m A

Large choke coil
6

Fig. 39.—Large choke coil in detail

and 14 layers deep. A turn of empire cloth is interspersed
between each two layers of wire.
The core is supported between heads of fibre that fit

closely over the bundle of iron wires. A good construction

is to form a spool of fibre tubing with square fibre heads,
forcing the core wires into the tube after the winding is

completed. As the drawing shows, the layers of wire dc
not come quite out to the end of the layer of insulating
cloth; this affords ample protection to the end turns which
are subjected to maximum potentials.
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The larger of the coils is shown in detail in Fig. 39.
The core is 6% in. long and 78 in. in diameter. The wind
ing is of No. 20 D.C.C. wire wound two in parallel. Each
layer comprises 84 double turns and there are 14- layers in
all. The same rules as to insulation apply as in the case
of the small coil.
The Condensera—This is of the glass plate variety in

the present design. If the builder cares to invest in mica
plates of the same size, he will effect a material saving in
space and weight.
The glass to be used is of the variety known as “lan

tern slide cover glass.” As the name implies, the glass is
used to cover the photographic positive in a lantern slide.
The cover glasses are thin and perfectly free from bubbles
and the usual defects. They may be purchased from al
most any photographic dealer and the standard size is 3 x4
inches.

For the condenser at its maximum capacity, 200 plates
of glass will be required. While this large capacity is not
alwaysin use, still it is essential for certain classes of work
and it should therefore be provided.

'

The conductor for the condenser is heavy tin foil.
This comes in sheets 6% x8% in. and 27 sheets weigh a
pound. For our condenser 200 pieces are to be cut
3% x4% in., and for this operation a photo trimmer is well
adapted; lacking this, the foil may be placed on a large
sheet of glass and cut with a sharp knife.

The condenser is to be assembled into 20 units of ten
plates each. This makes for c0nvenience of adjustment.
Each little unit will have a capacity of approximately .005
mfd. and the entire condenser therefore reaches .1 mfd.

When the assembly is started the builder should pro
vide himself with a small gas or spirit lamp, a lump of
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Fig. 40.—Details of the condenser

beeswax, and a tuft of cotton wrapped in a piece of soft

cloth. These accessories on a work table, with the clean
glasses and sheets of tin foil, will enable the worker to
proceed. >
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With reference to Fig. 40, the first plate of each unit
is to have its foil sheet projecting to the left. This leaves
a margin of §/

3 in. on three sides. This first sheet of foil

is to be secured to the plate in the following manner:

Slightly warm the glass over the flame and immediately
touch with the beeswax; spread the latter is a very thin
layer with a tuft of cotton. Place the foil sheet in position
and rub into perfect contact, using the dauber, and working
outward with a circular motion.

When this first sheet has been secured to the glass, the
latter may be placed on the table with the foil underneath
and projecting to the left. A touch of the wax to the
upper side of the plate and the second foil sheet may be
laid on; this is to project to the right with a margin of g

,

in. on top, bottom, and left side. Next comes a piece of
warm glass with its drop of wax; then the third sheet of
foil which projects to the left the same as sheet No. 1

. On
this is the third plate of glaSs, fourth sheet of foil, and so
on until 10 sheets of foil and ten plates of glass have been
assembled as shOWn in Fig. 40.

The object of the drop of wax is merely to insure that
the glass and foil sheets will maintain their relative posi
tions during assembly. The unit is now to be “backed up”
on either side with a piece of cardboard. The projecting
lugs are rolled up with a piece of M

;

in. copper ribbon en
folded, and the entire unit bound firmly with linotape at
top and bottom. This general procedure is to be followed
with each of the 20‘units which will then be ready for
impregnation.

In a double boiler, melt equal parts of beeswax and
rosin; in this compound suspend the condenser units for
two hours. If the wax has been kept sufi'iciently hot the
interstices between the glass plates will be completely filled
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and each unit will form a homogeneous mass that is both
electrically and mechanically sound on cooling.
The Oscillation Transformer.—This may be either of

the Oudin or the Tesla type. For the sake of simplicity,
the former is preferable. In order that the fullest benefit
may be derived from the exciting apparatus it is essential
that the primary and secondary of the oscillation trans
former be closely coupled. This is effected by means of
the spirally-wound or “pancake” type of Oudin coil.
This coil is wound in a success of layers in flat or

pancake form as its name implies. The wire is No. 30
D.C.C. and the insulating material between layers of wires
is oiled paper 1% in. wide and .003 thick.
The post shown in Fig. 41 is of hard rubber. While

the rod is held in the chuck a M; in. hole is drilled clear

through. The tail stock center is then brought up to bear
in the hole to prevent chattering and the end of the post
is finished off. A cut-off tool introduced at the correct
position finishes the rubber rod.
The hole at the base of the rod is to be tapped out

151,48. A length of % in. brass rod is then forced in from
the top of the post and cut off when it has entered to with
in 1% in. of the base. The top is threaded to enter a dis—

charge ball and near the bottom a small hole is drilled
through the hard rubber rod and into the brass to take
an escutcheon pin which forms a means of connection.
The rubber post is then to be screwed on to an arbor

threaded {F18 with a large disc of metal or wood between.
Upon this rig, the pancake coil is to be wound.
The winding may be done either in the lathe or, if

none is available, in a simple, home-made winder. The
starting end of the wire is soldered to the head of the es
cutcheon pin that makes connection with the central rod.
Taking three turns of the oiled paper over the rubber post,
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and turning the lathe backwards or away from him, the
worker may start the winding over the oiled paper. The
first layer must have its turns separated % in. Over this

Hole for

25:322. Discharge ball

s s \\ \ \
82:2
rubber \ \ \’ \ s s
s 11s s7111 1do of

§ \ \ \

'+ i
‘

§_§
f‘ 1 1‘ \ \ Tb:

kilillilllll‘ \TL
“‘ Leads from primary L___/ 21:1,]whet Iith binding pas}: G

finding is done on bird rubbu' pun.
Layer of IL" 1' Iido

M arbor
hold in
11th. opinle r'n

susuul

I "Illm.

Oomut. 21rd. turn with ball rnd' anal".Eng): put of turd rubber

Fig. 41.——Details of the oscillation transformer

layer of wire are placed three more layers of paper; then
another of wire with turns spaced %

;

in. This is repeated
until 50 layers are in place, the turns being gradually
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placed closer together until, with the 50th layer, they are
separated only 1/32 in.

From this point on and until the 150th layer, which
completes the coil, has been wound, the turns may be

spaced about 32 to the inch. The layers should be but one
inch in width in order that a margin of % in. may be left
on either edge. The final layer of wire is to be covered
with 10 layers of oiled paper, the end of the winding being
brought out ready for connection with the primary.
The primary consists of 10 turns of copper ribbon, 1 in.

wide, wound spirally around the secondary pancake. Be—
tween the turns of the primary is a strip of corrugated
board such as is used for packing purposes. The finishing
end of the secondary is soldered to the starting end of the
primary and at this point a length o

f_ flexible lamp cord
connects to the junction of the two. The ten primary
turns are then wound and a tap of lamp cord taken from
the upper edge of each of the turns from the third to the
tenth inclusive. This provides a means of varying the pri—
mary inductance while tuning the apparatus. The final
primary turn is held mechanically by means of a wrapping
of several layers of oiled paper; the latter may be shel—
lacked in place.

Removing the coil from the lathe, we now have the
complete winding ready for impregnation with the com
pound already suggested for the condenser. The entire
coil is to be immersed in the molten wax for several hours
and, before its removal, the heat should be withdrawn in
order that the mass may partially congeal. As the wax
shrinks on cooling, it is essential that the substance be
permitted to contract within the coil.
While the winding is being treated, the worker may

build the box that is to contain the oscillation transformer.
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The case may be square and deep enough to permit of an
inch of wax above and below the coil. It is obvious that
the box must be wax—tight for the molten compound is to
be poured into this container. ,

Assembly.—For experimental purposes, the component
parts of the apparatus may well be mounted upon a com
mon base board. For portable purposes such as upon the
lecture platform or with the physician, a cabinet totally
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Fig. 42.—Suggestion for assembly of apparatus upon a common base board

enclosing the outfit will be found more satisfactory. The
method of mounting is optional with the individual and,
for the sake of simplicity, the apparatus is shown ready
for use on a base board in the appended drawing.
The connections will be clearly understood on refer

ence to the diagram in Fig. 36. For direct current work,
the large kicking coil is left in the circuit, while for use on
alternating currents, it is short circuited with the single

9
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pole, single-throw switch shown in the illustration. The
letters “A.C.” and “DC.” should be plainly stamped be
neath the respective clips of the switch as indicated in the

diagram to prevent possible confusion.
The capacity of the condenser is varied as may be

found necessary by means of the copper strips which are
forced into the clips projecting from the condenser case.
In operating the apparatus, the adjusting knob of the

interrupter should be in the “open” position. Turn the
current on and screw the contact in gradually. As soon as
contact is made, the interrupter will begin to vibrate and
a sputtering spark will form at the break of contact. The
operation should start with about half of the condenser
capacity thrown in and with half of the turns of the Oudin
coil primary in use. Perhaps a spark will be in evidence
at the ball terminal of the oscillation transformer if the
ground terminal is brought up to within a couple of inches
of the ball. If not, try an adjustment of the capacity in
the condenser or a variation of the primary turns. This
will show some improvement and the operator may then
screw in the vibrator contact a bit further; a considerable
increase in length and thickness of spark will result. A
further adjustment of capacity or inductance and a tenta
tive tightening of the contact will tune the apparatus per
fectly until the maximum results are obtained.
Electro-therapeutic Work—The outfit described is ad—

mirably adapted for light X-Ray and vacuum tube work.
If a D’Arsonval current is desired for auto-condensation,
the builder is strongly advised to make a second oscillation
transformer in which the primary has five turns and the

secondary ten turns of copper ribbon. This coil may be
simply constructed by Winding up 15 turns of V2 in. copper
ribbon in a flat spiral with a strip of the corrugated paper
between to insulate one turn from the other. The kicking
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coil current is sent through the inside turns, say up to
four or five, and the D’Arsonval current for the couch is
taken from the remaining turns. The diagram, Fig. 43,

l Outflow““pi-r;
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0081 for D'Arsonval tan-rout.h composed of a spiral winding
of ncpper ribbon in 15 turn

Fig. 43.—Coil for the production of D’Arsonval currents

makes this perfectly clear. The coil may be sealed up in a
flat wooden case with taps brought from the respective
turns of copper ribbon to binding posts on the outside of
the case.



CHAPTER IX.

ONE-HALF KILOWATT TRANSFORMER OUTFIT.

If the experimenter is the fortunate possessor of a sup
ply of alternating current from electric lighting mains, he
may well devote his energies to the construction and use of
transformer apparatus rather than bother with either the
induction coil or kicking coil outfits previously described.
The transformer is easily and cheaply made, and, in results,
it is, beyond any doubt, superior to any other device for the
charging of condensers.
The Core.——The transformer core is composed of thin

sheets of silicon steel which is prepared expressly for trans
former cores. The core is built up to form a hollbw rec
tangle as shown in Fig. 44 which gives the overall dimen
sions. The first step is to procure the silicon steel cut to
size; this procedure is recommended rather than attempt
ing to cut the large sheets in the home workshop. Unless
a gate-shear is available the job is a slow and very unprofit
able one as the pieces will not lie flat if cut with an or
dinary pair of tinner’s shears. The core irons may be pur
chased cut to size at a reasonable price.
The core irons are procured in two sizes, Fig. 45, for

the ends or legs of the core and for the sides or yokes. Of
each size, 230 pieces will be required. The windings are
placed on the shorter legs of the core, 1

'. e., the legs made

up of the 2x4% in. pieces. These pieces are to be built
up in two piles, the pieces being placed with ends over
lapping alternately first to the right and then to the left for

100
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a distance of 2 in. as shown in Fig. 45. When each bundle
has been built up to a thickness of 2 in., friction tape
should be wrapped around the center or winding space to

F‘_7. *2..“/
Fig. 44.—Core of transformer with dimensions

compress the sheets into a compact bundle. If the sheets
are clamped in a vise and the tape wrapped around the pro

jecting end, the core may be tightly bound as the bundle
is released an inch at a time.
After the two bundles have been formed, they may be

joined by interleaving the 2 x7% in. pieces to form a yoke
between the short legs. The fourth side of the hollow rect
angle is not to be built up until after the windings have
been placed in position.

M

flare xra/ar ,
250 par. 2‘x4j_
250 per. 2"ng

Fig. 45,—Short leg of core upon which winding is placed

Primary Winding—Fig. 46 gives the data for the pri
mary winding to use for any of the commercial frequencies.
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The core is so generously proportioned and the quality of
iron specified so good that the only change necessary for
use on various frequencies is in the number of turns of
wire.
The primary is wound upon the form illustrated in

Fig. 48. If the builder has a lathe, the form may well be
mounted upon an arbor or even upon the faceplate. The
No. 14 D.C.C. wire is wound upon a base of several layers
of oiled paper 2% in. wide. In preparing the form for the
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Fig. 46.—Data for primary winding

winding, a layer of cord is first wound over the wooden
drum, and the base of oiled paper placed over this layer of
cord. The object of the cord is, of course, to permit the
winding to be removed by pulling out the cord.
Between each layer of wire and its neighbor, four turns

of the oiled paper should be taken. This will make the
winding, firm and smooth and it serves further to aid in

the insulation. The winding, when completed, is given a
liberal coating of armalac. The starting and finishing ends
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of the winding are soldered to lengths of incandescent lamp
cord which are subsequently joined to the primary binding
posts.

Secondary Winding—The secondary data is given in
Fig. 47. This winding is of enameled wire and the method
of procedure is identical with that of the primary. The
same form is used and the winding started upon a heavy
layer of micanite sheeting cut 2% in. wide. In all, this
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Fig. 47.—Data for secondary winding

insulation should be about 33;; in. thick. The top turn of
micanite is covered with several layers of oiled paper, after
which the winding may start.

Before starting the paper turns over the micanite, the
builder places a strip of thin copper ribbon across the mi
canite. Over this the paper is wound. The starting end
of the fine wire is to be soldered to the tip of the copper
ribbon and as the layer of wire is wound, the ribbon is se—
curely held. The layers of wire in the secondary are to be
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2 in. wide to leave a margin of M1 in. on either side of the
wire. Two turns of oiled paper are taken over each layer
of wire before the next layer is wound. The finishing

layer of wire is terminated 1n a second copper ribbon which
forms the secondary lead for connection to the high tension
terminals. Over the final layer of wire, several layers of
oiled paper are wound to form a mechanical protection for
the delicate wire. The edges of the coil are well soaked
with armalac and the secondary is then ready to mount,
after the compound has dried.
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Fig. 48,—Winding machine for both primary and secondary

Assembling and Mounting..~—In Fig. 49 the complete
transformer is shown with primary and secondary in place
and the remaining core irons in position to complete the
magnetic circuit. The space between the winding and the
the core is to be partially filled with wooden plugs, care—
fully whittled to fit the space without forcing.
Fig. 50 suggests the mounting for the complete trans

former. The case may be of mahogany, oak or whitewood.
It is built to fit the transformer and as the windings for
different frequencies change the diameter of both primary
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and secondary, and consequently the length of the complete
transformer, the dimensions are not given in the drawing.
The core is gripped between lengths of wood and the latter
pieces are secured by means of screws passing through the
walls of the case.

'

SIDE IQONS FITTED 1N ONE. BY ONE

\\
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PL.AN

ELEVATION

Fig. 49.—The transformer assembled

The primary and secondary leads are brought to suit
able terminals in the case and the job is finished. For

safety to the transformer secondary, a permanent gap

should be affixed to thesecondary terminals as shown in
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Fig. 50. This gap is to be not more than V; in. in length.
Oudin and Tesla Coils—Fig. 51 suggests the design

for.a very practical form of Tesla coil that is easily and
cheaply built. Fig. 52 gives the data for an Oudin coil,
the construction of which is very similar to that of the
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Fig. 50.—Transformer in its case

Tesla. The description herewith will accordingly be de—
voted to a discussion of the latter type only.
With reference to Fig. 51, the base, 1, is of suitable dry

wood as is also the upright support, 2
. The dimensions
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Fig. 51.——Oscillation transformer composed of two Oudin resonators placed base
to base
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Fig. 52.—l')ata for Oudin resonator
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and details of these parts are given in Fig. 53. The up
right is secured to the base by means of stout brass screws

passing up through the base.
Upon the upright piece, 2, is mounted, on'either side,

the primary coil of the oscillation transformer. The com
plete coil is really two Oudin resonators placed base to
base with primaries and secondaries in series. The details
of the primaries are given in Fig. 11 and the reader will
note that the primary conductor is of edgewise wound cop
per strip, held in suitable supports of fibre. These sup

ports are detailed in Fig. 54 at 3.

Fig. 53.—Woodwork for oscillation transformer

The secondary coils are of 400 turns each, of No. 30
D.C.C. copper magnet wire, wound in a single layer upon
a cardboard cylinder 6 in. in diameter and 8 in. long. In
either end of each cylinder, a wooden head is affixed. The
details of the cylinders and heads are given in Fig. 55.
After winding the cylinders, the layer of wire should be
given five coats of shellac, each coat being dried out thor
oughly before the next is applied.
The secondary discharge rods are shown in detail in

Fig. 54, together with the clips which hold the ball on the
rod. The two primary coils are connected together as
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shown with the neutral point attached to a ground connec
' tion. The secondary windings are likewise connected to
gether and their neutral point grounded at the same place.

Condenser and Spark Gap—The condenser, Fig. 56, is
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Fig. 54.-—Details of primary, primary support, ball clip, and discharge rod

composed of three units of .01 mfd. each connected in mul~
tiple. Each unit is formed by coating both sides of 8x 10
photographic negative glasses with 6x8 in. sheets of tin
foil, and assembling ten of these plates into a bundle as
shown in the illustration. Lugs are brought out alter
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nately first to right and then to left in the usual manner
and these lugs soldered to a common connector on either
side of the unit.
The spark gap, Fig. 57, is simple in construction. This

design is quite satisfactory, however, for experimental work
on small—powered outfits. The electrodes are of battery
zinc, % in. diameter. A single zinc cut in two will answer
well. The electrodes are held in supports of brass rod,
suitably drilled and help upright upon a base that should
preferably be of marble. If marble is not available, hard

24'
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Jew/Mary cyl/ha’ers 2 rey'a’

Fig. 55.—Details of secondary cylinders

wood will answer. Slate should not be used as the minute
metallic veins found in some varieties render the substance
unsuitable for this purpose.
Connecting and Using—Fig. 58 shows how to connect

the apparatus. The spark gap is placed across the sec
ondary terminals of the transformer. The condenser is
inserted in one lead from the gap to the primary of the
Oudin 0r Tesla, while the other connection from the pri

mary goes back to the gap.
When the current is applied, the ball of the Oudin or
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the discharger of the Tesla should give out a large brush
discharge of purplish fire. If the first trial does not result
in this, try a variation of the primary turns of the oscilla
tion transformer. This, together with a variation of the
spark gap, will serve ultimately to bring the apparatus to
the point of resonance. The Tesla coil will give a full 16
in. spark with the y; k.w. transformer described in the early
part of this chapter.

The spark from the oscillation transformer is perfectly
harmless if taken through a metal rod grasped firmly in the
hand. No sensation of shock whatever will be experienced.

.3 UNITS OF
10 PLATES EACH

0 \q I
GLASS 6 X 10* FOlL6X6

Fig. 56.-Data for the condenser

If the discharge touches the bare skin, the current will
leaVe a blister if applied for any length of time in one spot.
Aside from this unpleasantness, no direful results may be

expected.

Whenever the apparatus is operated, the ground con
nection shown in Fig. 58 should be religiously made. This
connection will protect the windings of the low frequency
transformer and also the line wires and meter in the house.
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For further protection from “kick back” on the line, place
two small telephone condensers in series across the line
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Fig. 57.—Simple zinc spark gap

wires where they connect to the transformer and ground
the neutral point.

Fig. 58.—Diagram of connections

¢ ‘ 1 .
. _ “KW-3.1mm u....kam— ~ . -



CHAPTER X.

QUENCHED GAP APPARATUS.
‘

Comparatively few experimenters with high frequency
current phenomena and apparatus within the acquaintance
of the author have used the quenched gap in their experi—
mental work. Possibly this is due to the scarcity of data
on the construction of gaps adapted to the purpose; possi

bly to the lack of practical knowledge on the part of the
workers. High frequency apparatus is so easy to build,
and with a given expenditure of time and labor the results
are so great with even mediocre equipment that the casual
experimenter is likely to devote his hours to making the
sparks fly rather than to devise ways and means for in
creasing the efficiency of this apparatus with a correspond—
ing increase in the quality of the results obtained.
The Quenched Gap.-——The quenched gap to be de

scribed combines a number of very desirable features from

the amateur mechanic’s standpoint. It is admitted that
there are certain inherent defects in the design, but these
have to be tolerated in order that the gap may come within
the limits of the amateur’s shop equipment, which is
usually confined to a small bench lathe and a few other
tools. One improvement that might be made in the gap is

to be noted in connection with the means for adjusting the
distance between the electrodes. If the upper electrode 2
were cast in one piece integral with the hub or spindle 3 the
gap might be varied in length by threading the spindle
through the top frame plate 5. This construction presents

114
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some very fine machine work, and a screw-cutting lathe is
positively essential. Assuming that the latter tool is not
to be found in the average amateur shop, the design has

been modified so that the threading may all be done with
taps and dies, and the only lathe work required is the
facing-off and drilling operations that may be done in a
small bench lathe with a slide rest.
The effects produced with the high-frequency coil in

connection with a quenched gap are truly remarkable. In
stead of the thin, wiry spark ordinarily seen, the discharge
takes the form of a flame as thick as a man’s wrist when
conditions are right. At times the actual length of the dis
charge is reduced, but with everything in resonance an
increase both of thickness and length will be noted.
With reference to Fig. 59, which is a sectional view of

the complete gap, the reader will note the instrument is
comprised of two cast copper electrodes, 1 and 2, which
are held rigidly, with their faces only slightly separated.
The lower electrode is permanently secured to the lower
iron casting of the frame 6, while the upper electrode is ar
ranged to be raised or lowered by turning the insulated
knob 14, which is fastened to a brass bushing 13. The
spindle 3, which carries the electrode 2, is of cold-rolled
steel, threaded {g-IS for a distance of l-fig in., when it en
ters the electrode, then turned to V2 in. for the central
portion and finally threaded for 115;; in., with the 173-18 die
for the remaining portion.
The electrode is held from turning by the two steel

pins 7, which are driven, into holes in the electrode and
which slide freely in holes in the frame above. Obviously,
therefore, the movement of the upper electrode is a vertical
One without any twist or turn. The coiled spring 8, serves
to keep the necessary tension on the movement.

The builder will be required to do some simple pat
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tern making, but this need not alarm him. It is to be de
plored that the average amateur has such a pronounced

antipathy to anything in the nature of a pattern or a cast

ing, whereas the latter is frequently the simplest way out

of a given difficulty. The pattern for the electrode castings
is illustrated in Fig. 60. It is turned out of a block of
white-wood secured to the faceplate of the lathe, care being
taken to leave the extra stock on the edge to provide the

necessary draft. When the pattern has been turned out it
should be sent to the nearest foundry for a pair of copper
castings as nearly pure as the shop can supply.
Given the copper castings the worker grips N0. 1 in

the lathe chuck by the outer edge with the sparking face
of the casting next to the face of the chuck. A good chip
is taken off the projecting portion to remove the scale and
the face finished with a light cut. The centering tool is
then brought up in the tailstock and the casting centered.
A 3% drill is next run very carefully through the casting
and this is followed with the 175-18 tap, which should be
started with the tailstock center against it to insure ac
curacy. The hole threaded, the casting may be removed
from the chuck and laid aside temporarily while exactly the
same operations are done on the No. 2 casting. This latter
must also have holes drilled to take the pins 7 after the
casting has been removed from the lathe. So far the
worker will have faced off the hubs of the castings and pro—
vided the tapped holes for the spindles, and this in a man
ner that insures that the spindle will be truly at right
angles to the plane of the hub.
The next operation is to prepare the spindles for facing

off the sparking surfaces of the castings. The spindle 3
is first prepared. It is to be used as an arbor upon which
both castings are faced off. A piece of 19;; in. diameter
cold rolled steel rod is cut off 4 in. long and each end faced
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off and centered in the chuck, bringing its length down to

3% in. Holding the. rod in a dog between lathe centers,
a light cut is taken for a distance of 1% in., bringing the
diameter eventually down to {g in. after several cuts have

,,</
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Fig. 60.~Details of electrodes and frame plates

been taken. A slight cut is taken at the end to taper the
rod for starting a die on it and the rod is then placed in
the chuck with the turned portion projecting. Bringing
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up the 115-18 die with the tailstock face plate against it, the
die may be started with accuracy and the thread taken on
the spindle. In order to cut the thread quite up to the
shoulder of the unturned portion of the spindle, it will be
necessary to reverse the die‘taking the final cut or two with
the die on backwards. This completes the work on the
spindle for the present.
Before removing the spindle from the chuck, the N0. 1

copper casting may be screwed on. The spindle is then
removed from the chuck and replaced between centers with
the dog as before. The surface of the copper casting may
now be faced off with the assurance that it will be truly
at right angles with the spindle. The edge of the casting
may also be turned. The depression in the center of the
casting is cut 11; in. deep and 1% in. in diameter. This
casting finished, it may be removed from the spindle and
the N0. 2 casting put on. The facing cut is again taken,
the depression made, and the edge turned. The entire
spindle with the casting is now to be reversed in the lathe,
the casting first being pinned to the spindle on which it is,
of course, to remain. The drive this time is by means of a
stud projecting from the faceplate and engaging a screw
in the periphery of the casting; the hole in which the screw
is placed is subsequently used for the binding post, to
which the flexible cable is attached.

\ "

The spindle may now be turned to its finished diameter
of % in. for a space of 1% in., and from this point to the
end it is finished off to {g in. ready for threading. The lat
ter operation is accomplished as before by starting the die
with the faceplate in the tailstock.

The spindle for the lower portion of the gap casting is,
of course, threaded T’g-l8 throughout its length. This oper
eration is most easily done by gripping a piece of 1"; in. rod
in the chuck and threading to the required length before
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cutting off. As shown in the detailed drawing, Fig. 3,
the length of this spindle is 215;; in.
The frame plates 5 and 6 are iron castings. The pat

tern is a simple one that may vyell be cut out on a scroll
saw, the boss for spindle and the small elevation in each
corner being turned separately and fastened on with brads
and glue. The finished size of this casting is shown in Fig.
2. The one pattern serves for both castings, but the ma—
chine work on each casting differs slightly from that on the
other. As will be noted, the central hole in casting 6 is
tapped for the 173-18 spindle, while that on casting 5 is
drilled and reamed to provide a good sliding fit for the
plain portion of the spindle 3. The clearance holes for the
pins in the upper electrode casting are also indicated in
casting 5. A smooth file-cut on the corner bosses finishes
the machine work on the frames after all holes have been
drilled.
The four corner posts are of fiber rod % in. in diameter

and faced off accurately to 4%; in. in length. Tapped holes
are made in the ends for the %,-20 screws which fasten the
structure together.
The remaining details are obvious in construction. In

assembling the gap, the feet and four corner posts are first
secured to the lower frame. Then the lower electrode is
set up tightly on its spindle in the frame. The upper
electrode is placed on the lower and the coiled spring
slipped over the spindle. The top frame is next slipped on,
making sure that the pins engage the proper holes in the
frame. The driving home of the corner screws and screw
ing on of the insulated adjusting knob completes the as

sembly, and the builder is ready to see how well he has
done his work. The only “snag” is likely to be found in
the inaccuracy of the filed bosses on the upper frame. To
make a thoroughly good job these should have been faced



QUENCHED GAP APPARATUS 121

off in a lathe at the same time as the central hole was

drilled. To do this would require a 10-in. lathe, however,
and in view of the admitted restrictions mentioned in the

opening paragraphs it was thought best to omit this speci
fication. The facing off and drilling should by all means
be done on the faceplate if a sufficiently large lathe is
available.

Quenched__ Gap Transformers—The transformer for
use with a quenched gap is essentially the same as that
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Fig. 61,—Details of the small parts

used with the ordinary open gap. The one possible differ
ence worthy of mention is the secondary potential em
ployed. With the quenched gap, this potential may be
considerably lower; this change merely introduces an in
crease in the number of discharges per second. For certain
classes of work, this characteristic is of material advantage,
while for others it possesses no particular merit.
The principal advantages to be derived from the low

potential secondary are as follows: The discharge from the
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high frequency coil is thicker and hotter, although it is
not so long; the comparatively low potential secondary
is cheaply and easily built and insulation difficulties are les
sened materially ; for electro-therapeutic work, the quenched

gap in connection with the low potential transformer gives
a current of very high milli-amperage which is of value
in cases where the blood pressure of the body must be re
duced by auto-condensation in a short time.
The instrument to be described is of 2 k.w. capacity

and it delivers a secondary current at a potential of 2500
volts. The power factor is about 85 per cent. and at full
load the primary of the transformer draws 23 amp. from
the line on a llO-volt circuit. The winding specified is for
60-cycle circuits but the data for other frequencies may be
calculated as described on Page 27. As the construction of
transformers has been covered so thoroughly in preceding
chapters, no attempt will be made to COVer the method of
procedure.
The core of the transformer is 3 in. square in cross

section and the core irons are to be Provided in two sizes,

1
'. e., 3 by 8 in. and 3 by 12 in. Each leg of the core will re

quire 130 irons to build up the required three inches and

accordingly 360 pieces of each size of iron will be required
for the core. The core iron weighs approximately 94 lbs.
for this transformer. This core is generously proportioned
and the instrument may be overloaded to a considerable
extent without ill effects as the core is not worked nearly
to the point of saturation on a 60-cycle circuit.
The primary winding consists of 152 turns of No. 9

D.C.C. magnet wire wound on a round form. As the wind
ing space on the core is 5 in. the primary coil may be 4y.
in. in length overall to provide the necessary %

,

in. of space
on either side for insulation. The winding may be tapped
at the 125th, 135th and 145th turns if it,is desired to have a
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convenient means of over-loading the instrument. When
the full number of turns is in use, the instrument operates

at its rated capacity.
The secondary winding consists of 3,454 turns of No.

23 enameled wire wound in two sections. This winding is
also done upon a round form, the air-space between wind

ing and core serving to keep them both cool through the

medium of the extra radiation surface provided. Each sec
tion of the secondary winding may be wound upon oiled
paper 1% in. wide. The winding may be carried out to
within %; in. of either edge of the paper, which makes the
actual width of winding 1% inch. The two secondary sec
tions are separated by a disc of fibre or, preferably, mican
ite sheeting, the edges of which may be bent around to lap
over the pieces inserted between the secondary sections
and the core. For specific instructions on the winding of a
two-section secondary, see the transformer directions in
later chapters.
The magnetic leakage tongue may well consist of a

bundle of pieces of the core iron cut 3 by 4 inch. The
thickness of the bundle will depend upon the condenser
capacity used with the transformer and also upon the type
of gap employed. The correct amount can readily be de
termined by experiment, however, after the instrument has
been finished and put in operation.
Caution—The secondary winding of this transformer

'is of low resistance and it delivers a high potential current
that would most likely prove fatal if taken through the
body. For this reason, more than ordinary care should be
exercised in the handling of the instrument. If one takes
the precaution always to make sure that the main switch
controlling the primary current is quite open and so located
that it cannot by any possibility fall shut while the opera
tor is working with the transformer, no accident can hap
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pen. In the experience of the author, but one serious acci
dent has occurred in connection with this type of apparatus
and that was caused through the playful antics of a pet dog.
The control switch of the outfit was temporarily mounted
upon the floor and the canine came bouncing along just
as a connection on the rotary spark gap was being changed;
a swish of the dog’s tail and the switch came down, turning
on the low frequency, high potential current. The shock
was sickening but fortunately the body was well insulated

from ground as the floor happened to be dry. It is the
totally unexpected incidents of this nature that develop into

real accidents. The high potential current is something
that need not be feared, but it should certainly be respected.
The Condenser.—The oscillation condenser for this

type of apparatus may well be built up into sections of .01
mfd. each as described in former chapters. The total ca
pacity required will range from .04 to .08 mfd., depending
upon the number of turns in the primary of the oscillation
transformer and the type of quenched gap employed. As
the potential is low, the condenser is not subjected to the
strains that have to be borne by the usual type. The cur
rent is relatively large, however, and the plates are likely to
heat if the operation is maintained for any great length of
time. For all ordinary purposes of demonstration appara
tus, the single units connected in parallel to give the de
sired capacity will answer but if the coil is to be operated
for say half an hour steadily at a time, as is the case in
certain branches of electro—therapeutics, the series-multiple
connection, in which four times the number of units are
employed, should be used. For detailed directions cover
ing this condenser, refer to Chapter IV which explains the
various methods of connection.



CHAPTER XI.

PHYSICIANS’ PORTABLE APPARATUS.

The design of a portable high frequency outfit for the
use of physicians has been approached with some diffidence.
Such an outfit imposes certain requirements in"'skill and

workmanship that the amateur constructor is not likely to
possess.

The portable outfit, to be of practical value, must be
compact, light in weight, rugged in construction, and,

above all, reliable and very efficient in operation. This
means expert workmanship in the construction of the vari
ous parts and no little skill and ingenuity in their assembly
within a case of small compass. The greater difficulty will
be in the placing of the connecting ires and cables. These
leads must frequently be placed in locations that are seem
ingly inaccessible. Should a short circuit occur within the
case while the apparatus is in operation, the results might
be dangerous. A large measure of the success achieved by
electro—therapists has been due to their use of apparatus
that could be depended upon to work at the right time and
thereby to establish a feeling of confidence on the part of
the patient.
For the reason stated above, no attempt will be made

to describe the construction of a protable electro-thera
peutic outfit of the transformer type. The high tension
transformer is difficult of construction for the amateur in
the very small and compact design that is necessary in this
case. The kicking coil type of outfit lends itself admirably

125
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to the requirements of the practitioner, however, for work
at the patient’s bedside and such an outfit may readily be

constructed by the amateur worker who is the fortunate

possessor of a few tools and some ingenuity in their use.
Portable Kicking Coil Outfit.—In Chapter VIII, a very

good outfit of this type is described in detail. The specifi
cations call for the various parts of the outfit mounted

upon a common base of wood. For the purposes of the
physician, the entire outfit may readily be assembled in

a wooden cabinet with handle attached, or is may be built
into a small leather suitcase. The latter method is, per
haps, to be preferred as the container is more durable.
In building the outfit from the directions given in the

chapter referred to, the worker had best employ a mica
condenser in lieu of the glass sheets. The mica sheets
come in a thickness of about 1/32 in. and each sheet may
safely be split in two as the mica has a higher dielectric
value than the glass. The cost of the mica is, of course,
much higher than that of the glass but only half as much
of the mica is required. The exact number of plates re
quired is dependent partially upon the speed of the inter
rupter and the worker may well experiment as directed in
Chapter VIII to determine exactly the right amount of
condenser to use before he proceeds to build the box that
is to hold the plates.
The discharger post of the oscillation transformer may

prove so long that the apparatus will not go into a case of
reasonable size. If this is the case, the post may be cut off
an inch above the box in which the coil is mounted, and
fitted with a plug and socket connection. The arrangement
of the parts will suggest itself to the builder and no specific
instructions will be given owing to the fact that the size
of the cabinet or suitcase to be used will govern the precise
layout of the various instruments. The description of
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standard apparatus which follows will serve to offer a few
suggestions relative to suitable arrangement.
Standard Electro-Therapeutic Apparatus—The stan

dard apparatus now on the market has reached a high stage
of development and in many cases the physician will do
better to buy an outfit outright rather than attempt the
construction unless he' is exceptionally well supplied with
tools and facilities for good work. The portable outfits

Fig. 62.—Portable transformer outfit designed for vacuum tube treatment work

range in price from $75.00 to $185.00 and instruments at
the latter figure are arranged to operate on either alternat
ing or direct current. With the larger types of these
portable outfits, light X-Ray work may be done at the pa
tient’s home. This feature is of prime importance where
X-ray diagnosis is deemed advisable and where, at the
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same time, there is no other reason for moving the patient
to the hospital.
In Fig. 62 may be seen a reproduction of a portable

outfit that may justly lay claim to many unique features.
This is one of the lower-priced outfits but the price cannot
be taken as a criterion of its value. The outfit incorporates
an exceptionally fine control device'which renders it well
adapted to the requirements of the general practitioner or
the specialist who uses the usual high frequency modalities
in his work. The range of the apparatus covers everything
but the X-ray and the elimination of this feature in the
design is largely responsible for the low price of the outfit.
The outfit is of the transformer type and it operates

only on alternating current circuits; for use with direct
current, a rotary converter is necessary. The rotary costs
about forty dollars and its weight detracts from the porta
bility of the outfit. The main consideration for the pro
spective purchaser is, therefore, to determine whether the
current supply in the places'where the outfit is to be used,
is alternating or direct. If the latter is found to be preva
lent, a modified type of portable outfit selling at the same
price would serVe the purpose better.
The small transformer outfit described in the preceding

paragraph is designed for all classes of vacuum tube, fulgu
ration and diathermic treatments. For fulguration the out
fit is ideal as the fine control enables the operator to change
from a comparatively cold spark such as is used to produce
a dehydrating action, to a hot and caustic spark. The
principal feature of the control is found in the use of an
interchangeable pair of secondary coils on the oscillation
transformer. In addition to this, the “coupling” of the
primary and the secondary is variable, which introduces
a further refinement of control. One of the secondary units
or “inductors” as they are called by the manufacturer, is

‘ .J' F .i . ,QA-Ifil
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wound with comparatively few turns of coarse wire to pro
duce the hot spark for fulguration, while the other coil is
wound with a greater number of turns of finer wire to pro
duce the higher voltage necessary for vacuum tube work.
For diathermy where an exceedingly heavy current is

made to pass through a localized area of the body, the coil
is quite unique as it is capable of delivering a current vary—
ing between zero and 2,000 milli—amperes between the
diathermic electrodes.
Direct Current Outfits—Fig. 63 illustrates a treatment

Fig. 63.—Portable kicking coil outfit that will operate on either direct or

V
alternating current

outfit of the kicking coil type that sells for $75.00. _This
outfit weighs but thirty pounds, will operate on either
direct or alternating current circuits, and combines all of
the high frequency modalities with the exception of heavy
auto—condensation and X—ray work. True, it will do light
general diagnostic work as the potential is sufficient to
break down an air gap of four inches which is sufficient to

excite the average six-inch X-ray tube of moderate vacuum.
The outfit described is preferable to the transformer
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apparatus in the event that nothing but direct current is

available in the vicinity. N0 rotary converter is necessary
and if the physician chances to be in a neighboring town
where alternating current is unexpectedly found, the appa—
ratus is equal to the emergency.

For dentists this outfit is exceptionally well adapted.
It is excellent for the treatment of diseases of the oral
cavity and in addition it will make good radiographs of the
jaws with comparatively short exposure.
Large Portable Outfits—Fig. 64 illustrates an outfit of

Fig. 64.—Powerfu1 portable outfit comprising both kicking coil and transformer
for use on either direct or alternating current circuits

the highest grade which combines the features of porta
bility, reliability, and general utility to a degree not ap
proached by the smaller outfits. The price of this equip—
ment is $185.00 when arranged for both alternating and di
rect current use.

This outfit is capable of doing all manner of general
high frequency and X-ray work that may come within the
requirements of treatment at the patient’s bedside. The

various modalities can be obtained from the equipment as
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follows: Static spark, vacuum electrode, fulguration or con—
vective discharge, high frequency spray or effluve, Oudin,
Tesla and D’Arsonval currents, unipolar current, cautery
current, ultra-violet lamp (from alternating current circuits
only), and currents for auto-conduction and auto-condensa
tion, sufficient for all local treatments. In addition to this,
the apparatus is capable of giving very good results in
X-ray work of the lighter type such as making radiographs
of the extremities, fluorOscopic examinations for diagnosis
in cases of fracture, etc.
The outfit combines both a transformer and kicking

coil. The former is used on alternating current circuits and
the latter on direct. The operation is controlled by means
of a few switches and levers and simplicity is a character
istic of the equipment.



CHAPTER XII.

PHYSICIANS' OFFICE EQUIPMENT.

The construction of a powerful and efficient high fre~
quency and X-Ray equipment capable of meeting all the
requirements of the general practitioner is well within the
reach of the average amateur builder.
True, the apparatus will not be enclosed in a handsome

cabinet and the entire outfit will probably be somewhat
bulkier than the manufactured article. Furthermore, the
cost of the entire apparatus will probably be nearly as great
as that of a professional outfit purchased complete. The
amateur constructor’s principal reason for building his own
outfit will probably be the experience he receives and the
intimate knowledge of the component parts that he

acquires during the process of building.
The design for a l k.w. outfit comprising all of the

popular high frequency modalities is contemplated. Fig.
65 suggests the assembly of the various units upon a table
of conventional design. Of course, all of this apparatus
might be arranged within the walls of a cabinet, but for use
in the office where the outfit is seldom if ever to be moved,
the cabinet has no particular advantages over the simple
arrangement shown in the illustration. Furthermore, the
assembly on a table results in a most imposing array of
instruments all of which are readily accessible for adjust
ment or repair.
The complete apparatus is divided into two basic

groups, one of which is the exciting apparatus comprising
132
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transformer, spark gap and condenser, while the other

group embraces the oscillation or high frequency trans
formers, of which there are three. Of the latter, No. 6,
the first instrument on the left in Fig. 65, is a coil of the
Oudin type capable of producing a high frequency current

of moderate potential for vacuum tube work; high potential
current of very high periodicity for producing a spray or
effiuve; and a current of great intensity, moderate poten

tial and high periodicity for the removal of moles and

warts by means of fulguration. The maximum spark
length of this coil is about 3 in. The winding is coarse and
the coil may therefore be used for high potential auto-con—
densation work. The variation in frequency and potential
is effected by means of an adjustment of the number of

primary turns.
The coil shownin the center of the table, Fig. 65, is

designed for X-Ray work. This instrument is an oil—im—
mersed oscillation transformer which may be termed a
combination of the Oudin and Tesla types since two Oudin
coils are placed base to base to form a Tesla coil of sound
mechanical construction.
The X-Ray coil produces a thick and very hot 10 in.

discharge between the points connected with its terminals.
With a suitable high frequency tube, radiographs may be
made of any part of the body in a comparatively short
space of time.
The oscillation transformer at the right, No. 8 in Fig.

65, is intended for general D’Arsonval treatment and its de
sign is such that the work may be made to cover both auto
condensation and diathermy. The latter is a comparatively
new method of treatment which consists in'placing a plate
of metal on either side of the localized area to be treated
and passing a very heavy current of from 800 to 2,000
milli-amperes. The frequency, potential, and intensity of
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the current deliVered by this transformer may be varied to
an astonishing degree by placing the clips attached to the

Fig. 65.—Large electrotherapeutic outfit mounted upon a table
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flexible connecting cords on different turns of the winding.

This wide range of adjustment permits the operator to so

attune the apparatus that the circuits through the patient’s

body and the coil may be brought very clOsely to resonance.

Reference to Fig. 68 will disclose the wiring diagram
for the complete outfit. The reader will note that the leads
from the condenser and the spark gap are attached to two

_ copper tubes placed parallel with the X-Ray transformer
and supported in insulating pillars secured to the top of the

table.‘ From this tubes heavy flexible cables complete the
oscillation circuit through the primaries of coils 6, 7, and 8.
The thoughtful reader will, of course, understand that

one coil is Connected in the circuit at one time; this permits
of a concentration of the full output of the exciting appa
ratus upon the particular coil in use and obviates the

necessity of dividing the energy among the several instru—
ments, only one of which is used at one time. Two spark
gaps are specified in the assembly, Fig. 65. The gap “4” is
of the conventional stationary variety with nickel steel or
silver electrodes, while the gap “3” is of the rotary type
with zinc stationary and aluminum rotary electrodes re- -

spectively. The rotary gap is used for the X-Ray and
D’Arsonval coils, while the stationary gap is best adapted
for the Oudin Coil, No. 6. The current delivered by the
latter 'coil must be under perfect control and in certain
classes of vacuum tube work it is necessary that a delicate
and perfectly steady high frequency spark be employed.
The stationary gap suggested will enable the operator to
adjust his current with such delicacy that the spark may
be brought from a velvety spray a quarter of an inch in
length to a hot, 3 in., caterpillar discharge simply through
an adjustment of the length of gap, variation of primary
turns and changes of the current regulator on the low fre-r
quency transformer. The rotary gap is intended for long
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continued treatments where the apparatus is working at
approximately full power during the entire length of time.
While the stationary gap is in use, the disc of the rotary
is turned so that the electrodes are opposite the open

spaces in the periphery of the disc; when the rotary gap is

to be used, the adjustable electrode of‘the stationary gap is

merely opened until the spark prefers to pass by means of
the rotary.
A useful accessory to the apparatus is shown mounted

on top of the D’Arsonval coil, 8. This is a hot wire meter
that will indicate accurately the amount of current passing
through the patient’s body while the D’Arsonval treatment
is being given. The design for a simple hot Wire meter is
given in the next chapter for the sake of completeness, but
in view of the fact that a standard instrument of the type
shown in the illustration can be purchased for $12.00, the
amateur builder is scarcely justified in attempting the con
struction.
The low frequency transformer, 2, which converts the

residence lighting current into a high potential one suitable
for charging the condenser of the outfit is a standard mag
netic leakage instrument with a variation in the number
of turns in the primary. The alternating current supply
from the house mains is connected with the knife switch
shown directly above the transformer and from the switch
a cable leads to the low-tension terminals of the trans
former. The snap switch controls the rotary spark gap
motor.
The condenser is the glass plate type arranged in sec

tions or units which may be connected in multiple one
section at a time by means of the single pole knife switches
shown on the top of the cabinet (5 in Fig. 65).
For the sake of clarity and simplicity, the construction

of the various instruments that enter into the assembly of
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the outfit is divided into eight sections, each part bearing
an appropriate heading. The numbers preceding each head—
ing correspond with the numbers assigned to the various
instruments shown in Fig. 65 which represents the ground
covered in the first part of this chapter.

The Magnetic Leakage Transformer.
The Rotary SPark Gap.
The Stationary Spark Gap.
The Oscillation Condenser.
The Vacuum Tube Treatment Transformer.
The X-Ray Oscillation Transformer.
The D’Arsonval Oscillation Transformer.m

so
w
sw
w

Magnetic Leakage Transformer.—This transformer is

of l k.w. capacity and the data is given for windings suit
able for use on 110 and 220 volt alternating current cir
cuit having periodicities of 25, 60, and 125 cycles. This
data will be found in Fig. 2 which gives the details of the
transformer The specific instructions for the building of
the instrument apply only to the 60 cycle, 110 volt winding

' as that is the one most commonly used.

The core is a hollow rectangle of laminated silicon
steel built up by placing rectangular pieces of the steel with
ends overlapping alternately to the right and left as shown
in the drawing marked “assembly.” Two sizes of core
pieces will be needed, namely, 2x5% in. and 2x6% in.
and 340 pieces of each size will be required. The magnetic
leakage tongue shown in the center of the core is a bundle
of 90 pieces of silicon steel cut 3 in.x3% in. The silicon
steel for the core may be purchased cut to size and ready
to assemble, if desired, and this course is the wiser one to
pursue if the constructor is not possessed of a gate shear.

The 2x5% in. pieces .of steel are to be divided into
two equal piles and each pile assembled with the strips
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alternating to such an extent that the overlap is just 2 in.
The assembled pieces may be clamped in a vise and tightly
bound from end to end with friction tape, releasing the
core an inch at a time as the binding proceeds.

The winding is done directly upon the core in the case
of both primary and secondary. The illustration suggests
how this may be accomplished. Two blocks of wood are
prepared with recesses to take the ends of the core strips

r—3

‘1
THlS CORE
FOE.

2.5, 60 09.125
CYCLES

. ASSEM BLY

CYCLES DQl MAQY SECONDARY

35' 400 TURNS leaoon
no.1a o.c.c. no. so in

60 2.00 TUQNS 64-00 Tu
No.11 D.C.C. No.55 EN.

125 100 TURNS 42.00 Tu
N011 o.c.c. NO. as“.

Fig. 66.—Data for the magnetic leakage transformer

in order that the core may be held in the lathe for winding.
The primary winding consists of 200 turns in all of
No. 11 D.C.C. wire tapped at 110, 140, 170 and 200 turns.
The winding is 27 turns per layer and the first layer of
wire is wound upon two thicknesses of micanite wrapped
over the core. A single turn of micanite is placed between
layers of wire to insulate the winding and to keep the latter
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uniform. A convenient method of making the taps in the
primary is to solder a length of copper ribbon to the proper

turn, insulating the ribbon thoroughly with paper where
it passes between adjacent turns. To this tap of copper
strip, a flexible stranded cable may be soldered and carried

to the switch on the outside of the transformer case.

When the primary winding is finished it may be given sev
eral coats of armalac and permitted to dry.
The secondary is wound in two sections upon the other

leg of the core. Each section has 4,200 turns of No. 28

enameled wire which is wound in layers 1 in. wide with
layers of oiled paper 1% in. wide, between. The precise
manner in which this winding is done has been covered so
thoroughly in other chapters of this book that to reiterate
the instructions would be superfluous.
When the windings have been completed, the core is

assembled by fitting in the longer core pieces in the spaces
left between the projecting ends of the cores containing
the windings. This is rather a tedious job, but with the
aid of a small hammer judiciously applied, the magnetic
circuit may be completed without undue labor. The mag
netic leakage tongue is wedged between the yokes of the
core by means of wooden strips. The complete trans
former is mounted within a wooden case, the dimensions of
which have not been given.
The Rotary Spark Gap.-—-This gap may be of the stock

variety sold by many wireless supply houses for use in
connection with amateur transmitting sets of from one—
half to one k.w. capacity. The design presented in Fig.
65, however, is simple of construction and in use it will be
found superior to some of the manufactured articles now
on the market.
The rotor is a disc of M; in. aluminum, 6 in. in diame_

ter, and having 12 semi-circular sections removed from its
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periphery, thus leaving a series of 12 teeth, each tooth pre

senting a surface of M; x% in. to the stationary electrode
mounted on either side. The rotor disc is fitted to a fibre
bushing and this bushing is mounted upon the shaft of a

small alternating current fan motor, which should have a

speed of approximately 1,800 rpm.
The stationary electrodes are lengths of 3

%
;

in. zinc rod

threaded and tipped with large disc of fibre to serve as
adjusting knobs to vary the gap between the electrodes

and the disc.
The entire apparatus is mounted upon a substantial

base of dry wood.
The Stationary Spark Gap.-This gap may be a stock

one purchased from a wireless dealer or it may be con
structed to order. The design given in Fig. 65 covers a

gap of substantial proportions and one that is designed for
continuous operation. The gap consists essentially of the
two nickel steel or silver electrodes, mounted upon threaded
rods, and supported by square brass pillars of suitable

pnoportions. One of the threaded rods is fitted with a

large fibre handle for purposes of adjustment. Radiators
consisting of discs of brass separated by washers are
mounted in back of the electrodes in order that the latter
may be cooled. The construction is so clearly shown in
the drawings that no further description is deemed neces
sary.

The Oscillation Condenser.—The condenser comprises
four units of .01 mfd. capacity each, so arranged that they
may be connected in multiple one at a time by closing the
three single pole knife switches mounted on the top of the
cabinet. The connections are clearly shown by the dia—
gram in Fig. 68.
Each unit of the condenser is composed of 10 plates of

8x10 photographic negative glass coated on both sides
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with 6x8 in. sheets of tin foil with lugs projecting alter
nately first on one side and then on the other as the units

are assembled. The construction of this type of condenser

is thoroughly covered in other chapters of the book.

The Vacuum Tube Oscillation Transformer.—-This os

cillation transformer is of the Oudin type comprising'a
secondary of 200 turns of No. 18 annunciator wire in a

single layer wound upon a cardboard cylinder 8 in. in di

ameter and 13 in. long, and a primary helix of 10 turns of

edgewise wound copper strip having an inside diameter of

10% in. The primary turns are supported by rectangular
pillars of fibre or hard rubber preferably mounted upon an
independent base in order that the complete transformer

may be removed from the table without difficulty.

The top turn of the secondary winding is connected
with the brass ball surmounting the coil while the bottom
turn is connected with a common ground terminal which

is mounted upon a copper bar running the entire length of
the table. The bottom turn of the primary helix is like
wise connected with this ground terminal.

The X-Ray Oscillation Transformer.-—This coil is of
the oil—immersed type. Fig. 67 shows clearly the method
of construction and the reader will note that the trans
former is a combination of the Tesla and Oudin types.
Two secondary coils are wound upon 6X8 in. cylinders of
cardboard and the winding is to be of No. 22 D.C.C. wire
wound in a single layer until 200 turns are in place on each
of the cylinders. The turns are either to be spaced- in a
lathe or else wound with a coarse thread between, for it is
essential thatthey be separated fully the thickness of a
piece of the wire in order that the very high potential be
tween turns may not puncture the insulation. Both sec
ondary coils are, of course, to be wound in the same direc
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tion as one coil is to be a continuation of the other when

they are placed end to end.
The two secondaries are secured to the central piece

of wood which is fastened to the cover of the case that
contains the transformer. The outside ends of the second
ary winding are connected with rods leading to the dis
charge balls of the coil while the inside ends are, of course,
connected together, a wire passing through the supporting
board for this purpose.
The primary is composed of 8 turns of edgewise wound

Fig. 67.—Oil-immersed oscillation transformer for X-Ray work

copper strip 7% in. inside diameter. The helix is divided
in the center in order that 4 turns may be placed on either
side of the wooden piece upon which the secondary cylin
ders are mounted. The primary turns are mounted upon
slotted fibre supports in the usual manner. A tap consist
ing of a length of heavy incandescent lamp cord is soldered
to each of the 3 outer turns on both sides of the helix and
brought to its proper terminal in the cover of the case.
The containing case should be of rather heavy stock
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and lined with sheet zinc with corners carefully soldered.
The reader will note that when the cover of the case is re
moved the entire coil comes out with it and there is ac

cordingly no necessity for attempting to make any connec
tions underneath the oil which fills the zinc-lined case.
When the mechanical work on the transformer is fin

ished, the cabinet may be filled nearly full of transformer
oil, or if this is not available, double-boiled linseed oil may
be employed. The oil should be made very hot before the
transformer is lowered into it in order that the air may be

expelled.

The essential details of construction are clearly shown
in the drawing, Fig. 67. Further discussion is not deemed
necessary. \

The D’Arsonval Oscillation Transformer.——This is a
standard “loose coupled” helix of the wireless type and it
may be purchased complete for $12.00. It is simple of con
struction, however, and the builder, if he so desires, may
purchase merely the edgewise wound copper strip, making
the slotted hard rubber supporting posts and the wooden
heads in his own work shop. The copper helix is 7% in.
in diameter and the strip may be purchased already wound
at 15 cts. per turn. The primary or lower portion of the
transformer comprises 8 turns while the secondary or upper
portion contains 22 turns. There is no electrical connec
tion between the two, the closed oscillating circuit taking
in the primary while the patient’s body is connected with
the secondary.

Assembly.—The entire lot of apparatus is assembled as
shown upon a substantial table fitted wtih a shelf beneath.
Fig. 68 gives a complete wiring diagram for the entire

group of apparatus. The connecting wires should be of
heavy stranded cable which may conveniently be made by
grouping four or five strands of heavy incandescent lamp



144 HIGH FREQUENCY APPARATUS

cord together and binding them into a cable with tape or
fishline, and soldering the ends into suitable lugs. The

variable connections to the turns of the primary coils may

be clips of the conventional variety. The drawing suggests

2 G) A? @569V .3

n n HCQ

@
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©

EM ( cm. ruse: 9.1g
GROUND

Fig. 68.—Diagram of connection for the entire outfit

a clip of suitable design. The ground connection is abso
lutely essential and care should be taken to see that the
ground terminal is connected with the nearest water pipe
whenever the apparatus is to be set in operation.



CHAPTER XIII.

A PHYSICIAN’S OFFICE EQUIPMENT MADE
WITH STANDARD MATERIALS.

The materials used in the outfit described in this chap
ter can be purchased on the open market from the various
electrical and supply houses. In this way a very inexpen
sive and highly eificient outfit can be put together.
The complete set of apparatus is shown in' Fig. 69.

'

Fig. 69.—Complete, homemade ofiice outfit for physicians’ use

This may be said to represent the essentials of the equip
ment without the trimmings such as controlling devices,
electrodes, treatment chair, etc. The apparatus as shown
will produce the high frequency current required for auto
condensation, X-Ray or vacuum tube treatment. The con
taining case or cabinet, controlling switches, etc., will
form the subject of the latter part of this chapter.

145
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From left to right in Fig. 69 we see the transformer,
stationary spark gap, rotary spark gap, condenser, and os

cillation transformer. To define the terms just given we
may say that the transformer receives the commercial al—

ternating lighting current from the house mains at a volt
age of 110 or that commonly used for running motors and
lighting lamps in the house. The transformer converts this
low potential current into one of several thousand volts

pressure at the secondary terminals of the instrument.
This high voltage current “charges” the condenser which
consists of two groups of metal plates separated by plates
of insulating material. When the charge in the condenser
reaches a certain critical value, the current leaps across the
electrodes of the spark gap, thereby setting up electrical
oscillations or a high frequency current in the circuit con
necting the condenser and spark gap.
Now, the high frequency current generated in this cir

cuit is of comparatively low voltage, so we must utilize the
principle of the transformer once more to “step up” the
voltage to that required for X-Ray and treatment work.
To do this we include in the oscillatory circuit a coil or
spiral of brass or copper ribbon, having four or five com
plete turns, each turn separated from its neighbors by in
sulating material. This forms the “primary” or low-ten—
sion side of an oscillation transformer. To produce a very
high voltage, high frequency current, we have merely to
place within this primary a cylinder or cone of cardboard
wound with a single layer of insulated copper wire, con
necting the lowermost turn of the cylinder or cone winding
with the inside turn of the primary. From this secondary
coil we may take a current of perhaps hundreds of thou
sands of volts, depending upon the number of turns in its
winding and upon the relation of its winding to the balance
of the circuit.
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The transformer and condenser are shown in Fig. 70.
The current is applied to the primary at the left and taken
from the secondary at the right of the transformer. Pri
mary and secondary are merely coils of very coarse and
very fine copper wire, respectively, thoroughly insulated
and mounted upon a core or hollow rectangle of silicon
steel built up from thin sheets placed one upon the other.

Fig. 70.——The complete transformer and condenser

In Fig. 71 is shown the rotary spark gap and beside it
the small stationary gap. The rotary gap is used when the
apparatus is working at its full power for the production of
a long and powerful spark for use with an X-Ray tube.
The smaller gap is used for vacuum—tube treatment work
where a small and very mild current, under perfect control,

is used.

Fig. 71.-—-The rotary and stationary spark gap

Fig. 72 shows the oscillation transformer which steps

up the high frequency current. In Fig. 73 is shown the
winding machine, of wood, upon which the cardboard cone

is wound.
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The oscillation transformer may be purchased, but it is
so easily constructed that the builder is advised to attempt

it. The first requisite is the cage upon which to do the
winding. The construction is obvious. Three discs of

Fig. 72.—The complete oscillation transformer

wood are cut by means of a scroll saw and mounted upon a

length of dowel rod which is in turn carried in the simple

wooden uprights which form the bearings. Slats of thin

wood are then nailed to the discs to form the conical cage.

Fig. 73.—The improvised winding machine

In forming the paper cone, red rope insulating paper
should be used. This paper is heavy and stiff and it has
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excellent insulating properties. A disc of paper of the cor—
rect size to form the cone should first be cut. The size of

the cone may be varied within reasonable limits in the

event that the builder may have some substitute for the

winding rig shown. However, it is well to adhere as

closely as possible to the dimensions given here. This
cone is 4 in. across the top, 12 in. at the base, and 15 in.

high at the perpendicular.

Some assistance will be required in rolling the disc of

paper into a cone or cornucopia before slipping it upon the

form. The final trimming may be done when the cage or
form is inside. Glue may be used to hold the edges of

the paper together, but we recommend the use of shellac or

some other insulating compound as the water in the glue is
likely to cause trouble. When the adhesive is thoroughly
dry, the seam may be sandpapered smooth and the entire
surface of the cone coated with shellac preparatory to
winding.

The winding for this size of cone is a single layer of
No. 22 double cotton covered magnet'wire. The winding
is started at the smaller end of the cone, small brads being
driven part way into the slats at the end of the cone to pre
vent the succeeding turns of wire from forcing the first
ones ofl’ as the winding proceeds. The base of the winding
rig should be firmly secured to the work table before start—
ing in.

'

When a single even layer has been placed, the end of
the wire is secured by passing it through the cone and
plugging the hole with a toothpick dipped in shellac.
Then the entire surface of the winding is thoroughly
coated with shellac, care being taken to see that the fluid
soaks well into the insulation of the wire. When this coat
is thoroughly dry, paint a second time and a third. Make
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sure that each coat is perfectly bone dry, however, before

starting the next.

When the winding is finished, attach a wooden disc to
the top of the cone and to this a bed-post ball of brass.
Solder the topmost end of the winding to this ball. Sol—
der a piece of flexible lamp cord to the lower end of the
winding and secure in place so that the fine wire will not
unwind in use. The oscillation transformer is not com—
plete with the exception of its primary which is so simple
as to need very little description.

The primary is merely four turns of brass or copper
ribbon, of about No. 26 gauge, and one inch wide, wound
into a spiral 15 in. inside diameter, with turns separated

Fig. 74.—The coil used for D’Arsonval and Thermo-Faradic treatments

by a strip of corrugated paper packing. Bindings of tape
at frequent points hold the turns together. Connection to

the turns is made by means of brass clips formed by bend

ing pieces of the brass ribbon in two and soldering a piece
of lamp cord to the top of the clip thus formed.

The coil used for D’Arsonval' and Thermo-Faradic
treatments is shown in Fig. 74. The smaller ribbon spiral
is in this case made to displace the conical secondary as a
lower potential is required. In the next article, the con—
struction of a more efficient form of D’Arsonval coil will
be described.
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This completes the description of the essential parts
of the apparatus.
The cost of the apparatus will depend upon the size

of the outfit; that is to say, upon the power of the equip
ment. For instance, for light tube treatment and auto-con
densation work in a patient’s home, it would be absurd to
build an outfit of the power of that shown in our illustra
tions. One quarter of that power would be sufficient. For
the physician’s office, however, where an X-Ray picture
may have to be made of any part of the body, the larger
power is worth while, particularly as such an outfit is not
very expensive.
For convenience, we have divided our estimates into

groups of %, y,, and l kilowatt, in size. The oscillation
transformer may remain the same for all and as its cost is
represented chiefly by the builder’s time, this item is not
listed. Neither is the cabinet to be described. We have
listed only the items it will be necessary for the builder to
purchase outright before starting construction:

One—quarter Kilowatt:
Transformer, magnetic leakage type . . . . . . . . . . . . . .$ 20.00
Rotary gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.50
Condenser, six sections at $3.00 each . . , . . . . . . . . .. 18.00
Stationary gap . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . 3.00
Safety condenser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.50

$ 63.00

One-half Kilowatt:
Transformer, magnetic leakage type . . . . . . . . . . . . ..$ 30.00
Rotary gap . . . . . . . . . . . . . .' . . . . . . . . . . . . . . . . . . . . . . . l7.50
Condenser, five sections at $4.00 . . . . . . . . . . . . . . . . .. 20.00
Stationary gap and safety condenser . . . . . . . . . . . . .. 7.50

$ 63.00
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One Kilowatt:
Transformer 60.00

Rotary gap 17.50

Condenser . . . . . . _ . . . . . 30.00

Stationary gap and safety condenser...... . . . . 7.50

$115.00

In these estimates, the transformer is quoted in the un
mounted condition. There is no need for paying several
dollars for a mahogany cabinet that cannot be used in the

(lug ISM, r'fno
olher 672: 13

i: 5pca'fi'ea’.

Fig. 75.—Complete details of the cabinet for the outfit

outfit. The condensers are made in two sizes, namely,
.0017 mfd. and .002 mfd. The latter are larger and
stronger and are therefore used in the large outfits. The
rotary gap is the same for all outfits as are also the station
ary gap and protective condenser. The latter is necessary
to protect the house wiring from danger.
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The details of the cabinet are given in Fig. 75. The
box may be constructed of mahogany, oak or white wood

stained and finished to suit the taste of the builder or to
harmonize with the furniture in the office. All of the nec
essary details of the cabinet are given in the drawing and
it is believed that further description will be unnecessary.
Fig. 76 shows the cabinet with cover shut down and

the following instruments mounted upon it: operating key,
impedance and primary regulators, rotary gap, switch and

Fig. 76.—The cabinet closed

controlling rheostat, single pole, single throw knife switch,
stationary gap, and inductance coil.
Referring to Fig. 77, we have an enlarged view of the

left—hand end of the cabinet with impedance coil removed
to show method of mounting. This coil consists of a core
of iron wire made up into a bundle 2 in. in diameter and

7% in. long. On this core is placed a single winding con
sisting of 700 turns of N0.-14 D.C.C. wire disposed in even

layers and with eight taps taken out of the winding at the
last eight layers. These taps, together with the starting
and finishing ends of he coil make ten leads in all to be
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connected with the contacts of the impedance switch on the
cover of the cabinet, The object of this impedance is to
reduce the amount of current flowing through the primary
of the transformer, when operation at full power is not de
sired. The impedance, furthermore, makes it possible to
produce some very curious and valuable phenomena in
connection with the high frequency discharge.
The protective device, consists of two standard con

densers of the telephone type, having 2 mfd. capacity each,

Fig. 77. Method of mounting impedance coil

connected in series, with the outside leads placed across the
primary supply wires and the neutral point grounded.
This protective device can be purchased in the open mar
ket about as cheaply as it can be constructed by the ama
teur. Its use is absolutely essential to the safety of the
apparatus and the house wiring.
The high tension transformer is secured in the cabinet

by means of wooden clamping pieces clearly indicated in

the drawing. At the end of the first layer of the primary
winding, 9. tap of flexible cable is soldered. This will be of
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great service in connection with the impedance in produc
ing such effects as the spray or effluve so desired by many
practitioners. The secondary leads from the transformer
make connection with the ends of a pair of brass rods
which pass through the partition and directly over the con
denser. Across these rods is also secured a safety gap
comprising two pieces of flat brass strip, so arranged that
the space between their ends is not greater than % in.
The rods should be insulated from the cabinet and the

partition where they pass through the walls by means of

Fig. 78.—Cabinet, showing controlling switches

hard rubber or composition bushings such as are used in

incandescent lamp sockets. These rods pass directly
through the end of the cabinet where they terminate in
binding posts from which the desired leads may be taken.
The mounting for the condenser is so arranged that a

free circulation of air is produced between the sections and
around them. This is essential if the outfit is to be placed
in long continued operation.
The diagram of connections for the entire outfit is

given in a separate drawing.
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Referring to the illustration Fig. 76, we note that all of
the controlling switches and other parts which require ad
justment are located on the cover of the cabinet. The
standard wireless key at the left is of course placed in
series with the transformer primary circuit. Fig 78 is an
enlarged view of this end of the cabinet and it shows
clearly the arrangements of the controlling switches. Fig.
79 is an enlargement of the right-hand end of the cabinet
showing how the rotary and stationary gaps are placed in

multiple merely by closing the small knife switch. For all

“mitt

Fig. 79—The cabinet, showing the spark gap

currents at full power or thereabouts the rotary gap is used.
For the more delicate currents such as that required for
vacuum tube treatment, the stationary gap is employed.
By using the full impedance and closing in the stationary
gap, a spark a fraction of an inch in length and so mild
that it may be directly applied to the bare skin without any
pain whatever may be produced. From this we may go
to the other extreme by opening out the stationary gap,
starting the rotary, and cutting out all impedance. This
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will give us the crashing flame shown in some of the illus—
trations of the discharge.
The inductance is placed in series with the primary of

the oscillation transformer or Tesla coil. This inductance
consists of 20 turns of No. 10 bare copper wire, wound up
on a cardboard drum or cylinder, and with each turn sep—
arated from its neighbors by a generous space. This wind
ing may be done by winding two turns of heavy cord in
parallel with the wire, removing the cord after the winding
is finished. A substantial sliding contact is mounted upon
the wooden coil ends, as shown clearly in the illustration
Fig. 79. This coil is of great service in obtaining reson—
ance by tuning the oscillation circuit.

Fig. 80——A standard form of Tesla coil

A form of Tesla coil available in the open market at
a reasonable price is illustrated in Fig. 80. The construc
tion is simple and believing our readers might care to

build one, we are giving herewith the specifications. The
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primary consists of six turns of edgewise wound copper
This helix.is divided intostrip 10% in. inside diameter.
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two parts of three turns each, connected together in the

middle and mounted upon bakelite posts on either side of

the central upright piece which is of wood. The secondary
consists of two cardboard cylinders wound with a single
layer of No. 24 double cotton covered wire, the winding
covering the entire length of each cylinder with the excep
tion of an inch at either end. This winding must be very
thoroughly filled with shellac, layer after layer being put
on, and each one being thoroughly dry before the next is

applied. The secondary coils are joined at the center and
this point connected with a binding post which leads to the
ground wire. The outer ends of the winding lead to the
discharge rods shown in the illustration.
A complete wiring diagram for the apparatus described
in this chapter is given in Fig. 81.



CHAPTER XIV.

HOT WIRE METER CONSTRUCTION.

A Hot Wire meter is the most easily and cheaply con
structed of all practical electrical measuring devices. It
may be used either as an ammeter, or in series with a re

sistance, as a volt-meter, on direct or alternating current of

any frequency, and it is the most satisfactory high fre

quency current measuring device known.

The principle upon which a hot wire meter operates is

the expansion of metals when heated. The current passes
through a long, fine wire “element,” which becomes longer

when heated by the traversing current. The one end of
this wire element is fixed stationary, while the other end is

attached to a lever, which acts as an “indicator.” In this
way the linear expansion of the wire causes a movement

of the indicator which is proportional to the square of the

current.
The instrument here described will give very good re

sults and it may be constructed at a minimum cost. Its
current carrying capacity and sensitivity may be varied by
changing the cross-sectional area or material of the wire
used. Platinum alloy wire is generally used on commer~
cial instruments on account of its high melting point, but
for experimental work, copper wire will very often answer
very well. The higher the resistance and the greater the
co-efficient of expansion of the wire, the more sensitive the
instrument. The higher the conductivity of the wire, the
greater the current it may carry for a given cross-sectional
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area. The temperature of the wire should not go too high.
because the higher the temperature of the wire above that
of the surrounding atmosphere, the greater the loss of heat
by radiation, and hence the greater the inaccuracy of the
area of the wire must be determined by the current and
use for which the instrument is intended. It is best to
instrument. Therefore, the material and cross-sectional
experiment with several wires to find which is best adapted
to the purpose.
The hot wire meter is absolutely “dead-beat,” i. e., the

pointer does not fluctuate but comes to an absolute rest

Q
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Fig. 82.—Meter with cover removed

as soon as it reaches the extent of its travel. To offset this
pronounced advantage, the instrument is slow to

record.
The hot Wire eleme'nt takes a certain amount of time to
assume its final temperature and degree of expansion and

the pointer moves slowly over the scale. If_a very fine
wire is used for the element, the action is hastened and the

inability of the fine wire to carry any great amount of cur
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rent be overcome by using a shunt across the meter term—

inals.
Fig. 82 shows the meter in a plan view while Fig. 83

gives an idea of the movement. The hot wire, 1, is sup
ported between two posts, 2, 2, to which the-current is
applied. Attached to the center of the hot wire by means

of a fine wire hook 3, is a length of silken thread which

passes in three turns around the spindle of the pivot 4,

which carries the pointer. This spindle is taken from an
old alarm clock. From the spindle. the silk passes to the

4

07er Mraad
fermma/e' .s In

fliread 3 lam; M"? 4004‘

around pl'ya/

Fig. 83.—Movement of the hot wire meter

end of a coiled spring 5, which is, in turn, held by a low

post. When the wire element is heated, it lengthens and

permits the silken thread to be drawn forward by the ten

sion of the spring, turning the spindle and moving the

pointer over the scale at the same time.

The dimensions given in Fig. 82 are not hard and fast,

but they are good in that they produce a meter of tested

efficiency and value. Fig. 84 suggests the method of

mounting the pivot which carries the pointer. The bridge
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is bent up of brass strip and the lower bearing is passed
through the base of the meter.
The meter may be covered with a suitable case, pre

ferably of wood if the instrument is to be used on high
frequency currents. The mechanism is, of course, covered
by the case which has an opening cut in it to show the
scale. The latter should be made as the instrument is
calibrated. If no standard meter is available for calibra
tion, the values may be placed on the scale with fair accur
acy if a bank of l6-candlepower carbon lamps is available
on a llO-volt circuit. Each lamp takes approximately V2

Fig. 84.—-The Meter pivot. Showing connections for calibration

amp. and by adding one lamp at a time and marking the

scale in half ampere divisions, a fairly correct scale will be
the result. Various shunts should be experimented with
during the first tests in order that the correct one may be
permanently connected across the binding posts of the

meter. If the meter is to be read from 0 to 10 amp., a strip
of German silver %-in. wide and. in about No. 28 to 30
~ gauge will be approximately correct. In testing, turn the
current on in gradually increasing amounts until 10 amp.
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pass. If the pointer does not describe a full-scale deflec—
tion, cut a narrow strip from the shunt and try again.
Continue this paring operation until the needle sweeps to
the end of the scale when the full amount of current is
passmg.

For eIectro-therapeutic purposes, the meter will require
no heavy shunt as the current is measured in milli-amperes
or thousandths of an ampere. The most practical scale is
one reading from 0 to 2000 m.a. (or, 0 to 2 amps).
The adjustment for zero is effected by turning the

Fig. 85.—The meter in its case

spindle 4, within the coils of silk thread. This is a dainty
operation but patience is rewarded by success. The thread
will give some trouble owing to its propensity for absorb
ing moisture and changing its length in consequence. The
only remedy is either to seal the case hermetically or, bet
ter still, to use a length of the fine tinsel known as “galva~
nometer suspension.” This may be obtained from a maker
of high-grade instruments if the builder is fortunate in
being near one. The material is exceedingly thin and nar
row phosphor bronze strip.

I

The hot-wire element should be left just a trifle slack.
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Under no circumstances should it be taut. Before calibrat
ing the instrument, the wire should be “aged” by heating
it to its maximum several times and permitting the pointer
to come back fully to the zero point. This will lessen the
variation from zero.



CHAPTER XV.

NOTES FOR THE BEGINNER IN ELECTRO
THERAPEUTICS.

This chapter is intended, as its name implies, for the
physician who feels a growing interest in the possibilities
of electro-therapeutics but who knows very little of the
subject. The discussion, therefore, opens with a descrip
tion of the electrical apparatus in order that the lay reader
may understand the reference to the various instruments
in the latter portion of the chapter.
'

The Transformer.—The alternating current taken from
the house lighting circuit at perhaps 110 volts is passed
through a suitable controlling switch to the primary of the
transformer. The function of this device is to change the
intensity or voltage of the current from that suitable for
lighting lamps to one many hundred times higher. The
principle of the transformer has already been discussed in
these columns, but for the benefit of the lay reader it may
be said to be briefly as follows: When an alternating cur
rent is made to flow through a wire, a similar current will
be produced in a second wire placed beside the first but
having no connection with it. If the two wires be wound
into coils and the coils placed side by side, the effect is
greatly enhanced, and if a mass of laminated iron be placed
within the openings in the coils the effect shows a very
marked increase. This property of the alternating current
is known as “induction” and the current produced in the
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second wire is said to be induced by that in the first. The

voltage of the current induced in the second wire is in

direct proportion to the ratio between the number of turns

of wire in the first and second coils. Therefore, if the first
coil contains one hundred turns and the second coil one

thousand turns, the voltage induced in the second coil will
be ten times that applied to the first. Accordingly, let us
assume that in our transformer there are one hundred turns

of wire in the first coil or primary, as it is called, and thirty
five hundred turns in the second coil or secondary. If we
impress a voltage of 110 on the primary we shall have a
voltage of thirty-five times 110 or 3850 volts at the second
ary terminals.
This high voltage makes it necessary to employ highly

specialized methods of insulating the windings of the trans
former for the tendency of the very high potential current
is to leap through the air for a fraction of an inch or to tear
its way through even the best of insulators 'unless they
present sufficient resistance to its passage.
We shall next see how this high voltage is applied to

the operation of the apparatus and what measures are taken
to safeguard the patient from the dangerous current.
We have learned that the alternating current, after

entering the apparatus within the instrument case, is trans
formed or stepped up in voltage to a value perhaps hun
dreds of times as high as that at which it entered the in
strument. This voltage would prove dangerous or fatal
under certain circumstances if it were applied to the body of
a patient in its existing state. Before it can be used, there
fore, it must be converted to a current of very high fre
quency, i. 0., one which changes its direction of flow hun
dreds of thousands or perhaps even a million times per sec
ond. The astonishing characteristic of such a current is
that it may be applied to the human body in quantities
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which would prove fatal if the current were of the com—
mercial frequency.
The Condenser and Oscillatory Circuit—Tracing the

course of the high potential current as it leaves the second
ary of the transformer, we find that it passes into a device
called a condenser. This piece of apparatus consists of a
number of sheets of tinfoil separatediby plates of mica or
glass. The foil sheets are supplied with lugs projecting
alternately first from one side and then from the other as
the foil and mica plates are assembled. The alternate lugs
are soldered together on each side and to these joints the
wires from the transformer are fastened. Passing from the
condenser we find the current flows through the primary of
another transformer, but one without an iron core, and

finally across a spark gap and back to the condenser.
The condenser acts as a reservoir for the current,

which stores up as a charge von the plates until the tension
becomes so great that the current leaps across the spark
gap in a crashing discharge. This discharge is not com—
posed of a single spark, as appearances would seem to indi
cate, but it comprises many separate discharges which
surge back and forth across thegap with a motion which
may be likened to that of a swinging pendulum. When
the energy is finally spent the discharge would naturally
cease, but during all this time the condenser is again re
plenishing its supply from the high voltage terminals of
the transformer and as soon as one discharge has died
away, there is another charge ready to take its place. All
of this happens perhaps in the ten thousandth part of a
second or less.
The oscillatory discharge of the condenser across the

gap sets up a current of very high frequency in the circuit,
which includes the primary of a second transformer in it, as
previously explained. Obviously, therefore, it is only
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necessary to place within this primary a secondary coil
having a suitable number of turns of wire in order to obtain

a high frequency current of any desired potential. There

is no electrical connection between the two in the case of

certain forms of apparatus and, owing to the fact that
nothing but the current of high frequency would induce

another current in the secondary of this transformer—due
to the absence of an iron core—there is no danger whatever

i

of the patient receiving a shock of low frequency current
from the secondary terminals.
The generation of the high frequency current having

been explained, the method of adapting it to the various
electrodes and their uses will next be considered.
Disregarding for the moment the effects of the various

frequencies upon the body, we may turn our attention to
the broad classifications given by the manufacturers of
apparatus to the currents produced. The'classes are in the
main but three: the Tesla or high potential current, the
D’Arsonval or medium potential current, and the thermo,
or as it is sometimes called, the diathermic current which is
of comparatively low voltage as high frequency currents go.
In order that the respectiVe uses of the three currents may
be the more fully understood, it is proposed to treat them
under their proper headings.
The High Potential or Tesla Current—This current

is that taken from the terminal of the post which tops the
high frequency apparatus and it is generally applied
through a vacuum electrode of glass which is held in an in—
sulated handle of suitable form. The application is quite
without pain, and, in fact, without much of any sensation
other than gentle warmth, unless the electrode is lifted
from the skin in which case the resultant spark is rather
painful. Therefore, one of the first points for the operator
to impress upon his mind is the fact that the electrode
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should never be applied or taken from the patient without
the operator placing his own hand upon the glass to divert
the current from the patient. The entire success of the
electro-therapeutic treatment may be said to rest in the
practitioner first of all inspiring confidence in his patient.
The most pronounced physiological effect of the high

voltage current is shown in the increase of blood supply to
the part under treatment. This results in an improvement
in the local nutrition. Other characteristic efforts are an

increase of heat locally without a rise in the body tem

perature, a marked increase in excretion and secretion, and
a general effect which may be either sedative 0r stimulat

ing accordingly as the current is higher or lower in

frequency.
In at least one particular can the vacuum tube appli

cation be said to be the direct opposite to the low voltage
or D’Arsonval treatment. The effect of the vacuum tube
treatment is to increase the arterial tension when the tube

is passed up and down the spine, while the auto-condensav
tion treatment with the D’Arsonval current is exceedingly
efficacious in reducing the blood pressure. The pertinent
fact here is to note that in cases of arteriorsclerosis, the ap—
plication of the vacuum tube to the spine should never be
made. However, where the blood pressure is found to be
normal, this treatment is of great advantage in producing a

general tonic effect upon the system, particularly if a mod—
erately low frequency is used.
In cases of alopecia and other diseases of the scalp and

skin the vacuum tube treatment has been found invaluable.
The treatment has received a large amount of publicity
under the misnomer of “The Violet Ray,” and so far has

this misleading advertising been carried that the treatment
has frequently been condemned as quack. The violet ray
part of the proposition is simply a fascinating and perhaps
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mysterious-sounding trade name which was undoubtedly

coined as a result of the appearance of the vacuum tube

when the current is passing. The interior is filled with a
purplish blue light which has lead to the conception which,
while it makes no claims definitely, leaves the uninitiated
under the impression that the treatment is in some way asso

ciated'with the famous ultra—violet rays of Finsen. The fact
of the matter is that even though there were an appreciable
amount of ultra-violet light generated within the tube (as
is probably the case), the glass walls are practically opaque

to the ray and its passage to the patient would be stopped.
However, beyond the mere fact that this slight deception

has lowered the dignity of the treatment and has made it
a name almost as common as that of a patent medicine, the

incident need not concern us. The merit of the high fre—
quency current properly applied is now definitely estab

lished beyond question, and the physician who first learns

its powers and then uses it honestly is sure to derive ever
lasting satisfaction from the treatment.
The treatment has met with the most encouraging suc

cess in the stimulation of the growth of hair on heads
not hopelessly bald, and the experience of a number of
prominent workers goes to show that even gray hair may

be restored to its original color through a perfectly natural
process. While success has not come in every case, still
the results are so encouraging that the writer believes he
is justified in stating that this treatment offers a distinct
opportunity to the scalp specialist who is willing to apply
himself with the same diligence that he would bestow upon
some unfamiliar but promising drug. The effects of the
treatment are cumulative, and in stubborn cases patience
is necessary, for while the first few treatments do not per
haps have the desired effect, the cumulative characteristics
come out after persistent administrations.



CHAPTER XVI.

PLANT CULTURE WITH HIGH TENSION
CURRENT.

There appears to be a decided scarcity of data cover—
ing the process of plant culture through the agency of elec
tricity. The contributions on the subject have been any
thing but specific in nature and this isdue, in part, to the
fact that most of the experimentation has been carried on

by private investigators who, for various reasons, do not
seem disposed to make public the results of their reSearch.
In this country, the greatest progress has probably been
made by the agricultural departments of several schools
and colleges, and it is to the excellent bulletins from this
source that the author is indebted for much of the data
that led to some private experimentation. While the pres—
ent discussion is based upon this experimental work, the
author does not wish to pose as an authority on the subject
and the remarks herewith are offered in the hope that they
may lead to some private research on the part of the
readers. An interchange of ideas and experiences is invited
and it is felt that such a policy will be conducive to a
broader presentation of thesubject in later editions of this
book.

While the art of electroculture is almost wholly in the
experimental stage, still it may be said that the experiments
are productive of really practical results and the apparatus
necessary for their performance is not expensive, providing
the investigator is content to begin on a small scale.

172
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There are several methods by which plant life may be
stimulated with the electric current and, in treating of the
subject, the author will outline these methods briefly in
order that the detailed descriptions of the equipment neces—
sary in each particular case may be made clear. The con
struction of the apparatus involved will then be covered
and it will be optional with the experimenter whether he
constructs his apparatus or buys certain parts of it ready—
made from manufacturers. The latter course is desirable
in many instances as many instruments are rather difficult
of construction and can be purchased ready for use almost
as cheaply as they can be made in the home workshop.
Electroculture Methods—The methods by means of

which plant life may be stimulated with the electric current
may be divided broadly under two headings: one, in which
the rays from an electric lamp are permitted to fall upon
the area under cultivation, and the other, that in which a
high potential current is sent through a network of wires
stretched over the plot of ground. This latter method may
be further subdivided into two basic headings: One in
which a high tension direct or low frequency alternating
current is sent through the wires and, the other, that which
employs a high potential, high frequency current. The
former is simpler and productive of very good results; the
latter is the more effective and, in some cases its results
have been spectacular.
Merely because the high tension discharge method was

productive of the most encouraging results in the personal
experience of the author this method will be discussed first
of all. It is not claimed that this is the right or even the
logical method; it simply “worked” where others failed
in the case of one individual investigator who is naturally
prejudiced thereby.
The subject under investigation was a bed of lettuce,
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10 feet wide by 20 feet long. This was situated across a
yard and 50 feet from the companion bed used for purposes
of comparison. The two beds were boxed in with lumber
and topsoil was taken from the same load for each; in fact,
the conditions were as nearly identical as it was possible
to make them. Four posts were set up at the electrical
bed, in the corners of the plot as shown in Fig. 86. At a_
distance of 5 feet from the ground, ten wires were spanned
from cross-arms attached to the poles. The wires were

1

Fig. 86.—Showing span of wires to carry the high tension current over a plot of
ground in which plants are to be cultivated

carefully insulated with two porcelain cleats in series at
the end of each wire and a common lead connected the span
of wires at one end as shown in the illustration. A ground
connection is made by means of strips of galvanized iron
“chicken wire” buried in the earth beneath the bed. The
aerial conductor is brought to a small shed or. other shelter

arranged near the bed under cultivation and in this shed
the high-tension transformer is placed. The power wires
from the electric lighting circuit are carried to the trans—
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former shed and a switch is conveniently placed both at
the shed and at the point where the wires leave the house
or pole.

Caution Must Be Observed—The utmost care must be
used to prevent the possibility of persons coming in con
tact with the span of wire over the bed, or, indeed with
either wire leaving the transformer secondary, as the volt—

age delivered at this point would produce a dangerous
shock. To afford a safeguard in this particular, a fence
should surround the plot and a contact be arranged at the

gate in such manner that when the gate is opened a bell
will be caused to ring and this will remind one to turn the
current off from the transformer before entering the gate.
This device is not difficult to design and in fact it may con
sist of one of the familiar release pushes such as are used
on door jambs.
The transformer used by the author delivered a poten

tial of 10,000 volts and was rated at V; k.w. The construc
tion was of the closed core variety and the instrument was
immersed in oil to assist in cooling as the runs were from
8 to 12 hours daily. Such an instrument can be purchased
for a small sum from manufacturers of wireless telegraph
apparatus and the experimenter is advised to buy one out
right. The necessary details are given, however, so that
the ambitious worker may try his hand at the job if his
courage is good.
Construction of the Apparatus—The transformer to be

described is generously proportioned in order to provide
ample insulation and radiation surface. The constructional
details for a transformer to operate on the usual 60-cycle,
110-volt supply are given herewith and in the full-page
plate the worker will note that data for 25—cycle and 125
cycle instruments are given also. The windings for 70, 110
and 220 volts are appended as well.
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25 700 Turns 64,000 Turns
No. 14 D.C.C. No. 36 Enam.

60 350 Turns 32,000 Turns
No. 12 D.C.C. No. 34 Enam.

125 175 Turns 16,000 Turns
No. 12 D.C.C. N0. 34 Enam.

From the working drawing, the core is seen to be built
up from pieces of sheet iron or silicon steel .014 in. thick
and 7% in. long by 2 in. wide. This is for the 60-cyc1e
transformer. The same general directions apply in the case
of the other frequencies, therefore the description will be
confined to .the one only. In all, 460 pieces will be re—
guired. If silicon steel can be obtained from some trans
former manufacturer it should by all means be used as it is
not expensive and its permeability is very much higher
than that of ordinary sheet iron. The core irons are laid



HIGH FREQUENCY PLANT CULTURE 177

up alternately in piles until each has assumed a thickness
of 2 inches, after which end pieces are fitted in the spaces
left in the ends of the piles as shown in Fig. 87. Friction
tape should be wrapped around the pieces of iron to hold
them in place.

'

The primary coil consists of 350 turns of No. 12 D.C.C.
magnet wire wound upon a form which will give the open
ing in the coil a diameter of 3 inches. The primary may

Figs. 87, 88 and 89.—Details of the high potential transformer

be wound to a length of 4% inches and after it has been
removed from the form it should be carefully taped.
The secondary is wound in 2 section, each containing

16,000 turns of No. 34 enameled wire. These sections also
have an opening 3 inches in diameter to permit their being
placed over one leg of the core. The winding is in 80
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layers and has 200 turns to each layer. A strip of oiled
paper 2 inches wide separates each layer of wire from its
neighbor and as the 200 turns will occupy a space of ap
proximately 1% inches, it is obvious that a space of %
inch will be left as a margin on each side of the paper.
The starting end of the winding of each section is sol—

dered to a strip of thin copper ribbon which extends beyond
the edge of the coil. The finishing end is likewise con
nected to 'a piece of ribbon which should come out on the
opposite side to that of the starting end. The final layer
of wire is covered with several thicknesses of the oiled
paper to afford mechanical protection. The two sections
of the secondary are to be wound in such manner as to
permit the current to flow in the same direction around the
core when the two starting ends are joined together.

The primary and secondary are to be assembled upon
the core as shown in the drawing and the secondary sec
tions are insulated from each other and the core by discs of

heavy fibre. The remaining core irons may then be placed
in position and the core clamped between wooden pieces
as the drawing indicates. Pieces of flexible wire are joined
to the secondary leads and the entire transformer is then
placed in position in a sheet iron container made oil tight.
WVires leading from the secondary and from the primary
are brought to suitable terminals in the top of the trans
former case. The case is then filled with transformer oil
until the transformer is well covered. It is believed
that the drawings will make the details clear and that fur
ther description is unnecessary.

It is, of course, understood that the line wires supply
ing the alternating current of sixty cycles at 110 volts are
connected with the primary terminals while the secondary
terminals deliver a current at approximately 10,000 volts to
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the span of wires over the plants to be cultivated; that is

to say, one secondary wire leads to the overhead wires

while the other secondary terminal is connected with the

ground.
Actual Results Obtained.—A most interesting report

on electroculture experiments was made recently by Mr. T.
C. Martin at a convention of electrical men and from this
report it may be deduced that, of all the processes by
means of which plant life may be stimulated, the one em
ploying the high frequency current as it fundamental prin
ciple is the most successful by far. ‘

mg

The experiments mentioned by Mil Martin were car
- ried out at the Moraine Farm, a few miles south of Day
ton, Ohio, and located in the celebrated Miami River Val
ley. The experiments were promoted by F. M. Tait,
formerly president of the National Electric Lamp Associa
tion, and were in the immediate charge of Dr. Herbert G.
Dorsey, whose work in this line has long been worthy of
note.

“In preliminary tests, according to Mr. Martin’s re
port,” says the Philadelphia Inquirer, “small plots were
marked off for exposure to different kinds of electrification.
To insure that the soil of one plot was not better than that
of another, top earth was collected, mixed and sifted and
then was laid to the uniform depth of seven inches over
the entire area.” To quote further:
“In the soil of Plot No. l was buried a wire screen.

Over the plot was a network of wire, stretched about 15‘‘
inches from the ground. Connecting the network above
they ground and the screen below were several wire an

Itenna. The screen was connected to one terminal of a
Tesla coil and the network to the other. A transformer
stepped a 110—volt alternating current up to 5,000 volts,
charging a c0ndenser of tin-foil and glass plates, which dis
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charged through a primary of the coil. About 130 watts
were operated for an hour each morning and evening.
“Plot No. 2 was illuminated by a lOO-watt tungsten

lamp with a ruby bulb. The light was turned on for three
hours daily beginning at sundown. Plot No. 3 was illum
inated the same way, except that a mercury vapor lamp
was used. No. 4 had no artificial stimulation of any kind,

being intended as a comparison between electrically ex
cited plant growth and that of natural conditions.

.“In Plot No. aiwas buried a wire network connected
to the terminal of'f llO—volt direct current. The positive
terminal was attached to a small sprinkling can with a car
bon electrode in its center. The can being filled, the water
was subjected to electrolysis for several minutes. The plot
was then sprinkled from the can, the theory being that the
current might flow from the can, through the streams of
water to the soil.

“Plots Nos. 6 and 7 were sub—divided into four indi
vidual boxes, two feet square, separated by porcelain in
sulators and arranged with carbon electrodes at each end.
To these electrodes were applied both direct and alternat
ing currents.

“After radish and lettuce seed had been planted and
germination had begun, the various methods of electrifica
tion were tried with extreme care. The result of the ex
periments showed that the plants in Plot No. I grew in
every instance far more rapidly than those in the other
beds and more than double the normal growth as shown
in the unelectrified bed.”

The comparative results obtained with the various
processes may be noted in the table which follows, and it is
interesting to observe that the high frequency current from
the Tesla coil takes the lead from the standpoint of weight
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of the edible portion of both radishes and lettuce grown
under its influence:

Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
Radishes (ten plants selected at Tesla Ruby Mercury Nor- Elec.
random) : Coil Light Vapor mal Spkg.

Total plant weight, grams . . . . . ..265.70 137.80 109.50 180.00 78.50
Edible portion, grams . . . . . . . . . . ..139.50 57.40 40.90 79.40 31.00
Edible portion, per cent . . . . . . . . .. 51.15 41.65 37.34 44.11 39.49
Tops and leaves, grams . . . . . . . . ..120.50 75.70 65.90 95.00 41.50
Tops and leaves, per cent . . . . . . .. 43.35 54.92 60.18 52.77 55.66

Roots, grams . . . . . . . . . . . . . . . . . .. 9.30 4.70 3.20 5.60 6.00

Roots, per cent . . . . . . . . . . . . . . . . .. 3.50 3.43 2.48 3.12 4.85

Lettuce (ten plants Selected at
random) . . . . . . . . . . . . . . . . . . . . .. 67.00 52.60 56.60 46.10 31.30

Edible portion, grams . . . . . . . . . . .. 60.70 57.30 50.20 41.80 28.20

Edible portion, per cent . . . . . . . . .. 90.59 89.92 88.85 90.67 92.10
Roots, grams . . . . . . . . . . . . . . . . . . .. 6.30 5.30 630 4.30 3.10

Roots, per cent. ............... .. 9.41 10.08 11115 9.33 7.99



CHAPTER XVII.

HIGH FREQUENCY PLANT CULTURE.

High Frequency Cultivation.——The successful genera
tion of an electric current at high potential and high fre

quency offers a problem not easy of solution, particularly
if this current is to be put to practical use for long-con
tinued periods of time. While there are several methods
of producing the current, only one will be considered here
as the others are deemed impractical for amateur use.
The generator to be described is designed for hard

duty. The complete apparatus comprises a transformer,
condenser, spark gap and an oscillation transformer. In
the construction of the apparatus, a fairly complete electri
cal knowledge is essential. The high—voltage transformer
must be carefully made and properly insulated, while the

accessory apparatus requires not a little mechanical skill
for its successful completion. Once constructed, however,
the operation of the outfit is a simple matter and quite
within reach of the average fruit or vegetable grower.
In order to simplify the_explanation, the description of

the transformer will be divided into sections, each bearing
the appropriate heading.
In accordance with the inevitable policy of this book,

the data for transformers of various frequencies are given
in the full-page plate appended. The description is for
the 60-cycle instrument, and, as the construction of the
others is the same, a repetition would be superfluous.
Construction of the Core.—The core is composed of

thin sheet iron or preferably silicon steel which may be
182
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obtained from transformer manufacturers. The sheet metal
is to be cut into strips according to the specifications given
in Fig. 90. The 2 by 6 inch strips are divided into two
piles of 130 pieces each and these strips are assembled al

ternately with the ends overlapping two inches. The 1%
by 6 inch strips are next divided into four piles of twenty
each and these are assembled alternately also. These
packs are then to be placed above and below the asSembled

piles as shown in Fig. 92 to break the sharp corners. The
piles are then wound tightly with tape and finally covered
with several layers of press-board, preparatory to winding
the primary and secondary.
Winding the Primary and Secondary.—The primary

is wound on one leg of the core and the secondary on the
other. The two cores are then joined in a complete mag
netic circuit by the end yokes as shown in Fig. 1. The
primary winding consists of 125 turns of N0.' 10 D.C.C.
copper magnet wire wound 25 turns per layer and five lay—
ers deep. Between each two layers of wire, a turn of
press-board should be taken. The first and last turns of
wire are held in place with loops of strong tape placed un
der the Winding and drawn tight after the turns are in
place.‘ No shellac or other paint is used on the winding as
the coils are to be immersed in oil when the transformer is
completed.
The secondary winding is in two sections, each con

taining 4200 turns of No. 28 enameled magnet wire, making
8400 turns in all. The wire is wound in layers about an
inch wide and separated by a double thickness of oiled
paper between each two layers of wire. The paper should
be 1% inches wide In Fig. 95 is shown the method of
clamping the core leg in the lathe for winding.
Before starting the winding, a strip of thin copper rib

bon is cemented to the insulation as shown in Fig. 96 to
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provide the connection between the two halves of the sec
ondary. A strip of paper is placed over the ribbon and the
winding started after the end of the wire has been soldered
to the ribbon. When the first section of the secondary has
been completed, the finishing end of the wire is sol
dered to a piece of ribbon, a few turns of paper taken over
the final layer of wire, and the core leg removed from the
lathe. The fibre shield which separates the two secondary
sections is then slipped in place and the core replaced in
gether by. means of the copper strip.
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Figs. 90 to 98 inclusive—Details of the magnetic leakage transformer

the reverse direction; that is, the core is turned end-for-end
in replacing it to make the blank portion of the core take
the place of the wound section. The second half of the
winding is then started by soldering the wire to the cop
per strip as before. Assuming that the lathe is turned al
ways in the same direction, the act of reversing the core in
sures that the direction of the winding shall be continuous
in both sections, with their starting ends connected to
Assembling and Mounting—The secondary finished.

the two legs containing the windings may be stood on end
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and the remaining core strips inter-leaved in place to com

plete the magnetic circuit.
The reader is referred to Figs. 99 and 100, for the

method of mounting the transformer. The core is gripped
between clamping strips of hard wood and bolted to a base
of the same material. The primary and secondary
leads are conducted to upright pillars of hard rubber hav
ing a brass rod running through the centre.
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Figs. 99 to 102 inclusive.—The transformer assembled and details of its container

The transformer is placed in a container of wood, lined
with zinc as shown in Figs. 101 and 102, which give the
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proper dimensions. In the cover of the container are bored
four holes to pass the terminal rods.
\\"hen the transformer has been placed in the case, the

latter is filled with transformer oil to within an inch of the
top and the cover fastened down with screws. The addi—
tion of substantial handles at the ends of the container
completes the work on this portion of the apparatus.
Construction of the Condenser.—In the design of the

condenser for our purposes, one or two primary requisites
have constantly been borne in mind. The condenser is

I

Fig. 103.—Tlie condenser complete showing method of connection

subjected to practically continuous use for several hours
at a time and it is obviously essential that ample radiation
surface be provided in order that the plates may remain
cool. Coupled with this highly important point may be
mentioned the importance of eliminating all corona or
brush leakage around the edges of the tinfoil plates.
These requirements are ordinarily met with in an oil im
mersed condenser, but the latter, to be efficient, should em
ploy only oil as its dielectric and such a condenser presents
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constructional difficulties not easily conquered by the ama

teur workman. As the next best solution of the problem,
the design for a glass plate condenser of large heat-radiat

ing surface and of substantial construction is offered in this

chapter.

For its construction the condenser will require 120
plates of glass 8 by 10 inches of the kind used for photo
graphic negatives. Old plates of the latter sort may be
purchased cheaply from nearly any photographer and they

serve the purpose admirably. The first step is to remove
the emulsion coating on each plate by soaking it

. in hot

water and scraping with a putty knife. The plates are
then to be dried thoroughly and divided into four piles of

30 plates each. The complete condenser consists of four
units, of 30 plates each, connected in series multiple as

shown in Fig. 103, and in order to make the description
clearer the steps in the construction will be given for but
one of the four units, which are alike in every particular.
A good grade of varnish gold size is procured and

placed on the work-table with a good soft brush about an
inch in width. Tinfoil of the grade used by florists may be
procured in pound packages containing four or five strips
of foil six inches wide and perhaps 48 inches long. The
foil is to be cut up into pieces 6 by 8 inches in size, neatly
flattened and separated ready to be applied to the glass
plates, which should be arranged in a pile on the table.
A plate is removed from the pile and given a quick, thin
coating of the varnish (which dries in twenty minutes in
the open air) and a sheet of foil immediately laid upon it

,

care being taken to see that the foil is accurately centered
on the plate. The foil may be forced into smooth and close
contact with the glass with the aid of a wad of cotton
placed within a piece of soft cloth to make a sort of pounce
or dauber. Starting at the center of the foil sheet and
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carrying the rubbing process toward the edges with a cir
cular motion, the workman will be able to force the foil
into what is practically absolute contact with the glass, and
at the same time cause the surplus of varnish t0 exude
from the edges.
The plate is then turned and coated on the other side

in exactly the same manner; the process is repeated with
each of the thirty plates in each of the four units until the
120 plates have been coated. The lot may then be laid
aside to dry in a warm room for several days. When this
has been accomplished, each plate is to have its edges

Fig. 104.—-One section of condenser mounted in its case

dipped into melted beeswax to a depth of 1% inches in

order that the edge of the tinfoil on both sides may be
thoroughly coated with the wax. This will quite prevent
the corona or brush losses so frequently noted with glass
plate condensers.

The rack in which the plates are to be mounted may
next claim our attention. Its construction may be noted
in Fig. 104, which gives a perspective view of the complete
unit. The reader will see that the support comprises a
baseboard and cover of wood separated by two end pieces.
The plates slide in grooves formed by %—inch square strips
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of wood nailed to the base and cover. A bar of %-inch
by 1 inch copper runs across from one end piece to the
other on either side and affords a means of connecting the

many plates in multiple. This connection is accomplished
by means of the special contact leads shown in Fig. 105.
These leads are merely pieces of lamp cord tipped at one
end with a lug and at the other with a contact made from
a piece of spring brass ribbon bent into the shape shown
in the drawing. The object of the contact is to establish

Fig. 105.—Spring connector and cord for condenser

connection between both plates of tinfoil when the spring
is inserted.
In making the connections to the bars on either side,

the contacts are alternated in order that the plates may all
be in multiple. That is, referring to Fig. 104, in starting to
insert the contacts, on the one side the first contact spring
is inserted between the first and second plate; on the other
side the contact would be between the second and third;
returning to the nearer side, the second contact is inserted
between the third and fourth plates, and so on until all
have been put in place. The contact with the first and last
coatings are of course made by inserting the clip between
the tinfoil and the wooden end piece, placing a small sheet
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of glass between the spring and the wood to prevent the
metal coming into contact with the wood.
When the four units have been made as described,

they are to be connected up as shown in Fig. 103, the con
necting leads being strips of copper ribbon. The setting
up will receive due attention when the rest of the apparatus
has been described.

Construction of the Spark Gap.—Perhaps no one por
tion of the high frequency apparatus is more likely to give
trouble and to require frequent attention than is the spark

__\*\\\x
ans 6)

®

Fig. 106.—Self-cooling spark gap

gap across which the condenser discharges. The discharge
is accompanied by heating effects which are in themselves
troublesome, and while the ordinary stationary form of
gap may give satisfactory service for a time at least, still
its successful operation is hindered as the sparking surfaces
become heated and pitted. The gap to be described has
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proved its value in actual practice and, while it may appear
to be unnecessarily complex in design, still the many points
of advantage are only brought out through the construc
tion of a substantial and more or less massive affair.
With reference to the side elevation and plan views
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Fig. 107.——Details of the spark gap

arranged to rotate in opposite directions at a fairly rapid
rate of speed. The rotation serves the double purpose of
always presenting a fresh sparking surface, and therefore

a cool one, to the point of discharge, and in establishing a

strong current of air directly upward and between the

sparking surfaces, due to the surface friction of the periph
ery of the discs. The effect of this current of air is to as—
sist in the wiping out of any are which may form during
the discharge.
The discs are mounted upon a substantial framework
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and base of dry wood which has been painted with or pref
erably boiled in paraffin wax. The discs are mounted upon
shafts of Vz-inch steel and secured to the latter by means

of brass bosses turned up and drilled to a snug fit on the
shaft. When the final assembling has been done the bosses
are pinned to the shaft and to the disc, thus insuring the
permanency of the construction. The final operation is
to take a finishing cut off the periphery of each disc with
the shaft held between centers in the lathe.
The details of the bearings are given in the enlarged

drawings, Feg. 107. The reader will note that the bearing
proper is a journal of brass tubing reamed to fit the shaft
nicely. The bearing support is a casting with a hole cored
through it to take the journal. Slots in the feet of the
bearings permit the distance between the discs to be varied.
When the various parts have been finished, the bear

ings are located on the framework as shown in the plan
drawing and the journals slipped over the shafts. A piece
of cardboard is then forced over each end of each journal
after the latter has been propped up inside the bearing
with bits of wood. Melted lead is then poured into the
opening at the top of the bearing and when cold it will
hold the journals in perfect alignment with the shaft. The
bearings may then be removed and a small hole drilled
down through the lead and brass to afford a passage for
oil to the shaft. The addition of an oil cup stuffed with
a wick completes the bearings, which may be replaced on
the frame.

The shafts are belted together with rubber belting
crossed to make the discs turn in opposite directions. The
driving is accomplished by means of an electric motor
belted to a pulley on one shaft.
The current is conducted to the discs through wire or

A-gauze brushes bearing upon the smooth bosses, as shown
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in the plan view in Fig. 106. The details of the brush

holder are to be seen in Fig. 107.

The discs should rotate freely and quietly when the
motor is started. If the oil cups are properly fitted, the
gap should be capable of an all-day run without trouble
developing. The adjustment of the gap will be considered
in due time, when the instructions are given for the oper
ation of the completed apparatus.

The Oscillation Transformer.—The reader has been
told of the construction of the transformer which steps the
commercial lighting current up to a potential of several
thousand volts, the condenser which stores up this high
voltage, and the spark gap or discharger across which
leaps the stored-up current in the condenser. The dis
charge of the condenser across the gap sets up electric

oscillations or, as it is termed, a high frequency current.
In order that this current may be rendered suitable for the
purposes of electro-culture, however, its potential must be
raised to a very much higher degree and the object will be
to explain the construction of the special type of trans
former or coil employed in the process of stepping up the

already high potential, high frequency current.

The high frequency transformer differs from the type
used for the conversion of low frequency or commercial
currents in that it has no core of iron and the turns in its
primary and secondary are numbered in tens and hundreds,
respectively, instead of in hundreds and thousands, as is
the case with the transformer used for lighting and power
work. Furthermore, on account of the extremely high
potentials induced in the oscillation transformer, the insu
lation problem must be treated in a somewhat radical man
ner. This problem is not, however, so difficult of solution
as it might seem. The coil may be of generous propor
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tions, since close coupling of the primary and secondary

winding is not essential, and the permissible air space
affords a most effective insulator. \Vhile the efficiency of
oil insulation in cases similar to the present one is not
questioned for one moment, still the air insulation, if prop
erly carried out, offers exceptional advantages over all
other forms wherein the windings are hidden from view
and are inaccessible. The latter method has accordingly
been selected.

L front m, In fl'u

Fig. 108.——The oscillation transformer complete

The transformer consists essentially of a primary
winding of eight turns of copper strip placed at the base of
a cylinder around which is wound the secondary of 300
turns of No. 30 D.C.C. copper magnet wire in a single
layer. The starting point of the primary, as well as that of
the secondary, is connected to a stud of metal which passes
through the base of the instrument for ground connection.
The primary of the coil is connected in the circuit of the



HIGH FREQUENCY PLANT CULTURE 195

1

condenser and spark gap in order that the oscillations may

pass through the copper strip and thus induce a high fre—

quency current of higher voltage in the secondary winding.
The general appearance of the completed coil is shown in
the illustrations, Fig. 108, and in Fig. 109 theireader will
find details of the parts from which it is constructed, to
gether with the dimensions of the various pieces.
The secondary cylinder is of cardboard and made ex

pressly for the purpose. In designing the coil, the writer
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Fig. 109.——Details of the oscillation transformer

has purposely chosen, wherever practicable, dimensions
which correspond with the standard sizes of the parts now
obtainable through electrical manufacturers. Accordingly,
the cylinder has been made eight inches in diameter and
13 inches long. The wall is about one-fourth inch thick.
Into each end of the cardboard cylinder is fitted tightly a

head turned up from whitewood and soaked for an hour
in melted paraffin. The heads are drilled for the terminal
post and the brass stud, respectively. The details of the
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terminal are given in Fig. 109 but the stud has been
omitted, since its construction is obvious. The next opera
tion is to treat the cardboard cylinder to three coats of

shellac, making certain that each coat is bone-dry before

applying the next and baking the cylinder after each coat in

a moderately warm oven.
WVith the third coat of shellac quite dry, the cylinder

may be mounted in the lathe between centers, a slender

screw driven into the wooden head and catching a slot in

the faceplate to afford a means of driving. The lathe
should then be speeded up and the surface of the cylinder
carefully gone over with the finest sandpaper to remove

the inevitable irregularities caused by particles of dust and

dirt. On no account must emery paper or cloth be used
and the lathe bed must be scrupulously clean while the
cylinder is being handled, as the least trace of metal chip
or dust under the winding would be fatal to good results.
The surface of the cylinder having been carefully

smoothed over, the lathe may be prepared for the wind—
ing. The gears are set to cut 24 threads per inch and the
winding of No. 30 D.C.C. wire is started one-fourth inch
from the end. _In starting, the wire should be passed
through a small hole in the cylinder and the hole im
mediately plugged with a bit of wood covered with wet
shellac. This will prevent the winding from coming loose
during subsequent handling. The lathe should be turned
slowly and backward, and the wire fed through a guide
held in the tool post. When the finishing turn, the 300th,
is in place, the final end of wire may be passed through
the cylinder and secured as was the starting end.
While the coil is still in the lathe, the winding should

be coated with shellac applied in a thick solution and with
a soft brush, the greatest of care being taken to see that
the fluid soaks well into the turns and between them and
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also that no air bubbles or particles of dirt are permitted
to remain. When the first coat has dried for an hour or
more, the cylinder may be carefully removed and placed
in the oven, wherein the temperature should not be over
150 degrees F. The baking may continue for a few hours
and the second coat applied after the coil has been put
back in the lathe. The builder is strongly advised to do
all of the painting in the lathe, as the examination and
turning of the cylinder is greatly facilitated thereby. The
third coat may be the final one and it should be dried as
thoroughly as the first and second.
The secondary finished, the wooden heads may be re

moved and connection made with the terminal and base
studs. This is easily accomplished if the ends of the wire
are left long and passed through the holes in the heads
with the studs fitting loosely. When the heads are re
placed, the wires may be drawn taut and the nuts of the
studs turned up to grip the bare wire. The heads may
then be secured in place by plugging with wood dipped in
shellac, the small holes drilled around both top and bot
tom of the cylinder.
The base of the instrument is simple in construction,

as is readily seen in the drawing. The method of support
ing the primary strip, as well as the nature of the latter,
will, however, bear some explanation. The copper strip is
%-inch wide and TRY—inch thick and is wound edgewise into
a helix having an internal diameter of 10% inches. This
helix material is also to be obtained in the size given and it
can be purchased far more cheaply than it can be formed
up by the amateur workman unless he has the necessary
equipment for the bending operation. As this device is
quite complicated, the space necessary for its description
will not be taken here. The problem is to bend the thin
strip edgewise and prevent it from buckling.
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Assuming that the builder has procured the helix
material, eight complete turns of which are required, the

attention may be directed to the posts which support the

helix on the base and at the lower end of the secondary

cylinder. From the detailed drawing in Fig. 109 the reader
will note that four posts of black fibre rod, 2% inches high
and one inch in diameter, are given a series of saw cuts to

a depth of three—eighth inch. Eight cuts will be required
in each post to take the eight turns of primary strip. The
cuts may be made with two blades of a hacksaw placed
side by side to give the required thickness or, what is by
far the better method, the cuts may be taken in a milling
machine if one is available. The posts are located on the
baseboard and secured with short machine screws tapped
into the fibre. Care should be taken to see that the screws
do not pass into the posts beyond the bottom turn of the

primary.
The assembly of the parts is clearly shown in Fig. 110

and it is believed that no further comment is necessary
other than to say that the bottom turn of the primary is
connected with the ground stud, as shown in the diagram
of connections. I

Installation of the Apparatus—We have seen how the
various instruments comprising the high frequency current

generator are built in order that we may have available a
steady supply of high potential current, oscillating at a fre

quency of approximately 100,000 cycles per second. It is
this high potential, high frequency current that we shall
employ in the electrification of our plot of ground, and the
object of the present article is to point out how the various
instruments of the outfit are connected and combined to
produce the current.
The entire outfit should be housed in a perfectly

weather-tight shed. The construction of the building may
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be comparatively crude, if the precaution is taken to care—
fully seal all cracks and crevices, not only in the walls, but
around the door as well. In rainy weather, or even when
the humidity of the air is high, the inside of the shed should

be kept dry and warm by means of a small oil stove.
Dampness is positively fatal to the successful operation of
the apparatus if it is permitted to strike in for any length
of tifne.
The shed should contain a substantial wooden table

along the rear wall facing the door, and upon this table the
apparatus is arranged in the order shown in Fig. 110.
The floor of the shed should be at least one foot

above ground and an open air space should be left beneath
in order to frustrate dampness so far as is possible. A
simple and good construction is to build the shed around
four substantial corner posts, starting the walls a foot
above the ground. The roof should have a generous slant
to shed the rain.
With reference to the first drawing, the apparatus is

arranged in the following order, left to right: Transformer,
spark gap, condenser and oscillation transformer. Upon
the wall to the left is secured the ‘main switch, which
should incorporate a cut—out fitted with 15 ampere plug
fuses. To this switch from the outside of the shed, lead
the line wires, which are to be supplied with a llO-volt, 60
cycle alternating current, preferably from the local central
station.
Beside the main switch, the switch for the spark gap

motor should be located. The primary terminals of the
transformer are to be connected with the main switch, as
shown in the wiring diagram below, which also shows the
connections for the remainder of the apparatus. From the
secondary terminals of the transformer pieces of No. 14
rubber-covered wire lead to the terminals of the spark gap.
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From one terminal of the spark gap a piece of stranded
cable, composed of 100 strands of about No. 24 insulated

magnet wire, runs to one terminal of the condenser. From

the other terminal of the condenser, a piece of the stranded

cable leads to the movable clip on the primary of the

oscillation transformer. The second terminal of the spark
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Fig. 111.—Diagram of connections for the apparatus

gap is connected by cable to the ground connection of the

oscillation transformer and this in turn to a series of wires

buried in the ground beneath the plot to be cultivated.

The high-potential, high—frequency terminal of the
oscillation transformer connects with a piece of light cop
per rod, which extends upward and out of the side of the

building, through a hole cut in the center of a pane of

glass. This glass window should be at least 18 inches
square and shaded on the outside of the building with a
contrivance resembling an awning, in order that the surface
of the glass may be kept as nearly as possible in wet
weather. The copper rod passing through the glass is
tipped with a connector to which the overhead wires of the
plot are secured.
Wiring the Plot.—-The high frequency current pro—

duced by the apparatus described is administered to the plot
ground under cultivation through the agency of an over
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head network of copper wires and a ground connection con

sisting of strands of wire buried in the earth of the plot.

The transformer house is preferably located at one end of
the plot in order that the high frequency current may be

carried to the area under cultivation by the shortest pos

sible route. This is highly desirable, as an appreciable loss
would be sustained in a long transmission line.

The equipment recently described is of sufficient power
to cultivate a plot of ground embracing 5,000 square feet,
and, in the case under the writer’s observation, the plot
measured 50 feet in width by 100 feet in length. The
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Fig. 112—Showing how four units of condensers are connected

ground wires, three in number, were run the entire length
of the plot and spaced ten feet apart. Crossing these wires
at ten-foot intervals were ten bridging wires arranged as
shown .in the illustration and soldered at each joint. In
all cases the wire was of No. 16 bare copper. At the end
of the plot nearest the transformer house, the ground wires
were brought together in a rat-tail and connected with the
ground lead of the apparatus.
The overhead network presents a more difficult

problem. In the experimental plot ten wires spaced five
feet apart ran the entire length of the plot and were sup
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ported at either end upon high-tension insulators held by

posts which were of such a height that they suspended the

wires seven feet above ground. At twenty-foot intervals
on either side of the plot, additional posts were located and

cross wires between each two of these posts completed the

network and at the same time relieved the strain upon the

slender Wire's running the length of the plot. As in the
case of the ground network, all joints were soldered. The
overhead connection is in the nature of a continuation of
each of the long wires to form a rat-tail, grouping all of

the wires where they are connected with the high-tension
lead passing through the glass window of the transformer
house.

The insulators on the posts may be of the conventional
glass high-tension type or they may be cobbled up by
grouping a series of porcelain cleats as suggested in the
appended illustration. The best of insulation is none too
good, particularly in damp weather, as the high-tension
current leaks badly in its effort to find its way to the
ground.
The actual time of treatment will naturally rest with

the individual investigator. From one to four hours, both
night and morning, is a fair dosage, and noteworthy results
have been obtained with this average treatment. The
plants or vegetables under cultivation should be planted in
duplicate in a neighboring bed in order that comparisons
may be made at frequent intervals. In order to put the
experiments on a practical footing, the notes taken during
treatment and subsequently should include data on the
weight, amount of foliage, percentage of edible portion,
quality of the latter, time required to bring plants to
maturity, etc. These notes will be useful not only to the
individual investigator, but to the world at large.



CHAPTER XVIII.

FURTHER NOTES ON PLANT CULTURE.

Every radio telegraphic transmitter, large or small,
amateur or professional, is a potential cultivator of plant
life. Through a simple conversion of the oscillation trans
former, the apparatus to be found in the possession of
every licensed radio amateur can be made to perform this

practical service in connection with the so-called “kitchen
gardens” springing up all over the country.

Following this line of reasoning, Mr. F. F. Pickslay,
an ardent experimentalist of Mamaroneck, N. Y., called at
the offices of the author and made known his plans, which
were formulated largely as a natural result of the order to
dismantle all radio stations in 1917.
The entire stretch of ground planted measured 38 feet

front by 110 feet deep. This plot was divided into two
parts, one of which was electrified, and the other was with
out current, for purposes of checking results obtained.

The Distributing System
‘

The system for distribution of the high—tension, high
frequency current was simple. It comprised essentially a
net-work of copper wire suspended above the garden at a
distance of some 8 ft. from the ground, and a series of

copper wires placed in shallow trenches beneath the ground.
In the case of our garden, the placing of the ground

wires was a simple matter. The plot was first plowed, then
raked, and finally the ground wires were placed in furrows

204
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produced by means of a hand plow or cultivator of the
kind sold in nearly every country hardware store. The
ground wires, nine in number, were bridged at either end
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Fig. 113.—P1an of overhead and ground wire system

with a piece of heavy stranded copper wire. All joints
were soldered before the wires were buried. The ground
lead was a piece of No. 4 stranded copper wire leading
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down a side of the house from the transformer apparatus
and making connection with the nearer bridging wire be—
neath the ground.

Soldering the buried wires
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Fig. 114.——Plan of ground wires and method of putting in posts
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The aerial network was formed by stretching four

stranded copper wires between insulators secured to the

supporting posts in the four corners of the electrified plot.
Guy wires and turnbuckles stiffen the structure and en
abled us to make the network taut. Smaller copper wires
were stretched between the stranded conductors, forming
the closed loop as shown in the drawing. All joints in this
network were carefully soldered with the aid of a blow
torch. A rat-tail, composed of wires leading from each of

\
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Fig. llS.—Method of holding overhead wires to posts

the longitudinal strands, leads directly to the switch out
side the house which formerly served the purpose of a
lighting switch when the wireless outfit was in commis
sion. Indeed, the scheme of connection is exactly the same
as that employed for wireless, the switch being so arranged
that when current is not being sent through the network
the switch connects the aerial network with the ground
Wires.
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Construction Difficulties
A shelf of rock runs beneath the entire plot under cul

tivation. The depth of the soil varies from less than a
foot to over four feet at different points. While this forms
an ideal condition from the standpoint of vegetable raising,
in view of the fact that it maintains practically a constant
state of moisture in the earth, the rock caused no little dif
ficulty when we undertook to erect the supporting poles for
the aerial network. As the strain on the poles is consid
erable, we found it necessary thoroughly to guy the poles,

Trans/firmer House

Check P/af

(ll/of e/ecfr/fi'ed)

Fig. 116.—Connecti0ns of ground wires

and in this connection were forced to resort to various ex—
pedients such as the use of convenient trees upon which to
fasten the guy wires. Where this was found necessary,
we protected the bark by placing strips of wood under the
loop of wire where it passed around the tree. In other
cases, we were forced to rely upon stakes driven into the
ground. We are not certain that the latter will stand the
strain, and we may find it necessary to use “dead-men” at
the ends of the guy wires. Be it understood a “dead-man”
in this case is an anchor-like contrivance buried in the
earth.

‘
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We used one lO-in. strain insulator of the high-tension
variety at each pole.
In erecting the network, the posts were placed about

two feet in the ground. In this comparatively small plot
only four posts were used. The guy wires were placed
next without any attempt being made to tighten them.
Finally the stranded wires forming the closed loop were
stretched tightly between the insulators on the posts and
the joints soldered to insure non-loosening and good con

Fig. 117.—Solderlng ground wires with torch.

ductivity. The turnbuckles were next brought up to
stretch the loop tightly. The longitudinal wires, five in
number, were next stretched tightly between the two end
wires of the loop. These points were soldered. Then the
three transverse wires were stretched between the side
wires of the loop and the joints soldered. This gave us a
perfectly taut network of ample height to permit freedom

of movement underneath it in cultivating the garden.
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Vegetables Planted

Radishes, lettuce, peas, carrots, beets, onions, potatoes,
and celery were planted in the garden.
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Fig. 118.—L'sing small cultivator to prepare soil

Apparatus Required

Mr. Pickslay was the owner of a Clapp-Eastham Hy
tone transmitter of y

. k.w. capacity, and this transmitter
was used to produce the necessary current.

meechi/g , ,

Car/denser' 9"117/

Nefwork
Una

Transformer Condenser

Fig. 119

The secondary of the oscillation transformer was com
posed of 100 turns of No. 18 annunciator wire wound in a

single layer upon a cardboard cylinder 5% in. in diameter
which slips within the edgewise-wound copper strip form
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ing the secondary of the oscillation transformer used for
wireless purposes. This coil gives less than a half
inch spark when operated without any capacity attached to
its terminal; however, when the aerial network is attached,

the potential is so increased that a spark several inches

long may be drawn from the coil. The diagram of connec
tions is given in Fig. 119.



CHAPTER XIX.

A FOREWORD ON THE CONSTRUCTION OF
ELECTRICAL APPARATUS FOR THE STAGE

In this chapter, the aim will be to present comprehen
sive directions covering the design and construction of
the apparatus used in an elaborate electrical act suitable
for the vaudeville stage. While many so-called electrical
acts are already in the field, the effects produced are com
paratively insignificant when one stops to consider the pos—
sibilities in this form of entertainment. No doubt most
readers have seen the offerings referred to and the “stunt” '

of taking several thousand volts of electricity through the
human body is by no means a new one at the present day.
However, it is thought that the quipment to be described
will offer many opportunities for the enlargement of the
previously attempted exhibitions of the wonders of elec—
tricity with the result that the production, from a theatri
cal standpoint, will be sensational.
In this apparatus, the high-frequency current plays a

very important part; indeed, many of the experiments are
wholly dependent upon this form of current for their pre
sentation. Therefore, it is thought advisable briefly to re
iterate the nature of this current and its physiological ef
fects upon the human body. It was discovered many years
ago that if an alternating current of electricity be caused
to oscillate with sufficient frequently, that is, to change its
direction of flow a suflicient number of times (per second, its
muscular contractive effects upon the body would be les

212
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sened to a considerable degree. The commercial alternat
ing lighting current which has a frequency of 60 or perhaps
125 cycles per second, is fatal to a human being if applied
in sufficient quantities. Available data discloses that volt
ages of from 200 to 500 are dangerous and in some cases
fatal where the frequency is of the commercial order. If,
however, the frequency is increased to 10,000 cycles and

_ upward per second, it has been found that several thousand
volts may be taken through the body with comparatively
little discomfort. A further increase to 100,000 cycles and
over renders the current practically painless. The possi—
bility of using this peculiar form of current in the produc
tion of unusual effects will therefore be appreciated.
Points to Consider.—Before starting work on any of

the apparatus, the reader had best satisfy himself in his
own mind just what feature of entertainment work he de
sires to take up. This section deals with the construction
of practically every useful form of high frequency appara
tus designed especially for theatrical demonstration. The
assembly of the entire lot of apparatus as described would
entail a considerable expenditure of time and money and
there are cases where this outlay is scarcely justified. For
instance, the platform lecturer would scarcely care/to bur

den himself with the costly and cumbersome equipment
so essential to the performer on the stage. For the benefit
of readers to whom this elaborate equipment does not ap
peal, a summary of the various types of outfits will be made
in order that the worker may make an intelligent selection
whether he be a modest “suit-case” lecturer or vaudeville

performer, a parlor entertainer, or a theatrical producer of
the most extravagant type.

The one big feature of any electrical offering is the
high frequency work. This fact is admitted by dozens of
performers and lecturers alike. The very idea of “taking
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thousands of volts” of electricity through the body and still
living to do it over again, is theatrical in ‘the extreme, and
it is no wonder that so many so-called electrical kings have
separated a gullible public from their dollars for years on
the sole claim that a supernatural or other unusual power
made it possible for them to take current at this enormous

i

Voltage through their bodies. The high frequency coil
may, therefore, be regarded as the one essential part of
the outfit, and the other instruments in the light of ac
cessories.

Weight and Cost of Apparatus—The largest apparatus
described in this section will deliver sparks several feet
in length. That this is spectacular and impressive, no one
will gainsay, but the outfit weighs hundreds of pounds and
requires for its operation several kilowatts of electrical
energy. The utter uselessness of such apparatus, in the
case of the lecturer, is at once apparent. Far better is it
for him to make or purchase a small coil capable of giving
an eight or a ten inch spark and taking its current from the
nearest lamp socket. Furthermore, the large apparatus re
quires for its operation an alternating current, and this is
not always obtainable. The only practical alternative is a
rotary converter or motor—generator set, which in this
large size, is very heavy and costly.
The small coil, on the other hand, may be built on

the “kicking coil” principle, described in an earlier chapter,
and in such event its operation is satisfactory on either di
rect or alternating current through the change of a simple
connection.
The question of the high frequency outfit therefore

resolves itself into one of whether the performance is to
be given in a chain of small lecture halls or good-sized
theatres. In the former case the small portable outfit
is ample and certainly far more useful, while the latter use
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would justify the best aggregation of paraphernalia the
capital of the owner would command. The salaries of fea
ture vaudeville acts are, as a rule, commensurate with the
pulling power and therefore the attractiveness of the act
itself. Recognizing this, it is certainly wise to put forward
every effort in an endeavor to make the true vaudeville act
as big, as spectacular, and, to sum it up, as impressive as
may be possible. The results justify the expenditure.
In the construction of the apparatus the average reader

is face to face with a problem. The manufacturer of stand
ard apparatus will not even quote on this special material';
the model shop wherein inventions are developed is too
thorough and expensive; the average electrician knows

nothing whatsoever about the apparatus in question; the

typical machinist is worse than useless where complete
assembly is concerned, as he is either too “rule of thumb”
or too literal. The reader will wonder what he is to do.
The Home Workshop—The answeris to build a home

workshop. It is cheaper in the beginning and in the end,
and if the apparatus is worth having and building, it
is deserving of a proper birthplace. The tools required
may be purchased for perhaps a quarter of the sum de
manded by the combined carpenters, machinists, electri
cians and the rest of the vast army of mechanics, each one
of whom does not know just what is desired, but is certain
that he is capable of building it just the same.
The construction is best done in a spacious room

wherein the apparatus can also be set up and tested, and
the act rehearsed. This means, of course, the installation
of electric service. The room should have plenty of open
floor space rather than spacious work benches, although
these are quite as essential within reason. The tool equip
ment may consist of a fairly complete set of wood-working
tools and bench, an engine lathe of light construction but



216 HIGH FREQUENCY APPARATUS

of large capacity as regards swing, a small drill press and
complete set of metal tools, such as pliers, hacksaw and
files. With such an equipment the handy man—and it is
assumed that the would-be entertainer is a handy man or
he had better not start on the road with his outfit—may
construct the entire set of apparatus with the assistance of
a bright boy or even girl if she be mechanically inclined.
And after the apparatus has been built by the man who
intends to use it, who can gainsay the fact that he, better
than anyone else, is prepared to take care of it and repair
it if necessary? If some of the more intricate machine
work, of which there is little, is beyond the capabilities of
the amateur, then let him go to the regulation shop and
have just that part finished up to drawings.

Working Drawings—The question of drawings brings
us to a point of vital importance. Before a stroke of work
is done on the apparatus, each and every part should be

depicted in a large drawing and all dimensions checked to
determine their accuracy. The space available in this book
has not rendered it possible to cover this detail with all
thoroughness, but the individual worker should develop
his design from the suggestions given, making his draw
ings complete in order that he may fully understand the
construction of the various parts.

In no sense is the work of building the apparatus diffi
cult and neither does it require the services of skilled labor.
The ability to use tools in an intelligent manner and, what
is far more important, a fairly intimate knowledge of the
apparatus being built, may be said to constitute the quali
fications for success. In order that the latter qualification
may be obtained, it is suggested that the prospective builder
diligently consult every book pertaining to the subject that
he can lay his hands on. These books may be numbered
on the fingers of one hand, and when one has assimilated
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their entire contents, there is still a good deal to learn on
the subject. But every iota of knowledge helps, particu
larly in the theoretical end, which does not necessarily
mean the mathematical end. Probably the less mathema
tics the practical builder tampers with, the better he will be
off, for the actual design of the apparatus has been spared
him. What he needs is a good, sound knowledge of the
characteristics of the high frequency current, and this may
be quite readily obtained from a few good books. With
knowledge and a fair equipment of tools, let him start in
with what will probably prove to be the most interesting
and fascinating work he has ever attempted.



CHAPTER XX.

THE CONSTRUCTION OF LARGE APPARATUS.

The construction of a high frequency transformer cap
able of throwing a five-foot spark will be considered first
of all, for this piece of apparatus is probably the chef
d’tmwre of the assembly.
The transformer consists essentially of a primary coil

B, Fig. 120,/of nine turns of heavy copper ribbon 2 inches
wide and wound in the form of a spiral; a secondary coil of
600 turns of copper wire wound upon a wooden cylinder, S, .
Fig. 120; and a suitable means for holding the primary and
secondary in their proper relation to each other.
The secondary cylinder presents the greatest construc

tional problem for the amateur workman and it is suggested
that this be made at the mill unless the workman is
equipped with a large speed lathe. The cylinder is built
up of segments of whitewood, tapered to fit around the
periphery of three wooden discs, one at each end and one
in the center. The entire cylinder must be assembled
without the aid of nails or metal of any kind and the best
course to follow is to glue the slats or segments in place
and further to secure them with wooden pins covered with
glue and driven into holes drilled into the wood. The
cylinder is 50 inches long and 20 inches in diameter. After
the assembly is completed, the surface should be turned
off in the lathe and given two coats of a black vegetable
dye. All paints containing lead and carbon must be
shunned in the treatment of this apparatus or electrical

218
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“leaks” will be developed. There are several good black
dyes on the market soluble in water or alcohol and any one
of these may be used with impunity. After the surface of
the cylinder is blackened and thoroughly dried, it may be
given a coat of shallac, when it is ready for winding.
The winding is best done in a screw-cuttinglathe as

the turns are to be evenly spaced 12 to the inch. If the
lathe is not available, an improvised winding machine may
be constructed with the aid of two bearings to support
he cylinder and a length of rod threaded 12 to the inch

arranged to turn with the cylinder and to carry a guide
for the wire as it is wound. The winding is of No. 22
D.C.C. magnet wire and the first turn is started 1 inch from
one end of the cylinder. From this point it continues to
within a like distance of the opposite end. A band of
%-inch copper ribbon is then placed around the remaining
space at either end and the starting and finishing ends of
the winding are soldered to the bands. The latter should
not completely encircle the cylinder but a gap of %, inch
should be left where the ends meet. The winding is to be
given four coats of shellac, each coat being permitted to
dry thoroughly before applying the next.
A brass bushing, having in it a hole tapped %-18, is to

be firmly secured in each head of the cylinder and connec
tion made from the copper bands to the bushings.
Wooden discs, 21 inches in diameter, are to be fitted

to the ends of the secondary cylinder in order to give it a
finished appearance. Holes are bored through the centers
of the discs, of course, to permit access to the bushings
Within.
The secondary cylinder is surmounted by a discharger

composed of a brass ball mounted on the end of a rod
which makes contact with the brass bushing in the top of
the cylinder. A wooden cone is turned up in imitation of a
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Fig. 120.—'1'he oscillation transformer complete
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high tension insulator and the rod carrying the ball runs
through the center of this cone.
The construction of the primary coil and base will be

understood on reference to Fig. 121, which gives a plain
view looking down on the primary from the top and'also a
side elevation of the lower portion of the complete trans
former in cross section. It will be noted that the primary
is composed of nine turns of heavy copper ribbon two
inches wide and wound in the form of a true spiral. The
ribbon is wound into its finished form with a double thick
ness of Tag inch rubber belting between turns. It is taped
at three or four places to hold it in place temporarily while
the supports are being constructed.
The object of elevating the primary coil is to provide

means of access to the under side in order that connection
may be made with any desired turn. The coil is gripped
between pieces of fibre bar A which are held in place by
fibre bolts B and the whole is supported on the elevating
posts C of fibre. .

The base is of wood, and it should be mounted upon
four glass or porcelain insulators. The finish of the base
is preferably of the same color as that used on the sec

ondary cylinder; the black vegetable dye provides a finish
that is rich and pleasing in appearance and at same time
rather unusual. If the copper primary ribbon is highly
polished and lacquered, a pleasing contrast will result.
A square wooden box is mounted upon the base and

in its top is a short bolt threaded to enter the hole in the
brass bushing in the lower end of the secondary cylin
der. A strip of copper ribbon makes connection between
the bolt and inside turn of the primary spiral.
Connection between the primary and the balance of the

circuit is established by means of special flexible cables
which are made by binding 100 strands of No. 32 S.C.C.
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Fig. 121.—Section through base of oscillation transformer and plan view of primary
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magnet wire with cotton tape. Each of the two cables
should be about 5 feet long and tipped on each end with
a special lug or connector. The construction of the con—
nector or clip which makes contact with the primary rib
bon is clearly shown in Fig. 122. The clip is made by cut—
ting a slit in the end of a piece of hard brass rod % inch in
diameter by means of a thin hacksaw. The blades are ren—
dered more springy by cutting away a portion of the metal
from the back of each, and a hole is drilled into the shank of
the clip to admit the wire of the cable. Each strand of

A";.\\\\\\\\\\\\\§§'\§i

Fig. 122.—Clip which makes connection with primary turns

the latter is carefully cleaned of its insulation for a dis
tance of V2 inch and the bare ends of the wire are then
twisted together after having been well coated with a good
soldering paste. The clip is held in a pair of pliers and
carefully heated over a Bunsen flame until the solder melts
within the hole, after which the cable end is carefully in—
serted and sweated in the clip. The wire, where it enters
the clip, is tightly bound with thread until it is equal in
diameter to the shank of the clip. A piece of fibre tubing,
making a tight fit over the shank, is then forced on and
extended over the binding of the wire. This serves as a



224 HIGH FREQUENCY APPARATUS

protection for the cable where it is joined to the connector
and provides a suitable handle as well.
In Fig. 123 is given a diagram of the connections of the

complete transformer and the reader will note that the
connection to the primary spiral is variable over quite
a wide range. In operating the transformer, it is necessary
to make various trials in order that the correct number of

Fig. 123.—Diagram of connection for the oscillation transformer

turns to produce resonance may be determined. The point
at which the secondary coil makes contact with the inside

turn of the primary should always be grounded on the

nearest water pipe. This will not only safeguard the per
former from the liability of dangerous shock, but it will
prevent high tension surges of current from striking back
through the remainder of the apparatus with disastrous
results.
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The Transformer.—The transformer required for the
operation of the coil described may be rated at approxi
mately 4 k.w. It may appear to some engineers that the
instrument is somewhat overrated, but in view of the fact

. L .
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1
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Fig. 124.—Details of the cure with dimensions

that it is in use for periods of less than 20 minutes at a
time it is believed that no difficulty will be experienced.
The core is built up of sheets of silicon steel .017 inch

thickness and cut to the sizes shown in Fig. 124. Refer—
ence to this drawing will disclose the fact that 448 pieces of
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each of the two sizes will be required. It is suggested
that this steel be purchased from some transformer manu
facturer already cut to size, as it is practically impossible
to buy silicon steel in such a small quantity in the open
market. Assuming that the steel has been obtained, the

legs A and E of the core may be assembled by placing the
pieces alternately first to the right and then to the left,
showing a 3-inch overlap as indicated in Fig. 125. Each pile
will have assumed a thickness of approximately 4 inches at
this time and the pack should be tightly compressed in a

Fig. 125.—Short leg of core on which winding is placed

vise and bound with friction tape. The pieces forming the

leg B may then be inserted one at a time to form the con

necting yoke. This is rather a tedious process, but it offers
the only practicable method of making a joint that is both

mechanically strong and good from a magnetic standpoint.

The core may then be set aside to await the primary and

secondary windings before having its magnetic circuit com—

pleted with the remaining sheet iron strips D.
For winding the secondary, a form of square cross sec

tion similar to that shown in Fig. 126 should be employed.
This form may be of wood and solid in construction. The
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corners should be slightly rounded. The dimensions are
given in the drawing. After the form has been mounted
in the lathe between a spur-chuck and a center, it should
be covered with a winding of a single layer of cord. Over
the cord is placed a 13;; inch thickness of oiled paper, then
a layer of 116 inch flexible mica and finally 4 or 5 additional
thicknesses of paper. Each layer of this insulation should
be tightly Secured with thick shellac in order to make a
solid core or base upon which to place the secondary wind—
ing. The latter is done in two sections, wound in opposite
directions and having their inside ends joined together.

Fig. 126.—Details of secondary winding showing wooden block or form upon
which the wrre is wound

This end is attained by first winding one section andpthen
reversing the secondary core upon the form and starting
the remaining half of the winding by joining the wire from
the spool to the starting end of the first section.
It will be noted that the two sections of the winding

are divided by an insulating shield of mica which is cut
to fit over the core and placed in position when the first
section has been completed. The starting and finishing
ends of the winding are soldered to pieces of thin copper
ribbon about % inch wide. After both sections have been
completed the finishing layer in each should be covered
with oiled paper to a thickness of 1% inch.
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The secondary winding consists of 3,525 turns of No.
25 enameled wire wound 75 turns per layer and 41 layers
deep in each half of the secondary winding. Each layer
of wire is separated from its neighbor by two layers of
oiled paper which should be purchased in the form of a
roll of paper tape two inches in width. As No. 25 wire
winds 51 turns per inch it is obvious that there will be a
margin of about X; inch along either side of the layer of
wire.
The finished secondary is given a coat of armalac and

“the edges of the paper layers are liberally plastered with
the compound in order that moisture may be prevented
from entering. After the composition has dried, the sec
ondary may be placed in position on one of the shorter legs
of the core.
The primary is composed of 100 turns in all of double

cotton covered wire. The first 70 turns to be wound should
be of two No. 8 wires wound in parallel and the remaining
30 turns should be of a single No. 7 wire. Taps of heavy
copper ribbon are to be brought out at 70, 80, and 90 turns
in order that four variations of power may be available.
The primary may be wound on the same form as the sec—
ondary and the insulating core on which it is wound should
be built up similar to that on which the secondary was
wound. The cord is wound upon the form in order that
the coils may be removed without difficulty merely by
withdrawing the cord. Short lengths of No. 8 stranded
conductor are soldered to the primary taps to establish con
nection with a regulating switch. The primary may then
be placed on the remaining leg of the core and the end
pieces inter-leaved to complete the magnetic circuit.
The entire transformer may then be mounted in a suit

able case of wood as shown in- Fig. 127. Wooden blocks
placed above and below the core serve to hold the trans
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former securely in position and the case is supplied with
handles as shown in the drawing to facilitate carrying.
The primary and secondary terminals should be mounted
inside the cover in order that the working parts of the in
strument may be entirely enclosed and thus protected from

injury in shipment. If the case is substantially made it
will serve as a shipping crate of convenient and effective
design.
The secondary wires are brought to suitable terminals

mounted on pillars of fibre inside the box while the pri

mary terminals are brought to the contacts of a regulating

switch likewise mounted on the wall of the case, The
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Fig. 127.—Case or container for the transformer

winding of the transformer is so designed that a consump
tion of current varying from 2 to 4 k.w. may be obtained.
The Spark Gap.—The apparatus previously described

is designed for use with a rotary spark gap. Reference to
Fig. 128 will disclose the fact that the spark gap is of sim
ple construction and that it consists essentially of a disc of
%;-inch aluminum, carrying 12 discharge points or studs
of nickel steel, mounted upon the shaft of a small alternat
ing current motor and surrounded by a housing o

f

wood
which serves the double purpose of a muffler to deaden the
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noise of the spark discharge and a support to carry the
stationary electrodes E in Fig. 128. The drawing repre
sents a side elevation of the complete gap shown partly in
cross section in order that the relative positions of motor,

rotary disc and stationary electrodes may be shown. Fig.
10 shows an end elevation of the gap housing and it also
serves to indicate the position of the stationary electrodes.
Attention should first be directed to the rotor of

the gap. This should be laid out on a piece of %;-inch
sheet aluminum rather more than 10 inches square.
After finding the center, a circle with a diameter of 10
inches is inscribed upon the aluminum and then a 9-inch

Figs. 128 to 131 inclusive.-—-The rotary spark gap complete and in detail

diameter circle is laid out and finally one of 3-inch diame—
ter. The sheet of aluminum is then mounted upon a
wooden faceplate in the lathe and a cut taken quite through
the metal on the line of the smallest circle, thus leaving
an opening 3 inches in diameter when the disc of metal is

removed. A similar cut is taken on the largest circle re
sulting in the rotor disc which is now ready to be mounted
upon the insulating hub of fibre, indicated at C, in Fig. 130,
which gives an elevation and section of the rotor disc

complete. .

The insulating hub is turned up from a piece %-inch
sheet fibre to the dimension given in the enlarged drawing,
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Fig. 131. The reader will note that the fibre hub is
mounted upon a boss of brass which is threaded into the
fibre and riveted over on the end to prevent its working
loose. The brass piece is drilled with a hole of a diameter
to take the motor shaft and a set screw provides a means
for securing the boss on the shaft. The final cut which
brings the fibre hub to the diameter of the hole in the alum
inum disc should be made after the hub has been cut
roughly to size and mounted upon thebrass boss which is
in turn mounted upon an arbor in the lathe. This will in
sure absolute truth in running.
The aluminum disc should next be divided with 12

radial lines running from the center and crossing the 9-inch
circle at 12 equi-distant points. At each point a clearance
hole for a No. 10—24 machine screw is drilled. Twelve cyl
inders each %—inch long should be cut from a piece of
nickel-steel rod %-inch in diameter and each cylinder
drilled and tapped in one end for a No. 10-24 screw. The
cylinders may then be secured in position on the aluminum
rotor and the disc mounted upon its hub of fibre. It is se
cured thereon with 6 rivets which may be brass escutcheon
pins inserted in snugly fitting holes drilled through alumi
num and fibre. The heading over should be done very
carefully and on the aluminum side. The rotor, which is
now finished, may then be mounted upon the arbor in the
lathe in order to test for accuracy in running and, if the
final cut on the fibre hub has been carefully taken and all
burrs removed from the edge of the openings, the disc can
not run other than true.
The reader’s attention is next called to the housing

which consists essentially of a box of suitable size built
up from %-inch whitewood and lined throughout with sheet
asbestos. A hole is drilled in the rear of the box to ad—
mit the boss of the rotor. The box is assembled with
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screws throughout and the top piece, D, Fig. 128, is made
removable in order to afford access to the interior of the
case. The front of the box carries the stationary elec
trodes of the gap and the construction of these demands
our attention next.
The stationary electrodes consist of a pair of the %

inch nickel steel cylinders mounted upon threaded T5g-II'ICI'I
brass rods supported in brass bushings which are threaded
into the wooden front of the case. A 3-inch disc of fibre
on the end of each of the threaded rods provides an adjust

ing handle by means of which the clearance between the
studs on the rotor and the stationary electrodes can be

closely regulated. A strip of heavy copper ribbon estab
lishes connection between each stationary electrode and a

binding post placed a few inches beneath it.
The gap may now be assembled according to Fig. 128

which shows the relative positions of the various parts so

clearly that further description is unnecessary. The motor
may be of the ordinary fan motor type of 11K H.P. or even
less and its speed should be about 1800 revolutions per
minute. The method of mounting the motor is, of course,
dependent upon the nature of the base or bed plate. The
builder’s ingenuity will doubtless suggest the best form of
mounting to meet his individual requirements.
Care should be taken to see that there is practically no

end play in the motor, for if such were the case, the clear
ance between the discharge points could not be maintained
at a uniform value.
The Oscillation Condenser.—Before proceeding with

the description of the condenser, it may be well to state
that this particular feature of the outfit presents many diffi
culties in its design in view of the fact that the condenser
is to be subjected to much rough handling and moving
about. The data offered herewith is for a condenser hav—
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ing glass plates for its dielectric, but the author would sug
gest that this material, while highly satisfactory for use in
a condenser to be used in but one place, is obviously sub

ject to breakage and is at a further disadvantage from point
of weight. Its use is suggested in this work merely be
cause the stock is readily obtained and this at a low figure.
Sheet mica, while several times as costly, is far superior in
every way and its use is strongly recommended to those

CONNECT SIX IN
MULTIPLE —-- TWO
lN SEQlES

Fig. 132.—Sliowing how condenser ‘i
s connected six units in multiple and two

In series

who feel that the extra expense is justified by the advan
tages gained.

For the condenser proper, 120 sheets of 8 by 10 inch
photographic glass will be required. This glass, in the
form of discarded negatives, may be obtained from almost
any photographer for a small sum. In addition to the
plates above-mentioned, the builder will require some 24
plates additional to serve as cover glasses for each con
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denser unit. A few extra plates to replace possible broken
or defective ones will not be amiss.
The first operation will be to clean the emulsion from

the glasses and this is readily done by soaking the plates
in hot water. It is not essential that the plates be made
perfectly clean of the emulsion if the plates have all been
developed and the silver dissolved, but it is desirable to
get the surface and particularly the edges for a space of an
inch or more as clean as possible. The plates, when
cleaned and dried, are to be placed in a warm oven prior to
having the metallic coating of tinfoil placed on each side.
This coating is of the heavy foil used by florists and may
be obtained in strips 48 inches long and 6 inches wide at
almost any florist’s shop. It comes in packages of one
pound and averages some five strips to the package. The
foil should be straightened out and cut off into rectangles 6

by 8 inches in size in order that when secured to the glass
it will leave a margin of an inch all around. (See Fig. 133.)
The condenser is made up into units of ten plates each

and each plate is to be coated on both sides with the tin
foil. In all there will be 12 units connected up as shown in
Fig. 132, that is, two sets of six units each connected series
multiple.
To coat the plates the builder should provide a lump

of beeswax and a “pounce” made by enclosing a wad of
cotton within a soft cloth. A warm plate is taken from the
oven and laid upon a cloth-covered table top. The lump
of beeswax is rubbed lightly across its surface to provide
a thin and even coating. A sheet of tinfoil is immediately
placed in the center of the glass and rubbed into close con
tact with the pounce, starting at the center and, with a
circular motion, working out toward the edges. This will
result in a perfect union of glass and foil at all-points. The
plate is immediately reversed and the other side coated in
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like manner before the plate gets too cold to melt the
wax. The remainder of the plates are to be treated in a
similar manner when they are ready for the connecting
lugs, after having had their edges dipped in melted wax
far enough to cover the edges of the foil for a space of an
inch or so to prevent brush leakage.
The lugs are of thin copper ribbon, tinned at one end

and affixed electrically to the tinfoil at alternate ends on
both sheets of foil with a deft application of the soldering
copper. A little practice on a scrap plate will soon enable
the worker to master the operation of soldering the copper
to the foil without melting the latter. The drawings in
Fig. 133 illustrate the location of the connecting lugs and

l/eov Imus -

Ll'ghi‘l ~ Ifnfo/

Fig. 133.—Single plate of the condenser coated on both sides with tin foil

also the way in which ten plates are piled one on top of the

other to form a complete unit. This assembling having
been done with the entire lot of plates, the projecting lugs
may be clamped with the pliers and soldered to short
lengths of copper ribbon ready for connection with the bus—
bars of the condenser. The plates of each unit should be
bound with tape to afford mechanical strength and ease of
handling. A plain piece of glass is placed on either side of
each unit under the binding tape.
The twelve units are to be assembled in a strong

wooden case and each unit should be separated from its

neighbor by strips of wood covered with felt. Connections
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'are made as shown in Fig. 132, to bus-bars consisting of
several strips of copper ribbon fastened together. The
connections with the outside of the case are by means of
heavy flexible cables made by binding a number of strands
of fine insulated copper wire under one cover.
Setting Up and Operating.—The connections of the ap

paratus are simple as the accompanying drawing shows,
and it is only in some few particulars that the author need
supplement with further explanation. (See Fig. 134.)
A switchboard is highly desirable but not at all essen

tial to the successful operation of the apparatus. One may
be made quite simply and without the expenditure of much
time or money. A pilot lamp, to enable the operator to
see the control switches in the dark; a 50 ampere double
pole, single throw knife switch to control the transformer
circuit; and a small snap or knife switch for the spark gap
motor circuit, will complete the equipment of such a simple
board. This adjunct to the outfit may be made quite elab
orate, if desired, just for the theatrical effect it may have
if placed upon the stage. In this event, the board, which,
may be of wood treated with a fireproofing compound
should be finished eventually in a dead black to simulate
slate. The switch equipment may be supplemented with
fuses, imitation bus—bars and additional lights. An am
meter and a voltmeter will not only add to the appearance,
but will also be of practical service in the operation of the
apparatus.

The transformer requires a current of from 40 to 50
amperes at full load and the leads from the stage pocket
must necessarily be of heavy cable. The stage cable used
in connection with motion picture arcs is admirably adapted
to this purpose and the outfit should include from 50 to
100 feet of cable.
Connection between the transformer secondary and the

\
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rotary spark gap electrodes may- be made with the high
tension cable used in the ignition circuit of automobiles.
This cable is to be fitted with substantial lugs as in use it
will have to be connected and disconnected a great many
times.

The oscillation circuit comprising spark gap, condenser
and primary of oscillation or high frequency transformer
should be connected with the cable.
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Fig. 134.—Diagram of connection for the apparatus

Prevention of Kick Back—The ground connection
shown in the diagram is of the utmost importance as with
out it high voltage surge back through the transformer
wires will be almost sure to puncture the insulation of the
transformer. To further protect the latter and to safe
guard the house wiring, a protective condenser should be
connected across the transformer primary at the point
where the line Wires are connected. This condenser is
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made by joining two Z-mfd. telephone condensers in series
across the line and grounding the neutral point or wire that
connects the two.
For the sake of simplicity, the spark gap is shown as a

stationary one rather than a rotary. The connections are,
of course, the same for the two.
When all has been connected up, the spark gap elec

trodes may be adjusted to the point where they just miss
the rotating member and the gap motor started. For this
first test, the primary clip of the oscillation transformer
may be placed on the center turn to permit of variation in
either direction as required to establish resonance. The
main switch may next be closed and the ball discharger at
the top of the oscillation transformer should send forth
long streamers of fire with a terrific cackling noise. An
adjustment of the clip on the primary from one turn to an
other, and a variation in the length of the spark gap, will
soon enable the operator to obtain resonance. This point
is indicated by the longest streamers. At its maximum ef
ficiency, the coil will send forth a spark that will dart a
distance of more than five feet to a wire attached to the
ground and brought near the discharge terminal. A
strange feature of this experiment is the fact that the sec
ondary cylinder is but 50 inches high and, rather than dart
downwards, striking the primary of the coil, the spark will
break down a far greater distance in a horizontal plane and
still farther if the ground connection is placed overhead.
This is a peculiarity of high frequency_discharges.



CHAPTER XXI.

LARGE TESLA AND OUDIN COILS FOR THE
STAGE.

In the present chapter, the specifications for two- of
the most popular types of high frequency transformers are
given. The coils are complete in themselves and for their
operation, the exciting apparatus described in the preceding

I chapter, or else the quenched gap apparatus covered in the
former chapters, may be used. The proportions of these
coils are excellent for transformers of larger or smaller size.
The Tesla transformer illustrated in Fig. 135 is capable

of throwing a 50-inch spark between terminals if made in
the size shown in the detailed drawings, Fig. 136. This
spark can be produced through the use of a two kilowatt
transformer in the exciting circuit if the apparatus is tuned
properly. The resonator shown in Fig. 137 is designed for
the production of a comparatively short, but very heavy
spark and it is capable of remarkable performances in the
hands of an ingenious manipulator. The various experi—
ments such as lighting lamps with current taken through
the body and igniting cotton or paper with sparks taken
from the fingertip are well within its scope and this on a
big scale. The coil is also excellent for the generation of
a very high frequency current at high voltage for the pro
duction of a bluish halo or glow which seems to come from
the extremities of the body when the performer operates in

the dark.

239
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Rather than attempt a'minute description of each op
eration in the construction of these coils, the author will
endeavor to cover the constructional features in each case,

believing that the reader is sufficiently well-versed in me
chanics to be able to read the drawings without difficulty.
The construction is practically identical in the two designs
and a description of one will suffice for the other.

The most difficult part of the work is the building of
the secondary drum indicated by 1 in the drawings. This
is a wooden cylinder with wooden heads. The difficulty
is found in the fact that the builder must not use metallic
nails in the assembly. This is not insurmountable, how
ever, for the shoemaker uses a substitute that fills the bill
Very nicely. His sharp wooden pegs may be driven like
nails if the precaution is taken-to start the hole with an awl
or drill. If the builder has no lathe, he may order the
wooden disc, which constitute the heads and intermediate
forms for the cylinder, ‘turned to size, from the mill. The
wall of the cylinder is composed of wooden slats placed
closely and glued and pegged to the discs. The construc
tion will be materially assisted if holes are bored in the
discs prior to assembly and a long curtain pole passed
through to line them up. The pole is removed before the
last few slats are placed in order that the brass bushings
shown in the cylinder heads may be inserted and secured.
After this, the final slats are placed in position, glued and
pegged.

The cylinder may next be mounted upon a pair of
horses and arranged to revolve through the agency of a
short length of iron rod screwed into each bushing. The
rod should be flanged in back of the threaded portion to

prevent the strain on the bushing that would otherwise

be present. With the cylinder between horses and a staple
driven over each spindle, the builder may proceed to finish
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off the surface. A plane run along the slats will take off
the projecting corners and a final rubbing with coarse sand—

paper Will bring the surface to a fairly smooth condition.

The winding surface is prepared by covering the cyl
inder with several layers of heavy wrapping paper, each
layer being thoroughly soaked with shellac before the next
is applied. The easiest and best way to do this is to pur—
chase a roll of paper and place it in hangers beside the
cylinder. The Tesla secondary may be wound in two sec
tions with a space between at the centre of the coil. This
space will provide for the legs that support the primary
helix as shoWn in the drawings. The wrapping paper need
therefore be only -half the length of the cylinder in width
in order to fully serve the purpose.
When the cylinder is covered and the paper and shellac

have dried quite hard, the winding may be done. The
exact size of the wire on the Tesla secondary is of small
importance. The only requisite is that the number of turns
be kept between 600 and 800. There should be an appre
ciable space between each turn and its neighbor, however,

and this may govern the gauge of the wire employed.
It is difficult to secure any wire larger than No. 22 in a
length sufficient to wind the cylinder in one piece and a
splice is not to be desired. If, therefore, No. 22 B. & S.
gauge, double cotton covered magnet wire is available, it
may be wound 12 turns to the inch, making in the neigh
borhood of 300 turns in each half of the winding. The
two halves of the winding must be in the same direction;
that is to say, the one half is a continuation of the other.
This is easily assured by starting at the left end of the
cylinder, for instance, and winding until within 1% inches
of the centre. Here the wire is secured with a wooden
peg and a jump taken over 1% inches to the other side of
the centre of thecylinder. Another peg secures the start
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ing turn and the second half of the winding is completed,
turning the cylinder in the same direction. In order to
maintain the space between turns a loop or cord is passed
over the cylinder and a weight hung from its lower point.
The turn of cord, which should be heavy and approximately
1% inch thick, will guide each succeeding turn, spacing them
with fair accuracy. An experimenter who has built a set
of apparatus recently from the author’s directions, advises
that he was able to straighten up the entire winding by
running a metal comb along the wire as an assistant turned
the cylinder. The winding, when finished, is given half a
dozen coats of shellac, each coat being dried thoroughly
before the next is applied. -

The construction of the helix forming the primary will
readily be understood from the drawings. The conductor
is a length of Vz-inch copper tubing, rubbed bright, and
coiled into a helix of 27% inches in diameter for the Tesla
coil and 26 inches in diameter for the resonator. A ma
terial superior to the tubing is the edgewise-wound copper
strip that is now used in nearly all high grade wireless
transmitters. This strip can be purchased in a spiral from
any large wire manufacturer, but to bend it edgewise with
out buckling is a mechanical problem worthy of an engi
neer. It can be done by rigging up a drum of metal ar
ranged with clamps to hold the strip flat as it comes from
the reel, but the task is scarcely one within the province
of the amateur.
The Tesla coil is mounted upon a base equipped with

casters in order that it may be moved quickly and easily.
The secondary is supported by four rods of wood which
are mounted in wooden bases in imitation of high tension
insulators. The secondary is removable from the support
ing rods merely by lifting it off, the rods terminating in
plugs which fit sockets in the heads of the cylinder. The
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Fig. 137.—The Oudin resonator complete and in detail
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rods themselves are removable from the base by lifting
them from sockets therein. The primary helix is supported
on the secondary cylinder by the three legs as shown in
the drawings. The helix is so springy that there is no
difficulty in springing the third leg into position after the
helix has been placed over the cylinder.
The object of having all of the parts removable is of

course to permit packing to be done effectively and without
the enormous cases that would be necessary if the coil
were in one piece. The resonator is made separable in
the same manner.

The ends of the Tesla winding are connected to the
discharge rods through the rods and balls shown in the
sectional drawing. The primary is entirely independent and
its only connection with the secondary is an inductive one.
With the resonator, however, the case is different. The
lowest turn is connected to the bottom turn in the primary
helix and this in turn to a common ground terminal. The
discharge rod 4 is also connected with this ground wire
beneath the base.

Regarding the resonator, little further need be said
save for a few words about the winding: This is in one
continuous layer of about 350 turns. As the voltage is
lower, this winding may be of No. 18 annunciator wire
wound close and most carefully coated with shellac in six
applications. The practice of winding the turns close is to
to be avoided if possible for there is extreme likelihood of
the current leaping across through the insulation. A sep
aration of a single turn of thin cord will help materially.
In closing it may be well to state that the suggestions

given in this chapter are intended for the amateur worker
who is not equipped with a lathe sufficiently large to take
the cylinders. If the individual is so fortunate as to have
access to such a large lathe, he may disregard most of the
instructions and proceed in the regular manner.



CHAPTER XXII.

THE CONSTRUCTION OF A WELDING
TRANSFORMER.

While this piece of apparatus can scarcely be placed
in the category of high frequency apparatus, since the cur
rent employed is the ordinary 25, 60, or 125 cycle lighting
current, still the welding transformer forms a valuable ad
dition to the high potential apparatus used in an electrical
offering on the stage. The feat of grasping a piece of iron
wire, as thick as a pencil, between two pairs of tongs held
in the hands and causing the wire to become red and even
white hot while held in that position, is a stunt which
seldom fails to call forth the applause of an audience.
When the experiment is conducted with the proper scenic
atmosphere, the effect is materially enhanced.
In this chapter the reader will find the details of the

construction of a low-voltage transformer admirably
adapted to this purpose. The transformer can be built by
the average handyman who has a smattering of electrical
knowledge and who knows the value of careful work as
regards insulation. Later in the chapter, the design of a
suitable stage setting and accessories will be described.
\Vhile this experiment may readily be made one of a num
ber grouped up into a single offering, still it is quite com
plete in itself and with embellishments, it may form the
basis for an act of a few minutes’ duration.
In order to make the description clearer, the various

parts of the transformer will be described separately, each

247
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under its proper heading. The transformer is designed
for operation on a llO-volt, 60-cycle alternating current
circuit and when the load is applied, the current in the
primary is approximately 26 amperes. The secondary cur
rent at 11 volts is in the neighborhood of 250 amperes and
this is sufficiently large to make quite a display.
The Core.—The core of the transformer is of lam

inated iron or preferably silicon steel .017 inch thick and
cut into pieces as indicated in Fig. 138. From the diagram
the reader will note that two sizes are required, 1'. e., 3 by 6

inches and 3 by 8 inches, respectively, and 340 pieces of
each size will be needed.‘ The steel for the core may be
obtained cut to size and ready to assemble from certain
transformer manufacturers who buy the material in large
quantities and cut it with a gate shear.
Fig. 140 shows how the 3 by 8 inch pieces are as

sembled with the ends projecting alternately three inches
first on one and then on the other side. The strips are di
vided into two piles of 170 pieces each and each pile is then
built up as shown in Fig. 140 to make two cores, each three
inches thick. A generous wrapping of tape and three
layers of press board make the cores ready for the
windings. -

Primary and Secondary Winding.-—_The secondary is
Wound over the primary on each leg of the transformer.
For this reason the primary winding will be considered
first. As mentioned before, the winding described is for
use on a llO-volt circuit; if the builder desires to wind for
a 220-volt circuit, he should substitute twice as many turns
of a wire three sizes smaller in the primary only. The
windings here mentioned are figured at but 500 circular
mils per ampere, but in view of the fact that the trans
former is used for only a few minutes at a time, the heat
ing will not be excessive.
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The primary consists of 120 turns in all and so ar
ranged that 90 turns may be used if desired. The wind
ing is of No. 9 D.C.C. magnet wire in four layers of 30
turns per layer. Two layers are wound on each leg. With
reference to Fig. 142, the winding is started by soldering
the end of the wire from the spool to the end of a piece of
stout copper ribbon which is then insulated with a layer of
paper and the winding continued over it for one layer. This
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Figs. 138 to 147 inclusive—Details of the welding transformer

prevents the annoyance of the first turn coming loose after
the winding is removed from the lathe. ' '

Over the first layer of the primary is placed a layer of
press board and then the second layer of Wire is wound
until the 45th turn is reached. At this point a tap of cop—
per ribbon is taken as shown in Fig. 143. Over this the
winding is continued until the 90th turn is in place. This
turn is soldered to the tip of a third piece of ribbon pre
viously placed so that the winding holds it. The same
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procedure is repeated with the other core leg and two
layers of press board fitted ready for the secondary
winding.

'

The secondary consists of 10 turns in all, five to each
layer. The winding is composed of three No. 4 D.C.C.
wires wound in multiple as shown in Fig. 146. The wire
should be on three spools arranged conveniently in back of
the operator who should wear canvas gloves in handling
the heavy conductor. The wires will have to be tapped in
place with a small wooden mallet. The starting ends are
soldered to a piece of heavy copper strip, the winding done,
and the finishing end secured in a similar manner. A sub
stantial covering of press board finishes the windings after

they have been liberally painted with armalac or a similar
compound.

The legs with the windings on may then be set on end
and the 3 by 6 pieces of steel in'ter-leaved in order to e'om

plete the magnetic circuit. One end of the core complete

is shown in Fig. 139. A slight tapping with a light ham
mer will set up the irons.

I

The Mounting—The mounting is clearly shown in

Fig. 148 as is also the directions of the windings. The

builder should determine this very carefully by placing the

cores end to end before assembling and then noting which

terminals of the windings, when connected together, will
produce a continuous winding in one direction throughout.

The copper ribbon taps are soldered to No. 10 fleXible

stranded conductor on the primary and to three No. 4 flex—

ible stranded cables in multiple on the secondary. The

cables are lead to binding posts on the primary end and

massive copper bolts on the secondary. The connections

between the halves of the windings are made with strips

of copper insulated with tape.
Welding Experiments—The current delivered by the
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transformer just described is of low voltage but great vol—
ume. Such ‘a current may be applied to the requirements
of the popular science entertainer in a number of ways and
the space available in this treatise will permit of but a brief
outline of the many interesting experiments it is possible to

produce.

wa' ' ‘ ' F A .l

5- “) If
s s
Q) \l mannas . Q
is

' b

nu

'

_’
_

i

JbOW/hg d/fecf/bn
0/ M72th

‘
lll
lll
lll
ll

Fig. l48.-——Thc transformer complete showing diagram of connections

As a necessary adjunct to the transformer described
previously may be mentioned a pair of heavy cables to

conduct the current from' the secondary of the transformer
to the appliances with which the experiments are to be per
formed. Such cable may be purchased in an electrical sup
ply store, but it is likely to be rather too stiff for the re
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quirements of the performer. For this reason the author
suggests that the worker make his own cable, and the

appended illustration (Fig. 149) shows how this may be
done. A coil of No. 24 bare copper wire is cut into suffi
cient ten-foot lengths to make up two bundles of wire each

% inch in diameter when the wires are tightly bound to
gether. The end of one bundle of wires is forced into a
substantial lug and very carefully soldered to insure that a

perfect electrical connection is made. This lug is then
gripped in a vise and the wires are stretched individually
and collectively along the bench with the ends held securely

f/na/ um pm
of lb?) //'/’706

'0

\Wrap mm col/on amid and .m/der
lane III/0 Izg

Cable a candle of Wu Dare copper mre: 10 form
canduc/orj #209 (0/6!

Fig. 149.—Showing construction of cable to carry the heavy secondary current

when the stretching has been done. A wrapping of cotton
tape is then wound throughout the entire length of the
cable starting at the end with the lug and finishing tem
porarily three or four inches from the other end where the
tape is bound with wire to keep it from unwinding. Again
starting at the lug end, a layer of fine, hard fish line is
wound around the cable and OVer the tape, finishing the
covering of the cable. Before cutting the tape and line at
the finishing end the wires are to be cut off squarely and
inserted into a second lug which is carefully soldered as in
the case of the first one. The tape and line may then be
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brought‘ up to the lug and finished off. The same process
is repeated with the second bundle of wires to form a cable
similar to the first.
The only other adjuncts necessary for the simpler ex

periments with the transformer are two pairs of tongs or
clamps to which the cables are fastened. In Fig. 12 the
reader will note a suggestion for a pair of tongs of suit
able design, and if the worker is a fairly skilful pattern
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Fig. 150.—These copper tongs are useful in the conduct of many experiments
alternating current

maker he can make a pattern from which a copper or
bronze casting may be made. Failing in this, he may use

a dismantled pair of iron tongs or gas pliers for the pat
terns, making such changes as may be necessary with the
aid of a bit of hard wax. The illustration is just one-half
the size of the finished tongs used in the author’s outfit,
and it will not be safe to use a lighter weight of copper as
the tongs heat up pretty well after the current has been on
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a few minutes. The lug of the cable is fitted to the handle
of the tong as shown in the illustration.
Assuming that the transformer has been set up, the

worker will be anxious to try it out. The tongs may be
grasped with the bare hands as the voltage of the secondary
is so low that practically no shock will be perceptible;
howeVer, if the performer’s hands are tender or susceptible
to perspiration, the handles of the tongs may be dipped in
white lacquer which will be quite invisible when dry but
which, at the same time, acts as an effective insulator.
The tongs having been connected to the transformer sec—
ondary by means of the cables and the 60-cycle alternating
current circuit through a 30-ampere fused switch, the per—
former may grasp a piece of %-inch steel rod about two
feet long in the jaws of the tongs and have an assistant
turn on the primary current. The steel will quickly dis
color and become gradually red and then white hot. At
this stage the current should be turned OH and the per
former should place a pair of gloves on his hands, explain
ing to the audience that, as they have just seen, the cur
rent passing through his hands has no effect whatever upon
him, but that the intense heat so near his hands is worse
than unpleasant. The heavy gauntlet gloves in place, the
experiment can be carried to the stage of white heat, at
which point the steel is almost plastic and the rod can be
bent easily into a U shape A few minutes more and the
steel actually burns up in the performer’s hands, sending
forth a shower of sparks in all directions. In order to
protect the eyes and clothing from the sparks, it is well to
wear a helmet and aglarge leather apron to completely
cover the person. This dress has its psychological effect
upon the audience also.

The transformer may be used to weld together two
pieces of iron rod held in tongs and brought together; spot
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welding of sheet iron may be done if a device is built to
provide sufficient pressure at the contracts; a mass of metal

may be brought almost to the melting point if placed in a
crucible and the terminals inserted; and, in fact, countless
other experiments, many of which will suggest themselves
to the possessor of the transformer, may be performed.
A most effective stage setting is one of dark purple

velvet in the form of a cavelike affair. Practically all of
the electrical _experiments should be performed in semi
darkness in order that the effect may be striking. The
fusing of copper and zinc rods held in the tongs with the
stage dark makes one of the most starting experiments the
author has ever beheld.



CHAPTER XXIII.

HINTS FOR THE ELECTRICAL ENTERTAINER.

Not the least important feature of the work in hand is
the preparation of a suitable explanatory lecture to accom
pany the experiments which are to be performed with the
apparatus described. Upon the snap and vigor of the lec
ture depend in a large measure the successful presentation
of the offering. It is safe to assume that the day of the
electrical fakir is past—n0 longer can the smooth-tongued
performer claim some supernatural power which enables
him to take through his body enormous voltages which
would prove fatal~to the average mortal. The lecturer of
this type is as much a thing of the past as is the old—time
magician who makes claim to some occult power rather
than to sleight-of-hand or mechanical ingenuity to accom
plish his tricks. The electrical entertainer of to-day must
bear in mind that in the past five years the education of the
general public along the lines of electricity and science has
advanced in an astonishing degree, and to offer his experi
ments under the guise of a wizard is not only to insult the

intelligence of his audience, but to stamp himself as an
absurd charlatan as well. Just as the modern prestidigi
tator credits his quickness of hand, so should the electrical
entertainer give credit to modern science for his ability to
perform the startling experiments he offers.
Class of Audience.——-The class of audience catered to

should also bear careful consideration. The style of talk
favored by the intelligent and well—read Chautauqua as

256 r
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sembly would be hopelessly out of place in even a high
class vaudeville theatre. This is not due to the lesser
degree of intelligence to be found in the theatre audience
so much as to the fact that such an audience demands to
be shown rather than told. The experiments must speak
for themselves and any lecture accompanying their presen
tation must be more in the nature of an explanatory
“chatter” rather than a discourse on the theory and scien
tific reasons for the phenomena demonstrated. With the
typical lecture audience, on the other hand, the explanatory
remarks may be more comprehensive in nature, as such an
audience comes to listen and be instructed, as well as to
see and be entertained. At the same time the performer
must not lose sight of the fact that many of the people in
even a scholarly audience are totally unfamiliar with even
the fundamentals of electricity except in a vague way, and
his discourse should therefore be interspersed with fre—
quent analogies in everyday life in order that the terms
and phrases used may be clearly compr'ehended.

A clever touch of comedy is of almost inestimable
value; for the theatre audience it should be of the “slap
stick” variety, while for the lecture assembly it should be
genteel or even subtle in nature. As an illustration of the
former style of comedy, the writer has seen many a.
mediocre electrical act carried through to a riotous curtain
simply because a handful of boys from the audience were
knocked off their feet supposedly through contact with a
wire. The same bit of comedy presented for the approval
of a more cultured audience would have resulted in a few
disdainful smiles.
Short Introduction Preferablm—The performer should

beware of a lengthy introduction in either of the two cases.
For the theatre, the opening remarks should be exceedingly
brief and “straight from the shoulder,” for an audience of
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this nature is ever impatient for something to happen and
the quickerthe action throughout the better the reception.
If the lecturer is endowed with an unusually commanding
presence, which invariably combines the gift of wit or
humor, he may carry the action with his own magnetic
personality; but for the individual who is not gifted in
this manner, the rapid-fire style is safer and less likely to
subject him to the disconcerting ridicule of an unruly gal
lery crowd.

'

Impressive Opening Imperative.—The introductory re
marks should be quickly followed up with an impressive
experiment; this is to at once arrest the attention and whet
the appetite for better things to come. After the successful
completion of this one experiment, the performer has, in
a large measure, gained the confidence of his people, and
in consequence, they will be the more ready to listen to
his further remarks. At this point may come the real in
troduction to the entertainment to follow. The experi
ments should be placed on the programme in logical order
and every effort made to so arrange them that there shall
be no wait whatever between the successive demonstrations.
The mediocre experiments should be interspersed with

the spectacular and startling ones, and invariably the climax
should consist of the one experiment that proves to be the
masterpiece. It is not always possible to determine just
which one from among the number may properly lay claim
to this title and this is where the value of “trying it on the
dog” comes in. As a matter of fact the final rehearsals of
the performance should be before a real audience and a
critical one at that, for only in this way can the production
be whipped into shape.
Selection of Experiments—The selection and prepara

tion of the experiments to be used in his program must
needs rest with the entertainer himself. The work must
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show the individuality of the entertainer, since he is to
perform the experiments and is responsible for their recep
tion by the audience. The hints offered in. this book
should, therefore, be considered in the light of suggestions
only, and the most the writer can hope is that they will
start the entertainer on the right track. Constant experi
ment day after day will serve to bring out the wonderful
possibilities in the apparatus, and as the worker proceeds he
should make note of the effects produced and strive in fut
ure attempts to make the manner of presentation more
striking and interesting. The one big thing to be borne in
mind, as outlined in the last article, is that the experiments
must hold the interest of the audience without the neces
sity of discourse or explanation. In the first place, the
high frequency discharge produces a deafening noise which
in itself renders speech inaudible while the coil is in opera
tion, and, secondly, the audience as a rule does not care
what the entertainer has to say and it must be shown.
Simplicity should be the keynote throughout, for the aver
age theatre audience may be treated as a more or less un

ruly crowd of children who want solely to be amused and
entertained. With these facts in mind, the entertainer may
plan his program. The number of experiments is seem
ingly limitless when one starts to operate the apparatus,
and as the time allotted the average feature act in vaude—
ville is from twenty to thirty minutes, it is obvious that
only the pick of the lot should be chosen. Some may be
selected for their beauty, but the majority should be picked
with a view to their sensational qualities.

Probably the most effective opening number is pro
duced by the high frequency transformer in operation at
full power with a dark stage. The streamers of fire leap
out for several feet in all directions from the ball atop the
transformer. The discharge makes a tremendous crackling
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and crashing noise which impresses the audience through
its weirdness even before the curtain rises. As the curtain
ascends, the center of the stage appears to be filled with a
twisting, darting mass of slender, purplish fingers of fire
which snap at the entertainer as he enters through the
center door and walks down stage or toward the footlights.
The current may, at this time, be shut off and the lights
turned on full for the opening remarks which were dis
cussed in a preceding paragraph.

After the short preliminary address the performer may
briefly explain to the audience how modern science- enables
man to make electricity his servant, and a servant whose
services are to be respected but not feared. For instance,
he can say that if he were to place his hands across the
terminals of the low frequency transformer (pointing out
the instrument, but not explaining its principles) he would
receive a shock that would positively be fatal, since its

voltage is in excess of that used in the electric chair. He

may then go on to say that through a simple process of

conversion which changes the nature of the current but
which does not in any way materially reduce its Strength,
and which, indeed, serves to increase its voltage to near or
quite the millon mark, he is enabled to apply that erstwhile
destructive force to the good of mankind, curing diseases,

relieving pain and in countless other ways fulfilling the
claim that electricity is man’s greatest servant when in

telligently handled. -The performer may then show how
the tremendous current can be taken through the body
without danger, even though its voltage is hundreds of
times that used for purposes of electrocution. A metal rod
is grasped in the hands, and while standing on an insulated
stool the performer approaches the ball discharger of the
transformer with the lights out and the coil in operation.
As the rod nears the ball, a beautiful halo or luminous
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vapor gathers at the point and increases in intensity as the
distance is shortened. Finally, when the rod is within four
or five feet of the ball, an enormous sheet of purplish
white flame crashes across the intervening space and into
the rod held in the hands. The spark leaps into the air
and breaks as the heat causes it to rise, and the moment the
discharge is broken another flame takes its place._ If the
distance is shortened to within six inches or a foot of the
ball, a piece of stick or bit of paper held in the spark will
be ignited immediately.
The performer may then withdraw and have the cur

rent turned off for a few words of explanation. The next
experiment may be made to show that the current is actu
ally going into the body of the entertainer. To this end,
he approaches the ball with his rod held in one hand and
in the other he grasps an electrode to which is connected
a wire leading to one terminal of an incandescent lamp.
The other terminal of the lamp is attached to a second
electrode which is held by the assistant.v When the cur
rent is turned on the spark leaps to the rod as before and
the lamp is lighted to full incandescence or even burned
out by the current passing between the bodies of the per
former and his assistant standing nearby.
Some of the most startling and spectacular experi

ments of which the high frequency apparatus is capable are
produced in connection with the insulated stool and the
charged body of the performer. For most of these experi
ments, the frequency of the current should be increased by
moving the primary clip of the oscillation transformer to
a point where fewer turns are included in the circuit. This
will reduce the spark length of the coil, but this loss can
be tolerated in view of the fact that the current is smoother
and the muscular contractiVe effects are totally missing.
It is difficult for the performer to do justice to his experi
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ments if he experiences any degree of shock, which, while
not at all dangerous, is still disconcerting.
The performer stands on the stool and touches the

discharge ball of the coil with his metal wand. When the
current is turned on, a strong, snapping spark several inches
in length may be drawn from any portion of the body by
the assistant. This spark will ignite a piece of cotton
dipped in alcohol, light a cigarette, puncture a thin piece
of glass, and do many other equally interesting tricks. If
the spark is taken from the bare skin for any length of time,
a blister will form from the burn which results, and it is
therefore advisable to draw the spark from a heavy ring
worn on the performer’s free hand. An occasional spark
taken for a few seconds at a time will not affect the skin
and the lighting of the cotton may be accomplished by the
assistant bringing the material in close proximity with the
performer’s ear or chin. Care should be taken to avoid spark:
near the eyes. If the performer holds a metal spoon in his
mouth, a spark 'may be draWn from the handle and this

experiment seldom fails to bring applause.
If the primary clip on the oscillation transformer is

carefully adjusted after the performer has been connected
with the discharge ball, a point will be found where his
body seems literally to exude a luminescent halo of bluish
white fire. When the free hand is raised directly over the
head, little tongues of fire dart from the finger tips into
the air. When a second person approaches to within a
foot or so of the performer the space between their bodies
is apparently filled with a luminous vapor, and a finger
pointed at the performer instantly calls forth an intense,

cone-shaped stream of light. A Geissler or other vac~
uum tube brought to within even six or eight feet of the
charged body lights up with its characteristic glow, and,
when it approaches to within a foot of the body, the glow
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is practically as bright as it would be if the current were
passing into it through a wire instead of through space.
An entertaining experiment is to bring an incandescent

lamp bulb, held by its base in the assistant’s hand, close to
a rod held in the hand of the performer. The current
slowly strikes through the glass wall, and, as the fracture
increases, the air is let into the bulb. As the vacuum
lowers the color of the glow in the bulb changes from
bluish white to red, then to purple and finally it disappears
as the spark punctures the wall and finds its way to the
wires inside.
No further attempt will be made to describe “experi

ments” for to do so is futile at this point. The worker will
find that every time he turns the current on, he finds some
new wrinkle or stunt to do with the spark. Ardent experi
mentation with the apparatus itself is the very best teacher
and a day spent merely in “playing” with the outfit will
give the ingenious worker scores of fascinating experi—
ments, some of which are suitable for the stage and others
for the parlor or the laboratory.
Dr. Tesla prepared a series of intensely interesting lec

tures some years ago and his work, now in book form,
offers a truly remarkable series of instructive experiments.
While Dr. Tesla advocates, in his book, the use of a high
frequency alternator or else an oil-immersed oscillation
transformer, still many, if not all, of the performances he
pictures can be shown with the apparatus described in this
book.
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AUTOMOBILES AND MOTORCYCLES

THE MODERN GASOLINE AUTOMOBILE—ITS DESIGN, CONSTRUC
TION, MAINTENANCE AND REPAIR. By VICTOR W. PAGE, M.E.
The latest and most complete treatise on the Gasoline Automobile ever issued. Written
in simple language by a recognized authority. familiar with every branch of the ant-.01
mobile industry. Free from pochnical terms. Everything is explained so simply
that anyone of average intelhgence may gain a. comprehensive knowledge of the
gasoline automobile. The information is up-to-date and includes. in addition to an
exposition of principles of construction and description of all types of automobiles and
their componentsuvaluable money-saving hints on the care and operation of motor
cars propelled py internal combustion engines. Among some of the subjects treated
might be mentioned: Torpedo and other symmetrical body forms designed to reduce
air resistance; sleeve valve, rotary valve and other types of silent motors; increasing
tendency to favor worm-gear power -transmission: universal application or magneto
i nition: development of automobile electric-lighting systems: block motors: under
s ung chassis; application of practical self-starters: long,r stroke and offset cylinder
motors; latest automatic lubrication systems: silent chains for valve operation and
change-speed gearing: the use of front, wheel brakes and many other detail refinements.
By a careful study of the pages of this book one can gain practical knowledge of auto
mobile construction that wil save time. money and worry. The book tells you Just
what to do. how and when to do it. Nothing has been omitted. no detail has been
slighted. Every part of the automobile, its equipment, accessories, tools. supplies,
spare parts necessary. etc., have been discussed comprehensively. If you are or
intend to become a. motorist. or are in any way interested in the modern Gasoline
Automobile. this is a. book you cannot afford to be without. Over 1,000 pages—
and more than 1.000 new and specially made detail illustrations. as well as many full

page
and double-pace plates. showing all parts of the automobile. Including 12 large

oldmg plates. 1920 Edition. Price . . . . . . . . . . $4.00
WHAT IS SAID OF THIS BOOK:

“It is the best book on the Automobile seen up to date."——J. H. Pile, Associate Editor
Automobile Trade Journal. ,
“Every Automobile Owner has use for a. book of this character."—The Tradesman.
“This book is superior to any treatise heretofore published on the subject."—The
Inventive Age.
“ We know of no other volume that is so complete in all its departments. and in which
the wide field of automobile construction with its mechanical intricacies is so plainly
handled. both in the text and in the matter of illustrations."—The lllotorist.
“The book is very thorough. a. careful examination failing to disclose any oint in

gonnegtion
with the automobile, its care and repair, to have been overloo ed."—

ron ge.

“Mr. Pagé has done a. great work. and benefit to the Automobile Field."—W. O.
Hasford. Mgr. Y. M. C. A. Automobile School. Boston, Mass.
“It is just the kind of a. book a motorist needs if he wants to understand his car."—
American Thresherman.

THE MODEL T FORD 'CAR, ITS CONSTRUCTION, OPERATION AND

REPAIR,EINCLUDING
THE FORD FARM TRACTOR. By VICTOR. W.

PAGE, M. .
This is a complete instruction book. All parts of the Ford Model_T Car are described
and illustrated; the construction is fully described apd operating principles made
clear to everyone. Every Ford owner needs this practical book. You don‘t have to
guess about the construction or where the trouble is. as it shows how to take all arts
apart and how to locate and fix all faults. The writer, Mr. Page. has operated a 0rd
car for four years and writes from actual knowledge. Among _the contents are:
1. The Ford Car. Its Parts and Their Functions. 2. The Engine and Auxiliary
Groups. How the Engine Works—Tho Fuel Supply System—The CarbigetorfMaking the Ignition Spark—Cooling and Lubrication. 3. Details of _ hass1s.Change Speed Gear—Power Transmission—Differential Gear Action—Steering Gear
—Front Axle—Frame and Springs—Brakes. 4. How to Drive and Care for the Ford.
The Control System Explained—Starting the Motor—Driving the Car—Iccating
Roadside Troubles—Tire Repairs—011mg the Chassis—Winter Care of Car. 5. Sys
tematic Location of Troubles and Remedies. Faults in Englne-Faults in Carburetor
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—Ignition Troubles—Coolin and Lubrication System Defects—Adjustment of
Transmission Gear—General hassis Repairs. The Ford Tractor and Tractor con
version sets and Genuine Fordson Tractor Operation and Re air—F. A. Starting

zirnd

Lighting System. 153 illustrations. 410 pages. Two 6 folding
rice . . . . . . . . . . . . . . . . .

AUTOMOBILE REPAIRING MADE EASY. By VICTOR W. PAGE, ME.
A comprehensive, practical exposition of every phase of modern automobile repairing
practice. Outlines every process incidental to motor car restoration. Gives plans for
workshop construction, suggestions for equipment. power needed, machinery and tools
necessary to carry on the business successfully. Tells how to overhaul and repair all
parts of' all automobiles. Everything is explained so simply that motorists and students
can acquire a, full working knowledge of automobile repairing. This work starts with
the engine. then considers carburetion, ignition, cooling and lubrication systems. The
clutch. change speed caring and transmission system are considered in detail. Contains
instructions for repa ing all types of axles, steering

gears
and other chassis parts.

Many ta'iles. short. cuts in figuring and rules of pract ce are given for the mechanic.
Explains fully valve and magneto timing, "tuning" engines. systematic location of
trouble, repair of ball and roller bearings. shop kinks, first aid to injured and a. multi
tude of subjects of interest to all in the garage and repair business.
This book contains

special
instructions on electric starting. lighting and i ition systems,

tire
regaining

and re uildinq. autoqenous welding, brazing and soldering. eat treatment of
steel, test timing practice,eiaht and

twelve-cigmder
melors, etc. 5%x8. Cloth. 1056

pages, 1,000 illustrations, 11 folding plates. rice. . . . . . . $4.00
WHAT IS SAID OF THIS BOOK:

“ 'Automobile Repairing Made Easy' is the best. book on the subject I have ever seen
grid thlfi otply

book I ever saw that is of any value in a garage."—Fred Jeffrey, Martins
urg. e .
“I wish to thank you for sending me a copy of 'Automobile Repairing Made Easy.‘ 1
do not. think it could be excelled."—S. W. Gisriel, Director of Instruction. Y. M. C. A.,
Philadelphia, Pa.

QUESTIONS AND ANSWERS RELATING TO MODERN AUTOMOBILE
CONSTRUCTION, DRIVING AND REPAIR. By VICTOR W. PAGE, ME.
A practical self-instructor for students, mechanics and motorists, consisting of thirty
seven lessons in the form of questions and answers, written with special reference to the
requirements of the non-technical reader desiring easily understood, explanatory
matter relating to all branches of automobiling. The subJectrmatter is absolutely
correct and explained in simple language. If you can't answer all of the following
questions, you need this work. The answers to these and nearly 2000 more are to
be found in its pages. Give the name of all important parts of an automobile and
describe their functions? Describe action 01’ latest types of kerosene carburetors?
What. is the diflerenee between a "double" ignition system and a. "dual" ignition
system? Name parts of an induction coil? How are valves timed? What is _an
electric motor starter and how does it work? What; are advantages of worm drive
gearing? Name all important types of ball and roller bearings? What is a. “three
uarter" floating axle? What. is a. two-speed axle? What is the Vulcan electric gear
s t? Name the causes of lost power in automobiles? Describe all noises due to
deranged mechanism and give causes? How can you adjust a. carburetor by the
color of the exhaust gases? What causes “popping” in the carburetor? What tools
and supplies are needed to equip a. car? How do you drive various makes of cars?
What is a differential lock and where is it used? Name different systems of Wire
wheel construction, etc. etc. A popular work at a. popular price. 5% x7 1A. Cloth.
700 pages, 350 illustrations, 3 folding plates. Price . . . . . .

\VHAT IS SAID OF THIS BOOK:
“If you own a car—get this book."—The Glassworker.
“Mr. Page has the faculty of making difficult subjects plain and understandable."—
Bristol Press.
“We can name no writer better qualified to prepare a. book of’ instruction on auto—
mobiles than Mr. Victor W. Pagé."—Scientific American.
“The best automobile catechism that has appeared."—Automobile Topics.
"There are few men. even with long experience, who will not find this book useful.
Great pains have been taken to make it accurate. Special recommendation must be
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given to the illustrations. which have been made specially for the work. Such ex
cellent books as this greatly assist in fully understanding your automobile."—En
gineering News.

MODERN STARTING, LIGHTING AND IGNITION SYSTEMS. By VICTOR
W. PAGE, M.E.
This practical volume has been written with special reference to the requirements of,the
non-technical reader desiring easily understood, explanatory matter. relating to all
types of automobile ignition. starting and lighting systems. It can be understood by
anyone. even without electrical knowledge. because elementary electrical principles are
considered before any attempt is made to discuss features of the various systems.
These basic principles are clearly stated and illustrated with simple diagrams. All the
leading systems of starting. lighllng and ignition have been described and illustrated with
the (to-operation of the experts employed by the manu acturers. Wiring diagrams are
shown in both technical and non-technical forms. Al symbols are fully explained. It
is a comprehensive review of modern starting and ignition system practice. and includes
a complete exposition of storage battery construction. care and repair. All types of
starting motors. generators. magnet-0s. and all ignition or lighting system units are
fully explained. The systems of cars already in use as well as those that are to come
in 1920 are considered. Every erson in the automobile business needs this volume.
5%x7}6.- Cloth. 804 pages. 492 llustrations. 3 folding plates. Price . . $8.00

GASOLINE AND KEROSENE CARBURETORS, CONSTRUCTION, IN
STALLATION AND ADJUSTMENT. By MAJOR VICTOR W. PAGE. A
New Up-to-date Book on Modern Carburetion Practice.

This is a simple. comprehensive. and authoritative treatise for practical men ex
plaining all basic principles pertaining to carburetion. showing how li uid fuels are
vaporized and turned into gas for operating all types of internal combustion engines in
tended to operate on vapors of gasoline. kerosene. benzol. and alcohol. All leading types
of carburetors are described in detail. special attention being given to the forms devised
to use the cheaper fuels such as kerosene. Carburetion troubles. fuel system troubles.
carburetor repairs and installation, electric primers and economizers, hot spot mani
folds and all modern carburetor developments are considered in a thorough manner.
Methods of adjusting all types of carburetors are fully discussed as well as sugges
tions for securing maximum fuel economy and obtaining highest engine power.
This book is invaluable to re airmen. students. and motorists, as it includes the
mast complete exposition on erosene carburetors ever published._ The drawings
showin carburetor construction are made from accurate engineering designs and
show a parts of late types of carburetors. 250 pages. 89 illustrations. . $2.00

HOW TO RUN AN AUTOMOBILE. By VICTOR W. PAGE.
This treatise gives concise instructions for starting and running all makes of gasoline
automobiles, how to care for them. and gives distinctive features of control. De
scribes every

stei)
for shifting gears. controlling engine. etc. Among the chapters

containedDare: . Automobile vParts and Their Functions. II. General Starting
and Drivmg Instructions. III. Typical 1919 Control Systems—Care of Auto
mobiles. Thoroughly illustrated. 178 pages. 72 illustrations. Price . . $1.60

THE AUTOMOBILIST’S POCKET COMPANION AND EXPENSE RECORD.
By VICTOR W. PAGE.
This book is not only valuable as a convenient cost record. but contains much in
formation of value to motorists. Includes a condensed digest of auto laws of all
States. a lubrication schedule. hints for care of storage battery. and care of tires.
location of road troubles. anti-freering solutions. horse-poviei~ table. driving hints
and many useful tables and recires of interest to all motorists. Not a technical
book in any sense of the word, just a collection of practical facts in simple language
for the every-day motorist. Convenient pocket size. Price . . .

AUTOMOBILE WELDING WITH THE OXY-ACETYLENE FLAME.‘ By
M. KEITH DUNHAM.
Explains in a simple manner apparatus to he used. itscare, and how to construct
necessary shop equipment. Proceeds then to the actual welding of all automobile

S



CATALOGUE OF GOOD, PRACTICAL BOOKS

park, in a manner understandable by every one. Gives rinciples never to be for
gotten. This book is of utmost value, since the ierplexing problems arising when
metal is heated to a melting point are fully explained and the proper methods to
overcome them shown. 167 pages. Fully illustrated. Price. . . . . $1.50

MOTORCYCLES AND SIDE CARS, THEIR CONSTRUCTION, MANAGE
MENT AND REPAIR. By VICTOR W. PAGE, M.E.
The only complete work published for the motorcyclist and repairman. Describes
fully all leading types of machines, their design, construction, maintenance, operation
and repair. This treatise outlines fully the operation of two- and four-cycle power
plants and all ignition, carburetion and lubrication systems in detail. Describes all
entatlve types of free engine clutches, variable speed gears and power trans

mission systems. Gives complete instructions for operating and repairing all types.
Oons'ders fully electric self-starting and lighting ystems, all types of spring frames
and spring forks and shows loading control methods. For those desiring technical
information a complete series of tables and many formulas to assist in designing are
included. The work tells how to figure ower needed to climb grades, overcome air
resistance and attain high speeds. It ows how to select gear ratios for various
weights and powers, how to figure braking efficiency required, gives sizes of befits and
chains to transmit power safely. and shows how to desi sprockets, bclt Tullcys, etc.
This work also includes complete formula for figuring arse-power, shows how dyna
mometer tests are made. defines relative efficiency of air- and water-cooled engines, plain
and anti-friction bearings and many other data of a practical, helpful, engineering
nature. Remember that you get this information in addition to the practical de
scription and instructions which alone are worth several times the price of the book.
600pages. 400 specially made illustrations,4folding plates. Cloth. Price . $3.00.

WHAT IS SAID OF THIS BOOK:
“ Here is a book that should be in the cycle repairer’s kit."—American Blacksmith. _“ The best way for any rider to thoroughly understand his machine, is to get a copy ,
of this book; it is worth many times its price."—Pamflc DIUMTCUCZZSL

AUTOMOBILE, AVIATION AND MOTORCYCLE CHARTS

AVIATION CHART—LOCATION OF AIRPLANE POWER PLANT TROUBLES
MADE EASY. By MAJOR VICTOR W. PAGITJ, A.S., S.C.U.S.ll.
A large chart outlining all parts of a typical airplane power plant, showing the points
where trouble is apt to occur and suggesting remedies for the common defects. In
tended especially for aviators and aviation mechanics on school and

fieéré

duty.
. ..........centsPrice..... . ..

CHART. GASOLINE ENGINE TROUBLES MADE EASY—A CHART SHOW
ING SECTIONAL VIEW OF GASOLINE ENGINE. Compiled by VICTOR
W. PAGE, M.E.
It shows clearly all

dFarts
of a typical four-cylinder gasoline engine of the four-cycle

type. It out-lines stinctly all parts liable to give trouble and also details the de
rangements apt to interfere with smooth engine operation.
Valuable to students, motorists, mechanics, repairmen, garagemen, automobile sales
men. chauffeurs, motorboat owners. motor-truck and tractor drivers, aviators, motor
cyclists. and all others who have to“ do with gasoline power plants. _It simplifies location of all engine troubles, and while it will prove invaluable to the
novice, it can be used to advantage by the more export. it should be 0.1 the walls of
every public and private garaze. automobile. repair shop. I'lli‘) housi- or school. It can
be carried in the automobile or pocket with ease, and will insure azainst loss of time
when engine trouble manifests itself.
Thh sectional view of engine is a complete review of all motor troubles. It is prepared
by a practical motorist for all who motor. More information for the money than ever
bdore ofl’ered. No details omitted. Size 25x38 inches. Securely mailed on receipt. . o.) centl---------....-.-~-.--
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CHART. LOCATION OF FORD ENGINE TROUBLES MADE EASY. Com
piled by VICTOR W. PAGE, M.E.
This shows clear sectional views depicting all portions of the Ford power plant and
auxiliary groups. It outlines clearly all parts of the engine, fuel supply syswm, igni
tion group and cooling system. that are apt to give trouble, detailing all derangements
that are liable to make an engine lose power, start hard or work irregularly. This
chart is valuable to students, owners, and drivers as it simplifies location of all engine
faults. 0f great advantage as an instructor for the novice. it can be used equally well
by the more expert as a work of reference and review. It can be carried in the tool~
box or pocket with ease and will save its cost in labor eliminated the first time engine
trouble manifests itself. Prepared with special reference to the average man‘s needs
and is a practical review of all motor troubles because it is based on the actual ex
erience of an automobile engineer-mechanic with the mechanism the chart describ.
t enables the non-technical owner or operator of a Ford car to locate engine de
rangements by systematic search, guided by easily recognized symptoms instead of by
guesswork. It makes the average owner independent of the roadside repair shop
when touring. Must be seen to be appreciated. Size 25x38 inches. Printed on
heavybond paper. Price . . . . . . . . . . . . . . 350ents

CHART. LUBRICATION OF THE MOTOR CAR CHASSIS. Compiled by
VICTOR W. PAGE, M.E.
This chart presents the plan view of a. typical six-cylinder chassis of standard design
and all parts are clearly indicated that demand oil. also the frequency with which they
must be lubricated and the kind of oil to use. A practical chart for all interested in
motor-car maintenance. Size 24x38 inches. Price . . . . . . . 85 cents

CHART. LOCATION OF CARBURETION TROUBLES MADE EASY. Oom
piled by VICTOR W. PAGITJ, M.E.
This chart shows all parts of a typical pressure feed fuel supply system and gives
causes of trouble, how to locate defects and means of remedying them. Size 24x38inches.Priee..................85cents
CHART. LOCATION F IGNITION SYSTEM TROUBLES MADE EASY.
Compiled by VICTOR . PAGfi, M.E.
In this diagram all parts of a typical double ignition system using battery and magneto
current are shown, and suggestions are given for readin finding ignition troubles and
eliminating them when found. Size 24x38 inches. Price . . . . . 35 cents

CHART. LOCATION OF COOLING AND LUBRICATION SYSTEM FAULTS.
Compiled by VICTOR W. PAGE, ME. ~

This composite diagram shows a typical automobile power plant using pump circulated
water-cooling system and the most popular lubrication method. Gives suggestions
for curing all overheating and loss of power faults due to faulty action of the oiling
or cooling group. Size 24x88 inches. Price . . . . . . . . . 35 cents

CHART. LOCATION OF STARTING AND LIGHTING SYSTEM FAULTS.
The most complete chart yet devised, showing all parts of the modern automobile
starting. lighting and ignition systems, giving instructions for systematic location of
all faults in wiring, lamps, motor or generator, switches and all other units. Invalu
able to motorists, chauffeurs and repairmen. Size 24x38 inches. Price . 36 cents

CHART. MOTORCYCLE TROUBLES MADE EASY. Compiled by VICI‘OB
W. PAGE, M.E.
A chart showing sectional view of a single-cylinder gasoline engine. This chart
simplifies location of all power-plant troubles. A single-cylinder motor is shown for
simplicity. It outlines distinctly all parts liable to give trouble and also details the
,derangements apt to interfere w1th smooth engine operation. This chart will prove
of value to all who have to do with the operation, repair or sale of motorcycles. No
details omitted. Size 30x20 inches. Price . . . . . . . . . . 35 cents
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AVIATION

A B C OF AVIATION. By MAJOR. VICTOR W. PAGE.
This book describes the basic rinciples of aviation. tells how a balloon or dirigible
is made and why it floats in t e air. Describes how an a' lane iiies. It shows in
detail the difl'erent parts of an airplane. what they are and w at they do. Describes
all types of airplanes and how they differ in construction; as well as detailing the
advantages and disadvantages of different types of aircraft. It includes a complete
dictionary of aviation terms and clear draw1ngs_of leading airplanes. The reader
will find simple instructions for unpacking, setting up. and rigging airplanes. A
full description of airplane control principles is given and methods of flying are dis
cussed at length.

This book answers every question one can ask about modern aircraft, their con
struction and operation. A self-educator on aviation without an equal. 275 pages.
130 specially made illustrations with 7 plates. Price . . . . . . . $2.50

AVIATION ENGINES~DESIGN; CONSTRUCTION; REPAIR. By Marcia
VICTOR W. PAGE, A.S., S.C.U.S.R.

This treatise. written by a recognized authority on all of the
aExifactical

aspects of
internal combustion engine construction. maintenance. and rep . fills the need as
no other book does. The matter is logically arranged; all descriptive matter is
simply expressed and copiously illustrated. so that anyone can understand airplane
engine operation and repair even if Without previous mechanical training. This
work is invaluable for anyone desu'ing to become an aviator or aviation mechanic.
The latest rotary types, such as the Gnome Monosou ape. and LeRhone. are fully
explained. as well as the recently developed Vee an radial types. The subjects
of carburetion, ignition. cooling. and lubrication also are covered in a thorough manner.The chapters on re air and maintenance are distinctive and\found in no other book
on this subject. ot a technical book. but a practical. easily understood work of
reference for all interested in aeronautical science. 576 pages. 253 illustrations.Price,net..................$3.00
GLOSSARY OF AVIATION TERMS~ENGLISH-FRENCH; FRENCH
ENGLISH. By MAJOR VICTOR W. PAofi, A.S., S.C.U.S.R., and Liam.
PAUL MONTARIOL, of the French Flying Corps.
A complete glossary of practically all terms used in aviation: having lists in both
French and English with equivalents in either language. Price, net . . $1.00

AVIATION CHART—LOCATION OF AIRPLANE POWER PLANT TROUBLES
MADE EASY. By MAJOR VICTOR W. PAGE, A.S., S.C.U.S.R.
A large chart outlining all parts of a typical airplane power plant. showing the points
where trouble is apt to occur and suggesting remedies for the common defects. In
tended especially for aviators and aviation mechanics on school and field duty.

3500M!

BRAZING AND SOLDERING

BRAZING AND SOLDERING. By JAMES F. HOBART.
The only book that shows you just how to handle any job of brazing or soldei'iu that
comes along: it tells you what mixture to use. how to make a. furnace if you nee one.Full of valuable kinks. The fifth edition of this book has just been published. and to
it much new matter and a large number of tested formulae for all kinds of solders and
fluxes have been added. Illustrated. . . . . . . . . . . . . . 35 cents
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CHARTS

AVIATION CHART—LOCATION OF AIRPLANE POWER PLANT TROUBLES
MADE EASY. By MAJOR VICTOR W. PAGE, A.S., S.C.U.S.R.
A large chart outlining all parts of a typical airplane power lant, showing the pom
where trouble is apt to occur and suggesting remedies or the common defects.

{)ifiended
especially for aviators and avration mechanics on school and

119312

dut .
eens

GASOLINE ENGINE TROUBLES MADE EASY—A CHART SHOWING SEC
TIONAL VIEW OF GASOLINE ENGINE. Compiled by VICI‘OR W. PAGE.
It shows clearly all parts of a typical four-cylinder gasoline engine of the four-cycle
type. It outlines distinctly all parts liable to give trouble and also details the do,
rangements apt to interfere with smooth engine operation.
Valuable to students, motorists, mechanics, repairman, garagemen, automobile sales
men. chauffeurs. motor—boat owners. motor-truck and tractor drivers, aviators, motor
cyclists. and all others who have to do with gasoline power plants.
It simplifies location of all engine troubles. and while it will prove invaluable to the
novice, it can be used to advantage by the more expert. It should be on the walls of
every public and private garage, automobile repair shop, club house or school. It can
be carried in the automobile or pocket with ease and will insure against loss of time
when engine trouble manifests itself.
This sectional view of engine is a complete review of all motor troubles. It is pre
pared by a practical motorist for all who motor. No details omitted. Size 25x38inches.......................86cents
LUBRICATION OF THE MOTOR CAR CHASSIS.
This chart presents the plan view of a typical six-cylinder chassis of standard design
and all parts are clearly indicated that demand oil, also the frequency with which they
must be lubricated and the kind of oil to use. A practical chart for all interested in
motor~car maintenance. Size 24x38 inches. Price . . . . . . . 85 cents

LOCATION OF CARBURETION TROUBLES MADE EASY.
This chart shows all parts of a typical pressure feed fuel supply system and gives
causes of trouble, how to locate defects and means of remedying them. Size 24x38
inches. Price . . . . . . . . . .. 35 cents

LOCATION OF IGNITION SYSTEM TROUBLES MADE EASY.
In this chart all parts of a typical double ignition system using battery and magneto
current are shown and suggestions are given for readily finding ignition troubles and
eliminating them when found. Size 24x38 inches. Price . . . . . 85 cents

LOCATION OF COOLING AND LUBRICATION SYSTEM FAULTS.
This composite chart shows a typical automobile power plant using pump circulated
water-cooling system and the most popular lubrication method. Gives suggestions
for curing all overheating and loss of power faults due to faulty action of the oiling or
cooling group. Size 24x38 inches. Price . . . . . . . . . 35 cents

LOCATION OF STARTING AND LIGHTING SYSTEM FAULTS.
The most complete chart yet devised, showing all parts of the modern automobile
starting, lighting and ignition systems, giving instructions (or systematic location of
all faults in Wiring, lamps, motor or generator, switches and all other units. Invaluable
to motorists, chauffeurs and repairman. Size 24x38 inches. Price . . 85 cents

MOTORCYCLE TROUBLES MADE EASY—A CHART SHOWING SEC
TIONAL VIEW OF SINGLE-CYLINDER GASOLINE ENGINE. Compiled
by VICTOR W. PAGE.
This chart simplifies location of all power-plant troubles, and will prove invaluable t
all who have to do with the operation, repair or sale of motorcycles. No de '
omitted. Size 25x38 inches. Price . . . . . . . . . - . 35 acute
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LOCATION OF FORD ENGINE TROUBLES MADE EASY. Compiled by
VICTOR W. PAon, M.E.
This shows clear sectional .views depicting all portions of the Ford power plant and
auxiliary groups. It outhnes clearly all parts of the engine, fuel supply system,
ignition group and coohng system, that are apt to give trouble, detailing all derange
ments that are liable to make an engine lose power, start hard or work irregularly. This
chart is valuable to students. owners, and drivers. as it simplifies location of all engine
faults. Of great advantage as an instructor for the novice, it can be used equally well
by the more expert as a work of reference and review. it can be carried in the tool
box or pockgt “1th ease and Will save its cost in labor eliminated the first time engine
trouble manifests itself. Prepared with special reference to the average man‘s needs
and is a practical review of all motor troubles because it is based on the actual ex
perience

of an automobile engineer‘mechanic with the mechanism the chart describes.
t enables the non-technical owner or operator of a Ford car to locate engine do
rangements by systematic search, guided by easily recognized symptoms instead of by
guesswork_. It makes the average owner independent of the roadside repair shop
when touring. Must be seen to be appreciated. Size 25x38 inches. Printed on heavybondpapcr. Price . . . . . . . . . . . . . . . . 35cents

ngliliivlfig)
SUBMARINE CHART—WITH zoo PARTS NUMBERED AND

A cross‘section view, showing clearly and distinctly all the interior of a Submarine of
the latest type. You get more information from this chart. about the construction and
operation of a Submarine. than in any other way. No details omitted—everything
is accurate and to scale. It is absolutely correct in every detail, having been approvedby Naval Engineers. All the machinery and devices fitted in a modern Submarine
Boat are shown. and to make the engraving more readily understood. all the features
are shown in operative form. with Officers and Men in the act of erforming the duties
assi ed to them in service conditions. This CHART IS REAL Y AN ENCYCLO—
PE IAOFASUBMARINE. . . . . . . . . . . . . . . Zocents

BOX CAR CHART.
A chart showing the anatomy of a boxcar, having every part of the car numbered and
its proper name given in a reference list. . . . . . . . . . . . 25 cents

GONDOLA CAR CHART.
A chart showing the anatomy of a gondola car, having every part of the car numbered
and its proper reference name given in a reference list. . . . . . . . 25 cents

PASSENGER-CAR CHART.
A chart showing the anatomy of a assenger-car, having every part of the car numbered
and its proper name given in a re erence list. . . . . . . . . . . 25 cents

75TEEL HOPPER BOTTOM COAL CAR.
A chart showing the anatomy of a steel Hopper Bottom Coal Car, having every part
of the car numbered and its proper name given in a reference list. . . . . 25 cents

TRACTIVE POWER CHART.
A chart whereby you can find the tractive power or drawbar pull of any locomotive
without making a figure. Shows what cylinders are equal, how drivin wheels and
steam pressure aflect the power. What sized engine you need to exert a given drawbar
pulloranythingyoudesireinthislme. . . . . . . . . . . . . 60 cents

HORSE-POWER CHART
Shows the horse-power of any stationary engine without calculation. No matter what
the cylinder diameter of stroke, the steam pressure of cut-off, the revolutions, or
whether condensing or non-condensing. it's all there. Easy to use. accurate, and
saves time and calculations. Especially useful to engineers and demgners. 50 cents
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BOILER ROOM CHART. By GEO. L. FOWLER.
A chart—size 14x28 inches—showing in isometric perspective the mechanisms be
longing in a modern boiler room. The various parts are shown broken or removed,
so that the internal construction is fully illustrated. Each part is given a, reference
number, and these, with the corresponding name, are given in a glossary printed at
the sides. This chart is really a dictionary of the boiler room—the names of more than
200partsbeinggiven. . . . . . . . . . . . . . . . . . 250ent|

COKE

COKE—MODERN COKING PRACTICE, INCLUDING ANALYSIS or
MATERIALS AND PRODUCTS. By J. E. CHRISTOPHER and T. H. BYROM.
This, the standard work on the subject, has just been revised and is now issued in
two volumes. It is a practical work for those engaged in Coke manufacture and
the recovery of By-products. Fully illustrated With folding plates. it has been
the aim of the authors. in preparing this book, to produce one which shall be of use
and benefit to those who are associated with, or interested in, the modern develop
ments of the industry. Among the chapters contained in Volume I _are: Introduc
tion. Classification of Fuels. Impurities of Coals. Coal Washing. Sampling
and Valuation of Coals, etc. Chlorific Power of Fuels. History of Coke Manu
facture. Developments in Coke Oven Design: Recent Typfm of Coke Ovens.
Mechanical Appliances at Coke Ovens. Chemical and _PhySIcal _Examination of
Co e. olume II_ covers By-products. Each volume is fully illustrated, withfolding plates. Price, per volume . . . . . . . . . . . . $8.00

COMPRESSED AIR

COMPRESSED AIR IN ALL ITS APPLICATIONS. By GARDNER D. Hiscox.

CONCRETE WALL FORMS. By A. A. HOUGHTON.

This is the most complete book on the subject of Air that has ever been issued, and its
thirty-five chapters include about every hase of the subject one can think of. It may
be called an encyclopedia of com ress air. It is written by an expert, who, in its
665 pages, has dealt with the sub ect in a comprehenswe manner, no

Eliase
of it being

omitted. Includes the physical properties of air from a vacuum to its ghest pressure,
its thermodynamics. compression, transmission and uses_a.s a motive power: in theOperation of Stationary and Portable Machinery, in Mining, Air Tools, Air Lii’ts,Pumping of Water, Acids, and Oils; the Air Blast for Cleaning and Painting, the
Sand Blast and its Work, and the Numerous Appliances in which Compressed Air is
a Most Convenient and Economical Transmitter of Power for Mechanical Work.
Railway Propulsion, Refrigeration. and the Various Uses to which Compressed Air
has been applied. Includes forty-four tables of the physical properties of air, it!
compression, expansion, and volumes required for various kinds of work, and a list
of patents on compressed air from 1875 to date. Over 500 illustrations, 5th Edition
revised and enlarged. Cloth bound. Price . . . . . . . . . . . $6.06

CONCRETE

JUST PUBLISHED—CONCRETE WORKERS’ REFERENCE BOOKS. A
SERIES OF POPULAR HANDBOOKS FOR CONCRETE USERS.
Prepared by A. A. HOUGliTON. . . . . . . . . . . . Each 60 centl
The author, in preparing this Series, has not only treated on the usual types of construction
{but explains and illustrates molds _and systems that are not patented, but which are equalin value and often superior to those restricted by patents. These molds are very easily and
chew lyfonstrucled and embody simnlirily, ra uidily of operation, and the most successful
rcsa Is m the molded concrete. Each of these Twelve books is fully illustrated. and the
SUDJGCIS are exhaustiver treated in plain English.

A new automatic wall clamp is illustrated with working drawings. Other types of
wall forms, clamps, separators, etc.. are also illustrated and explained.
(No.1ofSei-ies). . . . . . . . . , . . . . . . . . . . '75 cents.
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CONCRETE FLOORS AND SIDEWALKS. By A. A. HOUGIITON.
The molds for mol 9 uares. hexagonal and many other styles 01' mosaic floor and
ddewalk blocks are f y ' ustrated and explained. (No. 2 of Series) . . '76 cents

PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. HOUGHTON.
Complete working drawings and specifications are van for several styles of concrete
silos. with illustrations of molds for monolithic and lock silos. The tables, data. and
information presented in this book are of the utmost valueiin planning and constructing
all forms of concrete silos. (No. 3 of Series) . . . . . . . . . . '75 cents

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A.
HOUGHTON.
The manufacture of a 1 types of concrete slate and roof tile is fully treated. Valuable
data on all forms of reinforced concrete roofs are contained within its pages. The
construction of concrete chimneys by block and monolithic systems is fully illustrated
and described. _A number of ornamental digns of chimney construction with molds
are shown in this valuable treatise. (N o. 4 of Series.) . . . . . . . '75 cents

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. HOUGHTON.
The proper proportions of cement and aggregates for various finishes. also the method
of thoroughly mixing and placing in the molds. are fully treated. An exhaustive
treatise on this subject that every concrete worker will find of daily use and value.(No.5ofSories.)....................5cent|
CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By
A. A. HOUGHTON.
The molding of concrete monuments to imitate the most expensive cut stone is ex
plained in this treatise. with working drawings of easily built molds. Cutting in
scriptions and designs are also fully treated. (No. 6 of Series.) . . . '75 cents

MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUMS.
By A. A. HOUGHTON.
Simple molds and instruction are given for molding many styles of concrete bathtubs.
swimming-pools. etc. These molds are easily built and permit rapid and successful
work. (No. 7 of Series.) . . . . . . . . . . . . . '75 cents

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. HOUGHTON.
A number of ornamental concrete bridges with illustrations of molds are given. A
collapsible center or core for bridges. culverts and sewers is fully illustrated with de
tailed instructions for building. (N o. 8 of Series.) . . . . . '75 cents

CONSTRUCTING CONCRETE PORCHES. By A. A. HOUGHTON.
A number of designs with working drawings of molds are fully explained so any one
can easily construct different styles of ornamental concrete porches Without the pur
chase of expensive molds. (No. 9 of Series.) . . . . . . . . '76 cents

MOLDING CONCRETE FLOWER-POTS, BOXES, JARDINIERES, ETC.
By A. A. HOUGHTON.
The molds for producing many original designs of flower-pots, urns, flower-boxes.
jardinieres. etc., are fully illustrated and explained. so the worker can easily construct
and operate same. (No. 10 of Series.) . . . . . . . . . . '75 cents

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By A.
A. HOUGHTON.
The molding of a number of designs of lawn seats. curbing, hitching posts. pergolas. sun
dials and other forms of ornamental concrete for the ornamentation of lawns and gar
dens. is fully illustrated and described. (No. 11 of Series) . . . . . . '75 cents

CONCRETE FROM SAND MOLDS. By A. A. HOUGHTON.
A Practical Work treating on a process which has heretofore been held as a trade secret
by the few who possessed it. and which will successfully mold every and any class of
ornamental concrete work. The process of molding concrete With sand molds is of
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the utmost practical value, possessing the manifold advantages of a low cost of molds.
the ease and rapidity of operation, perfect details to all ornamental designs, density
and increased strength of the concrete, perfect curing of the work without attention
and the easy removal of the molds regardless of any undercutting the design may have.
192 pages. Fully illustrated. Price . . . . . . . . . . . . . . $2.00

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. HOUGHTON.
The process for making ornamental concrete without molds has lon been held as a
secret, and now. for the first time. this process is given to the pu lie. The book
reveals the secret and is the only book published which explains a simple, practical
method whereby the concrete worker is enabled, by employing wood and metal tem
plates of different designs, to mold or model in concrete any Cornice. Archivolt,
Column, Pedestal, Base Cap. Urn or Pier in a monolithic form—right upon the job.
These may be molded in units or blocks, and then built up to suit the specifications
demanded. This work is fully illustrated, with detailed engravings. Price . $2.00

CONCRETE FOR THE FARM AND IN THE SHOP. BY H. COLIN
CAMPBELL, C.E., E.M.
“Concrete for the Farm and in the'Shop" is a new book from cover to cover, illustrateing and describing in plain, simple language many of the numerous applications of
concrete within the range of the home worker. Among the subjects treated are:
Principles of reinforcing; methods of protecting concrete so as to insure proper harden
ing; home-made mixers; mixing by hand and machine; form construction, described
and illustrated by drawings and photographs; construction of concrete walls and
fences; concrete fence osts; concrete gate posts; corner posts; clothes line posts;
grape arbor posts; ta s; troughs; cisterns; hog waliqws; feeding floors and bam
yard pavements; foundations; well curbs and platforms; indoor floors; sidewalks: steps:
concrete hotbeds and cold frames: concrete slab roofs; walls for buildings; repairing
leaks in tanks and cisterns: and all topics associated with these subjects as bearing
upon securing the best results from concrete are dwelt upon at sufficient length in plain
every-day English so that the inexperienced person desiring to undertake a. piece of
concrete construction can. by following the directions set forth in this book, secure 100
per cent success every time. A number of convenient and practical tables for estimating
quantities, and some practical examples, are also given. (5 x 7). 149 pages, 51 ii
lustrations. Price . . . . . . . . . . . . . . $1.00

POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By
MYRON H. LEWis.
This is a concise treatise of the principles and methods employed in the manufacture
and use of cement in all classes of modern works. The author has brought together
in this work all the salient matter of interest to the user of concrete and its many
diversified products. The matter is presented in logical and systematic order, clearly
written, fully illustrated and free from involved mathematics. Everything of value to
the concrete user 1s given, including kinds of cement employed in construction, concrete
architecture. inspection and testing, waterproofingz coloring and painting, rules, tables.working and cost data. The book comprises thirty-three chapters, as follows:
Introductory. Kinds of Cements and How They are Made. Properties. Testing
and Requirements of Hydraulic Cement. Concrete and its Properties. Sand, Broken
Stone and Grave for Concrete. How to Proportion the Materials. How to Mix
and Place Concrete. Forms of Concrete Construction. The Architectural and Artistic
Possibh'ities of Concrete. Concrete Resulences. Mortars, Plasters and Stucco, and
How to Use them, The Artistic Treatment of Concrete Surfaces. Concrete Building
Blocks. The Making of Ornamental Concrete. Concrete Pipes, Fences. Posts, etc.
Essential Features and Advantages of Reenforced Concrete. How to DeSign Reen
forced Concrete Beams. Slabs and Columns. Explanations of the Methods and
Principles in Designing Reenforced Concrete Beams and Slabs. Systems oi Reen
forcement Employed. Reenforced Concrete in Factory and General Building Con
struction. Concrete in Foundation Work. Concrete Retaining Walls, Abutments
and Bulkheads. Concrete Arches and Arch Bridges. Concrete Beam and Girder
Bridges. Concrete in Sewerage and Drainage Works. Concrete Tanks. Dams and
Reservoirs. Concrete Sidewalks. Curbs and Pavements. Concrete in Railroad Con
structions. The Utility of Concrete on the Farm. The Waterproofing of Concrete
Structure. Grout olequid Concrete and Its Use. Inspection of Concrete Work. Cost
of Concrete Work. Some of the special features of the book are: 1. The Attention
Paid to the Artistic and Architectural Side of Concrete Work. 2. The Authoritative
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Treatment of the Problem of Waterproofing Concrete. 3. An Exccllcnt Summary of
the Rules to be Ij‘ollowed in Concrete Construction. 4. The Valuable Cost Data and
Useful 'l‘ables given. A valuable Addition to the Library of Every Cement and
ConcreteUser.l’rice. . . . . . . . . . . . . . . . . . . $3.00

WHAT IS SAID OF THIS BOOK:
“The field of Concrete Construction is well covered and the matter contained is Well
within the undeistanding of any person."—Enaineering-Contmcting.
"Should be on the bookshelves of every contractor, engineer. and architect in the
land."-——Natiunal Builder.

WATERPROOFING CONCRETE. By MYRON H. LEWis.
Modern Methods of Waterproofing Concrete and Other Structures. A condensed
statement of the Principles. Rules. and Precautions to be Observed in Waterproo
and Dampprooflng Structures and Structural Materials. Paper binding. Illustra .Price........................'75cents

DICTIONARIES

STANDARD ELECTRICAL DICTIONARY. By T. O'CONOR SLOANE.
An indispensable work to all interested in electrical science. Suitable alike for the
student and rofessional. A practical handbook of reference containing definitions of
about 5000 stinct words. terms and phrases. The definitions are terse and concise
and include every term used in electrical science. Recently issued. An entirely new
edition. Should be in the possession of all who desire to keep abreast with the progress
of this branch of science. Complete. concise and convenient. Nearly 800 pages. Nearly
BOOiIIustrations. 1920 Revised and Enlarged Edition. Price . . . . . $5.00

AVIATION TERMS—ENGLISH-FRENCH; FRENCH-ENGLISH. By IVIAJOR
VICTOR W. PAGE, A.S., S.C.U.S.R., and LIEUT. PAUL NIONTARIOL of the
French Flying Corps.
A complete glossary of practically all terms used in aviation. having lists in both
French and English with equivalents in either language. Include all words in
common use. A complete. well illustrated volume intended to facilitate conversa
tion between En lisii-speaking and French aviators. The lists are confined to essen
tials. and specia folding lates are included to show all important airplane parts.
The lists are divided into our sections: 1. Flying Field Terms. 2. The Airplane.
3. The Engine. 4. Tools and Shop Terms. Should be in every aviator's and
mechanic'skit.Price ................$1.00

DIES—METAL WORK

DIES: THEIR CONSTRUCTION AND USE FOR THE MODERN WORUNG
0F SHEET METALS. By J. V. Woonwonrii.
A most useful book. and one which should be in the hands of all engaged in the pras
working of metals; treatinz on the Designing. Constructing, and Use of Tools. Fixtures
and Devices, tosether with the manner in which they should be used in the Power
Press. for the cheap and rapid production of the izreat variety of sheet-metal articles
now in use. It is designed as a guide to the production of sheet-metal parts at the
minimum of cost with the maximum of output. The hardening and tempering of
Press tools and the classes of work which may be produced to the best advantage_by
the use of dies in the power press are fully treated. Its 505 illustrations show dies.
press fixtures and sheet-metal werkineI devices. the descriptions of which are so clear and
practical that all metal-working: mechanics will be able to understand how to design.
construct and use them. Many of the dies and press fixtures treated were either
constructh by the author or under his supervision. Others were built by skilful
mechanics and are in use in large sheet-metal establishments and machine shops.5thlsidltion.Price....................$3.50
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PUNCHES, DIES AND TOOLS FOR MANUFACTURING IN PRESSES. By
J. V. Woonwoii'rii. ,

This work is a companion volume to the author’s elementary work entitled “Dies, Their
Construction and Use." It does not go into the details of die-makin to the extent of
the author's previous book. but gives a comprehensive review of the old of operations
carried on by presses. A large part of the information given has been drawn from the
author's ersonal experience. It might well be termed an Encyclopedia of Die-Making,
Punch- aking. Die-Sinking, Sheet-Metal Working. and Making of Special Tools. Sub
presses, Devices and Mechanical Combinations for Punching. Cutting. Beiidin . Form
ing. Piercing, Drawing. Compressing and Assembling Sheet-Metal Parts. and -
cles of other Materials in Machine 1 ools. 2d Edition. Price . . . . . . $4.50

DROP FORGING, DIE-SINKING AND MACHINE-FORMING OF STEEL.
By J. V. Wooowoa'rri.
This is a practical treatise on Modern Shop Practice. Processes, Methods, Machine
Tools. and Details treating on the Hot and Cold Machine-Forming o

i’ Steel and Iron
into Finished chapes; 'ogether with Tools. Dies. and Machinery involved in the
manufacture of Duplicate Forgings and interchangeable Hot and Cold Pressed Parts
from Bar and Sheet Metal. This book fills a demand of long standin for information
regarding drop-forgings. die-sinking and ma ahine-forming _of stee and the shop
practice involved. as it actually exists in the modern drop-forging shop_. The processes
of die-sinking and forceFmaking, which are thoroughly described and illustrated in this
admirable work. are rarely to be found explained in such a clear and concise manner
as is here set forth. The process of die-sinking relates to_ the engravmg or sinking of
the female or lower dies. such as are used for drop-foi'g'ings. hot and cold machine
forging. swedging and the press working of metals. The process of force-making
relates to the engraving or raising of the male or upper dies used in producing the
lower dies for the press-forming and machine-forging of duplicate parts of metal.
In addition to the arts above mentioned the book contains explicit information re
figrding

the drop-forging and hardening plants. designs. conditions. equipment. drop
mmers. forging machines. etc.. machine forging. hydraulic forging. aiitogenous
welding and shop practice. The book contains eleven chapters. and the information
contained in these chapters is just what will prove most valuable to the forged-metal
worker. All operations described in the work are thoroughly illustrated by means 01’
erspective half—tones and outline sketches of the machinery employed. 300 detailed
ustrations. Price.

DRAWING—'SKETCHING PAPER

PRACTICAL PERSPECTIVE. By RICHARDS and COLVIN.
Shows just how to make all kinds of mechanical drawings in the only practical per
spective isometric. Makes everything plain so that any mechanic can understand
a. sketch or drawmg in this way. Saves time in the drawing room. and mistakes in the
shops. Contains practical examples of various classes of work. 4th Edition. '75 cent:

LINEAR PERSPECTIVE SELF-TAUGHT. By HERMAN T. C. KRAUB.
This work gives the theory and practice of linear perspective. as used in architectural,engineering and mechanical drawings. Persons taking up the study of the subjectby themselves Will be able, by the use of the instruction given. to readily grasp thesubject. and by reasonable practice become good perspective draftsmen. The arrange
ment of the book is_good; the plate is on the left-hand. while the descriptive text
follows on the opposite page. so as to be readily referred to. The drawings are on
sufficiently large scale to show the work clearly and are plainly figured. There is
included a self-explanatory chart which gives all information necessary for the thorough
understanding of perspective. This chart alone is worth many times over the price of
the book. 2d Revised and enlarged Edition. . . . . . . . . . . . $3.00

15



CATALOGUE OF GOOD, PRACTICAL BOOKS

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE
DESIGN. By F. L. SYLVESTER, M.E., Draftsman, with additions by ERIK
Oenno, associate editor of “Machinery.”

This is a, practical treatise on Mechanical Drawing and Machine Design, comprising
the first principles of gebmetric and mechamcal drawing. workshop mathematics.
mechanics. strength of materials and the calculations and design of machine details.
The author's aim has been to adapt this treatise to the requirements of the practical
mechanic and young draftsman and to present the matter in as clear and concise a
manner as possible. To meet the demands of this class of students, practically all the
important elements of machine design have been dealt with, and in addition algebraic
formulas have been explained, and the elements of trigonometry treated in the manner
best suited to the needs of the practical man The book is div'ided mto 20 chapters.
and in arranging the material, mechanical drawing, pure and simple, has been taken
up first. as a thorough understanding of the principles of re resenting objects facilitates
the further study of mechanical subjects. This is follow / by the mathematics neces
sary for the solution of the problems in machine design which are presented later, and
a practical introduction to theoretical mechanics and the strength of materials. The
various elements entering into machine design, such as cams, gears. sprocket-wheels,
cone pulleys, bolts, screws, couplings, clutches. shafting and fly-wheels. have been
treated in such a wa as to make possible the use of the work as a text-book for a
continuous course 0 study. It is easily comprehended and assimilated even by
students of limited previous training. 330 pages. 215 engravnigs. Price . . $2.50

A NEW SKETCHING PAPER.
A new specially ruled pa er to enable you to make sketches or drawings in isometric
perspective without any uring or fussin . It is being used for shop details as well
as for assembly drawings, as it makes one s etch do the work of three, and no workman
can help seeing just what is wanted. Pads of 40 sheets, _6x9 inches, 25 cents. Pads
0140 sheets. 9x12 inches. 50 cents; 40 sheets, 12x18, Price . . . . . . $1.00

ELECTRICITY

ARITHMETIC OF ELECTRICITY. By Prof. T. O’Conon Swarm.
A practical treatise on electrical calculations of all kinds reduced to a series of rules, all
01' the simplest forms, and involving only ordinary arithmetic; each rule illustrated
by one or more practical problems, with detailed solution of each one. _ This book is
classed among the most useful works ublished on the science of electricity, covering
as it does the mathematics of electric ty in_ a manner that Will attract the attention
gfthose

who are not familiar with algebraical formulas. 20th Edition. 160
.

COMMUTATOR CONSTRUCTION. By WM. BAXTER, JR.
The business end of any dynamo or motor of the dirth current ty e is the commutator.This book goes into the designing, building, and maintenance 0 commutators, shows
how to locate troubles and how to remedy them; everyone who fusses With dynamos
needsthis. 4thEdition . . . . . . . . . . . . . . . . . 35 cents

DYNAMO BUILDING FOR AMATEURS, 0R HOW TO CONSTRUCT A

gIFTY-WATT
DYNAMO. By ARTHUR J. WEED, Member of N. Y. Electrical

ociety.

A practical treatise showing in detail the construction of a Small dynamo or motor, the
entire machine work of which can be done on a small foot lathe. Dimensroned workmgdrawings are given for each piece of machine work, and each operation is clearly
described. This machine, when used as a dynamo. has an output of fifty watts: when
used as a motor it will drive a small drill press or lathe. It can be used to drive a
sewin‘: machine on any and all ordinary work. The book is illustrated with more
than sixty original engravings showing the actual construction of the different parts.Among the contents are chapters on: 1. Fifty-Watt Dynamo. 2. Side Bearing
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Rods. 3. Field Punching. 4. Bearings. 5. Commutator. 6. Pulley. 7. Brush
Holders. 8. Connection Board. 9. Armature Shaft. 10. Armature. 11. ArmatureWinding. 12. Field Windmg. l3. Connecting and Starting. Price, cloth, $1.00

ELECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By NEWTON
HARRISON.

_A thoroughly practical treatise covering the subject of Electric Wiring in all its branches.including explanations and diagrams which are thoroughly explicit and greatly simplify
the subject. _Practical, every-day problems in wiring are presented and the methodof obtaining intelligent results clearly shown. Only arithmetic is used. Ohm’s law
is given a Simple explanation_wi_th reference to wiring for direct and alternating
currents. The fundamental principle of drop of potential in circuits is shown with itsvarious applications. 'ihe Simple circuit is developed with the position of mains.
feeders and branches; their treatment as a part of a wiring plan and their employ
ment in house wiring clearly illustrated. Some simple facts about testing are included
in connection With the Wiring. Molding and conduit work are given careful consideration; and sWitchboards are systematically treated. built up and illustrated, shoWin
the purpose they serve. for connection with the circuits. and to shunt and oompoung
wound machines. The simple principles of switchboard construction, the develo -
ment of the smtchboard, the connections of the various instruments, including a
lightning arrester. are also plainly set forth.
Alternating current wiring is treated, with explanations of the power factor. conditionscalling for various sizes of wire. and a. simple way of obtaining the sizes for sin le-phase.
two—phase and three-phase circuits. This is the only complete work issu showing
and telling you what you should know about direct and alternating current wiring. It
is a ready reference. The work is free from advanced technicalities and mathematics.
arithmetic being used throughout. It is. in every respect a handy. well-written.
instructive. comprehensive volume on wirin for the wireman. foreman. contractor.
or electrician. 272 pages; 105 illustrations. rice . . . . . . . . . $2.50

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR
CONSTRUCTION. By Prof. T. O’C0N0R SLOANE.
This work treats of the making at home of electrical toys. electrical apparatus. motors
dynamos and instruments in general. _and is designed to bring within the reach 0young and old the manufacture of genuine and useful electrical appliances. The work
is especially designed for amateurs and young folks.
Thousands of our young people are daily ex erimenting, and busily engaged in making
electrical toys and apparatus of various kin s. The present work is Just what is want
ed to ive the much needed information in a plain. practical manner. with illustrations

e easy the carrying out of the work. 20th Edition. Price . . . . $1.60.M‘

ELECTRICIANS’ HANDY BOOK. By Prof. T. O’CONOR SLOANE.
This work is intended for the practical electrician who has to make things go. The
entire field of electricity is covered within its pages. _Among some of the subJects treated
are: The Theory of the Electric Current and Circuit. Electro-Chemistry, Primary
Batteries. Storage Batteries, Generation and Utihzation of Electric Powers, Alter
nating Current. Armature Winding. Dynamos and Motors, _Motor Generators.Operation of the Central Station Switchboards. Safety Appliances. Distribution
of Electric Light and Power. Street Mains. Transformers. Arc and IncandescentLighting. Electric Measurements. Photometry. Electric Railways, Telephony.~ Bell
Wiring. Electric-Plating. Electric Heating. Wireless Telegraphy. etc. It contains no
useless theory; everything is to the point. It teaches you Just what you want toknow about electricity. It is the standard work pubhshed on the suhiect. Fortysix chapters, 600 engravings. 1920 Revised and Enlarged Edition. Price . $4.00

ELECTRICITY SIMPLIFIED. By Prof. T. O’CONOR SLOANE.
The ob'ect of "Electrlcl Sim lifled" is to make the subject as plain as possible and
to shovJv what the modgn cogception of electricity is; to show how two plates of
different metal. immersed in acid. can send a message around the globe: to exglainhow a bundle of copper wire rotated by a steam engine can be the agent in lig ting
our streets. to tell what the volt. ohm and ampere are. and what high and low tension
mean: and to answer the questions that perpetually arise in the mind in this age

of
electricity. 18th Edition. 172 pages. Illustrated. Price . . . . . . S .60
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EXPERIMENTAL WIRELESS STATIONS. By P. E. EDELMAN.
The theory, design. construction and operation is fully treated including Wireless
Telephony, Vacuum Tube. and quenched spark systems. The new enlarged 1920
edition is just issued and is strictly

u
p
l to date, correct and complete. This book tells

how to make apparatus to not only ear all telephoned and telegraphed radio mess
ages. but also how to make simple equipment that works for transmission over rea
sonably long distances. Then there is a host of new information included. The
first and only book to ve you all the recent important radio improvements, some
of which have never be ore been published. This volume anticipates every need of
the reader who wants the gist of the art. its principles, simplified calculations, appara
tus dimensions. and understandable directions for efficient operation.
Vacuum tube circuits; amphflers; long-distance sets; loop. coil, and underground
receivers: tables of wavelengths.

capacitly,
inductance; such are a few of the sub

jects resented in detail that satisfies. t is independent and one of the few that
descri a'll modern systems.
Endorsed by foremost instructors for its clear accuracy. preferred by leading amateurs
for its dependable designs. The new experimental Wireless Stations is sure to be most
satisfactory for your purposes. 24 chapters. 167 illustrations. Price . , $8.00

HOUSE WIRING. By THOMAS W. POPPE.
This work describes and illustrates the actual installation of Electric Light Wirin .

the manner in which the work should be done. and the method of doing it. he boo
can be conveniently carried in the pocket. It is intended for the Electrician. Helper
and Apprentice. It solves all Wiring Problems and contains nothing that conflicts
with the rulings of the National Board of Fire Underwriters. It gives just the informa
tion essential to the Successful Wiring of a Building. Among the subjects treated are:
Locating the Meter. Pancl Boards. Switches. Plug Receptacles. Brackets. Ceiling
Fixtures. The Meter Connections. The Feed Wires. The Steel Armored Cable
System. The Flexible Steel Conduit System. The Ridig Conduit System. A digest
of the National Board of Fire Underwriters' rules relating to metallic wiring systems.
Various switching arrangements explained and diagrammed. The easiest method of
testing the Three- and Four-way circuits explained. The grounding of all metallic
wiring systems and the reason for doing so shown and explained. The insulation of
the metal parts of lamp fixtures and t reason for the same described and illustrated.

£25
pages. 2nd Ldition. revised an enlarged. Fully illustrated. Flexible

(illotgt)

WHAT IS SAID OF THIS BOOK:
“The information given is exact and exhaustive without being too technical or over
laden with details. —Uruggists' Circular.

HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T. O’Ooson
SLOANE.
Every young man who wishes to become a successful electrician should read this book.
It teUs in simple language the surest and easiest way to become a successful electrician.
The studies to be followed. methods of work. field of operation and the requirements
of the successful electrician are pointed out and fully explained. Every young en
gineer will find this an excellent stepping stone to more advanced works on electricity
which he must master before success can be attained. Many young men become dis
couraged at the Very outstart by attempting to read and study books that are far
beyond their comprehension. This book serves as the connecting link between the
rudiments taught in the public schools and the real study of. electricity. It is inter
esting from cover to cover. E'ghteenth Revised Edition. Just issued. 205 pages.

STANDARD ELECTRICAL DICTIONARY. By T. O’Cosoa SLOANE.
An indispensable work to all interested in electrical science. Suitable alike for the
student and professional. A practical handbook of reference containing definitions
of about 5.000 distinct words. terms and phrases. The definitions are terse and
concise and include every term used in electrical science. Recently issued. An en
tirely new edition._ Should be in the possession of all who desire to keep abreast with
the progress of this branch of science. In its arrangement and typography the book
is very convenient. The word or term defined is printed in black-faced type which
readily catches the eye. while the body of the page is in smaller but distinct type. The
definitions are well worded, and so as to be understood by the non-technical reader.
The general plan seems to be to give an exact. concise definition, and then amplify
and explain in a more popular way. Synonyms are also given. and references to other
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i ,_ , _F-_ .__

words and phrases are made. A very complete and accurate index of fifty pages is
at the end of the volume; and as this index contains all synonyms, and as all phrases
are indexed in every reasonable combination of words. reference to the proper place
in the body of the book is readily made. It is difficult to decide how far a book of
this character is to keep the dictionary form, and to what extent it may assume the
encyclopedia form. For some urposes, concise. exactly worded definitions are needed;
for other purposes, more exten ed descriptions are required. This book seeks to satisfy
both demands. and does it with considerable success. Complete, concise and con
venient. 800 pages. Nearly 500 illustrations. 1920 Revised and Enlarged

Editirgéir100........-.--------..--- -

SWITCHBOARDS. By WILLIAM BAXTER, JR.
This book appeals to every engineer and electrician who wants to know the practicalside of things. It takes up all sorts and conditions of dynamos, connect ons and
circuits. and shows by diagram and Illustration Just how the sw1tchboard should be
connected. Includes direct and alternating current boards. also those for are lighting.
incandescent and power circuits. Special treatment on high voltage boards for power
transmission. 2d Edition. 190 pages. Illustrated. Price . . . . . . $2.00

TELEPHONE CONSTRUCTION, INSTALLATION, WIRING, OPERATION
AND MAINTENANCE. By W. H. RADCLIFFE and H. C. Cusnmo._
This book is intended for the amateur. the wireman. or the engineer who desires to
establish a_ means of telephonic communication between the rooms of his home. oflice.

2
1
:; shop. It deals only with such things as may be of use to him rather than With

eories.
Gives the principles of construction and operation of both the Bell and Independent
instruments; approved methods of installing and wiring them; the means of protecting
them from lightning and abnormal currents; their connection together for operation
as series or bridging stations; and rules for their ins ection and maintenance. Line
wiring and the wiring and operation of special telep one systems are also treated.
Intricate mathematics are avoided.and all apfparatus.

circuits and systems are thor
oughly described. The appendix contains de nitions of units and terms used in the
text. Selected wiring tables. which are very helpful. are also included. Among the
subjects treated are Construction. Operation. and Installation of Tele hone Instru
ments; Inspection and Maintenance of

Telephone
Instruments; Te ephone Line

Wiring; Testing Telephone Line Wires and Cab es; Wiring and Operation of SpecialTelephone Systems. etc. 2nd Edition. rev1sed and enlarged. 223 pages. 154illustrations.....................1.50
WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINED. By
ALFRED P. MORGAN.
This is undoubtedly one of the most complete and comprehensible treatises on the
subject ever published.and a close study of its pages will enable one to master all the
details of the wireless transmission of messages. The author has filled a long-felt
want and has succeeded in furnishing a _lucid. comprehensible explanation in simple
language of the theory and practice of Wireless telegraphy and telephony.
Among the contents are: Introductory; Wireless Transmission and Reception—The
Aerial System. Earth Connections—The Transmitting Apparatus. Spark Coils and
Transformers. Condensers. Helixes. Spark Gaps, Anchor Gaps. Aerial Switches—The
Receiving Apparatus. Detectors. etc—Tuning and Coupling. Tuning Coils. Loose
Couplers. Variable Condensers. Directive Wave Systems—Miscellaneous A paratus.Telephone Receivers. Range of Stations. Static Interference—Wireless Te ephones.
Sound and Sound Waves.The Vocal Cords and Ear—Wireless Telephone. How Sounds
Are Changed into Electric Waves—Wireless Telephones, The Apparatus—Summary.
154 pages. 156 engravings. Price . . . . . . . . . . . . $1.50

WHAT IS SAID OF THIS BOOK:
“This book should be in both the home and school library."—The Youihs' law-union

WIRING A HOUSE. By HERBERT PRATT.
Shows a house already built: tells just how to start about wiring it; where to begin;
what wire to use; how to run it according to Insurance Rules; in fact. just the informa
tion you need. Directions apply equally to a shop. Fourth edition . . 85 cents
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RADIO TIME SIGNAL RECEIVER. By AUSTIN C. LESCARBOURA.
This new book, “A Radio Time Signal Receiver," tells you how to build a simple
outfit designed expressly for the bG‘HDDGI‘. You can build the outfits in your own
workshop and install them for jewe ers either on a one-payment or a rental basis.
The apparatus is of such simple design that it may be made by the average amateur
mechanic possessing a few ordinary tools. 42 pages. Paper. Price . . 35 cents

CONSTRUCTION OF A TRANSATLANTIC WIRELESS RECEIVING SET.
By L. G. PACENT and T. S. CURTIS.
A work for the Radio student who desires to construct and operate apparatus that
will ermit oi’ the reception of messages from the large stations in Europe with anMai of amateur proportions. 36 pages. 23 illustrations, cloth. Price . 35 cents

ELECTRIC BELLS. By M. B. SLEEPER.
A complete treatise for the practical worker in installing, operati . and
bell circuits. burglar alarms, thermostats, and other apparatus use with electric
bells. Both the electrician and the experimenter Will find in this book new material
which is essential in their work. Tools, bells, batteries, unusual circuits, burglar
alarms, annunciators, systems. thermostats, circuit breakers, time alarms. and other
a paratus used in hell circuits are described from the standpoints of their applica
on. construction. and repair. The detailed instructions for building the apparatuswill appeal to the ex enmenter particularly. The ractical worker will find the
chapters on Wiring alculation of Wire Sizes and agnet Windings, Upkeep of
Systems and the Location of Faults of the greatest value in their work. 124 pages.
Fuliyiiiustrated.Price 75mm;

EXPERIMENTAL HIGH FREQUENCY APPARATUS—HOW TO MAKE
AND USE IT. By THOMAS STANLEY CURTIS. -

This book tells
{on
how to build simple high uency coils for experimental purpose

in the home, so 001 laborato . or on the small ecture platform. The book is really
a supplement to the same aut or's “

High
Frequency

3
1
p aratus." The experimental

side only is covered in this volume. w 'ch is intend or those who want to build
small cells giving up to an eighteen-inch spark. The book contains valuable in
formation tor the ph sies or the manual training teacher who is on the lookout forinteresting projects or his boys to build or experiment with. The apparatus is

sinlifle.
cheap and perfectly safe. and With it some truly startling experiments may be

e orrned. Among the contents are: Induction Coll Outfits Operated on Battery
urrent. Kicking Coil Apparatus. One-Half Kilowatt Transformer Outfit. Parts
and Materials, etc. etc. 69 pages. Illustrated. Price . > . . . . 50 cents

HIGH FRE UENCY APPARATUS, ITS CONSTRUCTION AND PRACTICAL
APPLICA ION. By THOMAS STANLEY CURTis
The most comprehensive and thorough work on this interesting subject ever produced.
The book is essentially practical in its treatment and it constitutes an accurate record
of the researches of its author over a period of several years. during which time dozensof coils were built and experimented with. The work has been divided into srx basrcparts. The first two chapters tell the uninitiated reader what the high frequency
Current is. what it is used for, and how it is produced. The second section. comprising
four chapters, describes in detail the principles of the transformer. condenser. spark
gap. and oscillation transformer, and covers the main points in the design and con
struction of these devices as a plied to the work in hand. The third section covers
the construction of small high rcquency outfits designed for experimental work in the
home laboratory or in the classroom. The fourth section is devoted to electrOtherapeutic and X-Ray apparatus. The fifth describes apparatus for the cultivationof plants and vegetables. The sixth section is devoted to a comprehensive discussmn
of apparatus of large size for use upon the stage in spectacular reductions. The
closing chapter, givmg the current prices of the Parts and materia required for the
construction of the apparatus described. is included with a view to expediting the
purchase of the necessary goods. The Second Edition includes much new matter
along the line of home-made therapeutic outfits for physicians' use. The matter on
~electro plant culture has also been elaborated upon. Second Revised and Enlarged
Edition. 248 pages. 1920. Fully illustrated. Price . . . . . . - $8.00
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STORAGE BATTERIES SIMPLIFIED. BY VICTOR W. PAGE, M.S.A.E.
A complete treatise on storage battery operating principles, repairs and applications.
The greatly increasing application of storage batteries in modern engineering and
mechanical work has created a demand for a book that will consider this subject
completely and exclusively. This is the most thorough and authoritative treatbe
ever published on this subject. it is written in easily understandable. non technical
language

so that any one may
grasp

the basic principles of storage battery action as
wel as their practical industria applications. All electric and gasoline automobiles
use storage batteries. Every automobile repairman. dealer or salesman should have a
good knowledge of maintenance and repair of these important elements of the motor
car mechanism. This book not only tells how to charge, care for and rebuild storage
batteries but also outlines all the industrial uses. Learn how they run street cars.
locomotives and factory trucks. Get an understanding of the important functions they
perform in submarine boats. isolated lighting plants, railway switch and signal systems,
marine applications. etc. This book tells how they are used in central station standby
service. for starting automobile motors and in ignition systems. Every practical use
of the modern storage battery is outlined in th1s treatise.
Chapters contained are: Chapter l—Storage Battery Development—Typos of Storage
Batteries—Lead Plate Types—The Edison Cell. Cha ter 2—Storage Battery
Construction—Plates and Grids—Planté l’lates—Fauré P ates—Non-Lead Plates—
Commercial Battery Designs. Chapter 3—(Jharg1ng Metilodk—Rectifiers—Con
verters—Rheostats—Rules for Charging. Chapter 4—Battery Repairs and Main
tenance. Chapter 5—Industrial Application of Storage Batteries—Glossary of
Storage Battery Terms. 208 pages. Fully illustrated. Price . . . . $2.00

ELECTROPLATEE

A NEW ELECTROPLATING BOOK. By KENNETH M. CQGGESHALL.
This is one of the most

comlglete
and practical books on electroplating and allied

rocesses that has been pub bed as a text for the student or professional plater.
t is written in simple language and explains all details of electroplating in a concise
yet complete manner. It starts at the beginning and gives an elementary outline
of electricity and chemistry as relates to plating. then considers sho layout and
ui ment and gives all the necessary information to do reliable and pro table electro
p at in a modern commercial mannerv Full instructions are given for the prepara
tion and finishing of the work and formulas and com lets directions are included for
making all kinds of plating solutions. many of these ving been trade secrets until
published in this instruction manual. Any one interested in practical listing and
metal finishin will find this book a valuable guide and complete manual
Cloth. 135 ustrations. Nearly 300 pages. Price . . . . . . . . £8.00

FACTORY MANAGEMENT, ETC.

MODERN MACHINE SHOP CONSTRUCTION, EQUIPMENT AND
MANAGEMENT. By 0. E. PERRIGO, M.E..
The only work published that describes the modern machine sho or manufact
plant from the time the grass is

growmg
on the site intended for t until the finish

product is ship . By a carefu study of its thirty-two chapters the practical manmay economlca y build. eificiently eq dip. and successfully manage the modern machine
shop or manufacturing establishment. Just the book needed by those contemplating
the erection of modern sho buildings. the rebuilding and reorganization of old ones.
or the introduction of m cm shop methods. time and cost systems. It is a book
written and illustrated by a practical shop man for practical shop men who are t00busy to read theones and want farls. It is the most- complete all-around book of its
kind ever published. It is a practical book for practical men. from the apprentice in
the shop to the resident in the oliice. It minutvly describes and illustrates the most
simple and yet 0 most etflcient time and cost system yet devised. Pricc . $5.00
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FUEL

COgBBSTION
OF COAL AND THE PREVENTION OF SMOKE. By WM.

. Allit.
This hook has been prepared with special reference to the generation of heat by the
combustion of the common fuels found in the United States, and deals particularly
with the conditions necessary to the economic and smokeless combustion of bituminous
coals in Stationary and Locomotive Steam Boilers.
The presentation of this important sub'ect is systematic and progressive. The ar
rangement of the book is in a series 0 practical questions to which are appended
accurate answers. which describe in language. free from technicalities. the several
processes involved in the furnace combustion of American fuels; it clearly states the
essential requisites for perfect combustion. and points out the best methods for furnace
construction for obtaining the greatest quantity of heat from any given quality of

Nearly 350 pages, fully illustrated. Price . . . . . . . . . . $1.50

GAS ENGINES AND GAS

THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR
AND USES. By XENO W. PUTNAM.

GA‘SOLINE
ENGINES: THEIR OPERATION, USE AND CARE. ' By A. HYA'IT

ERRILL.

This is a practical treatise on the Gasoline and KerOsene Engine intended for the man
who wants to know just how to manage his engine and how to apply it to all kinds of
farm work to the best advantage.
This book abounds with hints and helps for the farm and suggestions for the home
and housewife. There is so much of value in this book that it is impossible to ade
quately describe it in such small space. Suffice to say that it is the kind of a book
every farmer will appreciate and every farm home ought to have. includes selecting
the most suitable engine for farm work. its most convenient and cil'icient installation,
with chapters on troubles, their remedies. and how to av01d them. The care and
management of the farm tractor in plowing, harrowing, harvesting and road

gradgiagare fully covered; also plain directions are given for handling the tractor on the ro .
Special attention is given to relieving farm life of its drudgery by applying power to
the disagreeable small tasks which must otherwise be done by hand. Many home
made contrivances for cutting wood, supplying kitchen. garden. and barn with water.loading. hauling and unloading hay. delivering grain to the bins or the feed trough
are included: also full directions for making the engine milk the cows. clmrn._ wash.
sweep the house and clean the windows, etc. Very fully illustrated with draw1_ngs of
working parts and cuts showing Stationary, Portable and Tractor Engines doing all
kinds of farm work. All money-making farms utilize power. Learn how to utilize
power by reading the pages of this book. It is an aid to the result getter. invaluable
to the up-to-date farmer, student. blacksmith. implement dealer and. in fact. all who
am apply practical knowledge of stationary gasoline engines or gas tractors to advan
tage. 530 pages. Nearly 180 engravings. Price . . . . . . . . . . $8.00

WHAT IS SAID 'OF THIS BOOK;
“Am much pleased with the book and find it to he very complete and up-to-date.I will heartily recommend it to students and farmers whom I think would stand in
need of such a work. as I think it is an exceptionally good one."—-N. S. Gardiner.Prof. in Charge, Clemson Agr. College of S. 0.; Dept. of Agri. and Agri. Exp. Station.
Clemson College. 8. C.
"I foel that M_r. Putnam‘s book covers the main points which a farmer should know."
-—R. T. Eurdtck. Instructor in Agronomy, University of Vermont. Burlington. Vt.
“It will be a valuable addition to our library upon Farm Machinery."-—-Jame8 A.Farm, Inst. in Agra. Engineering, State University of Ky., Lexington. Ky.

'I‘he_simpiest. latest and most comprehensive popular work published on Gasoline

Engine.
describing what the Gasoline Engine is: its construction and operation: how

to to]! it; how to select it; how to use it and how to remedy troubles encountered.
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Intended for Owners, Operators and Users of Gasoline Motors of all kinds. This
work fully describes and illustrates the various types of Gasoline Engines used in
Motor Boats, Motor Vehicles and Stationary Work. The parts, accessories and
appliances are described, with chapters on ignition, fuel, lubrication, operation and
engine troubles. Special attention is given to the care. operation and repair of motors,
with useful hints and suggestions on emergency repairs and makeshifts. A complete
glossary of technical terms and an alphabetically arranged table of troubles and their
symptoms form most valuable and unique featurw of this manual. Nearly every
illustration in the book is original, having been made by the author. Every page is
full of interest and value. A book which you cannot afford to be without. 275 pages.
152 specially made engravings. Price . . . . . . . . . . . . . . $2.00

GAS, GASOLINE, AND OIL ENGINES. By GARDNER D. HISCOX.
Just issued, 22d revised and enlarged edition. Every user of a gas engine needs this
book. Simple, instructive, and right up-to-date. The only complete work on the
subject. Tells all about the running and management of gas, gasoline and oil engines,
as designed and manufactured in the United States. Explosive motors for stationary
marine and vehicle power are fully treated, together with illustrations of their parts
and tabulated sizes. also their care and running are included. Electric ignition by
induction coil and jump spark are fully explained and illustrated, including valuable
information on the testing for economy and power and the erection of power plants.
The rules and regulations of the Board of Fire Underwriters in regard to the installation
and management of gasoline motors are given in run, suggestin the safe installation
of explosive motor power. A list of United States Patents issu on gas, gasoline, and
oil engines and their adjuncts from 1875 to date is included. 640 pages. 435 engrav
ings. Folding plates. Price . . . . . . . . . . . . . . . . $8.00

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE
POWER GAS ENGINE. By PARSELL and WEED.
A practical treatise of 300 pages describing the theory and principles of the action of
Gas Engines of various types and the design and construction of'a half-horse-power
Gas Engine, with illustrations of the work in actual progress, together with the dimen
sioned working drawings, giving clearly the sizes of the various details; for the student,
the scientific investigator, and the amateur mechanic. This book treats of the subject
more from the standpoint of practice than that of theory. The principles of operation
of Gas Engines are clearly and simply described, and then the actual construction of a
half-horse-powcr engine is taken up, step by step, showing in detail the making of the
Gas Engine. 3d Edition. 300 pages. Price . . . . . . . . . . . $3.00

HOW TO RUN AND INSTALL GASOLINE ENGINES. By C. VON CULIN.
Revised and enlarged edition 'just issued. The object of this little book istofurnish
a pocket instructor for the beginner, the busy man who uses an engine for pleasure or
profit, but who does not have the time or inclination for a technical book, but simply
to thoroughly understand how to properly operate, install and care for his own engine.
The index refers to each trouble, remedy, and subject alphabetically. Being a quick
reference to find the cause, remedy and prevention for troubles, and to become an
expert with his own engine. Pocket size. Paper binding. Price . . 25 cents

THE MODERN GAS TRACTOR. By VICTOR W. PAGE.
A complete treatise describing all types and sizes of gasoline, kerosene and oil tractors.
Considers design and construction exhaustively, gives complete instructions for care,
operation and repair, outlines all practical applications on the road and in the field.
The best and latest work on farm tractors and tractor power plants. A work needed
by farmers, students, blacksmiths, mechanics, salesmen, implement dealers, designers
and engineers. 500 pages. Nearly 300 illustrations and folding plates. Price $3.00

CHEMISTRY OF GAS MANIIFACTURE. By H. M. ROYLE.
This book covers points likely to arise in the ordinary course of the duties of the
engineer or manager of a gas works not large enough to necessitate the employment
of a separate chemical staff. It treats of the testing of the raw materials employed
in the manufacture of illuminating coal gas and of the gas produced. The preparation
of standard solutions is given as well as the chemical and hysical examination of gas

5% x 8%. Cloth, 328 pages, 82 illustrations, 1 co ored plate. Price $5.00
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GEARING AND CAMS

BEVEL GEAR TABLES. By D. AG. ENGSTROM.
A book that will at once commend itself to mechanics and draftsmen. Does away
with all the trigonometry and fancy figuring on bevel gears. and makes it easy for any
one to lay them out or make them Just right. There are 36 full-page tables that
show every necessary dimension for all sizes or combinations you‘re apt to need. No
puzzling, figuring or guessing. Gives placing distance, all the angles (including
cutting angles), and the correct cutter to use. A copy of this prepares you for any
thing in the bevel-gear line. 3d Edition. 66 pages. . . . . . . . . $1.50

CHANGE GEAR DEVICES. By OSCAR E. PERBIGO.
A practical book for every designer. draftsman. and mechanic interested in the inven
tion and development of the devices for feed changes on the different machines requir
ing such mechanism. All the necessary information on this subject is taken up,
analyzed, classified. sifted, and concentrated for the use of busy men who have not the
time to go through the masses of irrelevant matter with which such a subject is usu
ally encumbered and select such information as will be useful to them.
It shows just what has been done. how it has been done, when it was done. and who
did it. It saves time in hunting up patent records and re-inventing old ideas.

5
8
8

DRAFTING OF CAMS. By Lotns ROUILLION.
The laying out of cams is a serious problem unless you know how to go at it right.
This puts you on the right road for practically any kind of cam you are likely to run
upagainst. 3dEdition.. . . . . . . . . . . . . . . . . accent:

HYDRAULICS

HYDRAULIC ENGINEERING. By GARDNER D. Hiscox.
A treatise on the properti, power, and resources of water for all purposes. Including
the measurement of streams, the flow of water in pipes or conduits: the horse-power
of falling water. turbine and im act water-wheels. wave motors. centrifugal, recipro

catinii1
and air-lift pumps. W th 300 figures and diagrams and 36 practical tables.

All w o are interested in water-works development will find this book a useful one,
because it is an entirely practical treatise upon a subject of present im ortance, and
cannot fail in having a far-reaching influence, and for this _reason shoul have a place
in the working library of eve engineer. Among the subiects treated are: Historical
Hydraulics, Properties of ater, Measurement of the Flow of Streams; Flow
from Sub-surface Orifices and Nozzles; Flow of Water in Pipes; Siphons of Various
Kinds: Dams and Great Storage Reservoirs: City and Town Water Sup ly; Wells
and Their Reinforcement; Air Lift Methods of Raising Water; Artes 11 Wells;
Irrigation of Arid Districts; Water Power: Water Wheels; Pumps and Pumping
Machiner ; Reciprocating Pumps; Hydraulic Power 'Transnussion; Hydraulic
Mining: anais; Ditches: Conduits and Pipe Lines; Marine Hydraulics; Tidal and
Sea Wave Power. etc. 320 pages. Price . . . . . . . . . . . . $4.50

ICE AND REFRIGERATION
POCKETBOOK 0F REFRIGERATION AND ICE MAKING. By A. J.

WALLIS-TAYLOR.
This is one of the latest and most comprehensive reference books published on the
subJect of refrigeration and cold storage. It explains the properties and_refr1geratmg
effect of the different fluids in use. the management of refrigerating machinery and the
construction and insulation of cold rooms with their required pipe surface for different
degrees o
f cold; freezing mixtures and non-freezing brines, temperatures of cold roomsfor all kinds o
f provisions, cold storage charges for all classes of goods, ice making

and storage of ice, data and memoranda for constant reference by refrigerating engineers,
with nearlypne hundred tables containing valuable references to every fact and con
dition required in the installment and operation of a. refrigerating plant. New
editionjustpublished. Price . . . . . . . . . . . . . . $2.00
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INVENTIONS—PATENTS

INVENTORS’ MANUAL, HOW TO MAKE A PATENT PAY.
This is a book designed as a guide to inventors in perfecting their inventions, taking
out their patents and dis ing of them. It is not in any sense a Patent Solicitor I
Circular nor a Patent Bro er's Advertisement. No advertisements of any description
appear in the work. It is a book containing a quarter of a century's experience of a

Eccessful
inventor, together with notes based upon the experience of many other

ventors.
Among the subjects treated in this work are: How to Invent. How to Secure a
Good Patent. Value of Good Invention. How to Exhibit an Invention. How to
Interest Capital. How to Estimate the Value of a Patent. Value of Design Patents.
Value of

Forei?
Patents. Value of Small Inventions. Advice on Selling Patents.

Advice on the ormation of Stock Companies. Advice on the Formation of Limited
Liability Compani. Advice on Disposin of Old Patents. Advice as to Patent
Attorneys. Advice as to Selling Agents. orms of Assignments. License and Con
tracts. State Laws Concernin Patent Rights. 1900 Census of the United States by
Counts of Over 10.000 Populist on. New revised and enlarged edition. 144 ages.Illustrated.Price....................1.26

KNOTS

KNOTS, SPLICES AND ROPE WORK. By A. Hn'rr VERBILL.
This is a practical book ving complete and simple directions for making all the most
useful and ornamental ots in common use, with chapters on Splicing. Pointing,
Seizing, Serving, etc. This book is full illustrated with one hundred and fifty
original engravings, which show how each ot, tie or splice is formed, and its appear—
ance when finished. The book will be found of the greatest value to Campers, Yachts
men, Travelers. Boy Scouts, in fact, to anyone having occasion to use or handle rope
or knots for any purpose. The book is thoroughly reliable and practical, and is not
only a guide, but a teacher. It is the standard work on the subject. Amon the
contents are: 1. Cordage, Kinds of Rope. Construction of Rope, Parts of ope
Cable and Bolt Rope. Stren th of Rope, Weight of Rope. 2. Simple Knots and
Bends. Terms Used in Han ling Rope. Seizing Rope. 3. Ties and Hitches. 4.
Noose, Loops and Mooring Knots. 5. Shortenings. Grommets and Salvages. 6.
Lashin s, Seizings and Splices. 7. Fancy Knots and Rope Work. 128 pages. 150
or engravmgs.Price.................$1,00

LATHE WORK

LATHE DESIGN, CONSTRUCTION, AND OPERATION, WITH PRACTICAL
EXAMPLES OF LATHE WORK. By OSCAR E. PERRIGO.
A new revised edition, and the only complete American work on the subject, written
by a man who knows not only how work ought to be done, but who also knows how
to do it. and how_ to convey this knowledge to others. It is strictly up-to-date in itsdescriptions and illustrations. Lathe history and the relations of the lathe to manu—facturing are given; also a descrl t10n_of the various devices for feeds and threadcutting mechanisms from early 'e orts in this direction to the present time. Lathe
design is thoroughly discussed, including back gearing, driving cones, thread-cutting
ears, and all the essential elements of the modern lathe. The classification of lathes
taken up, giving the essential differences of the several types of lathes including,
as is usually understood, engine lathes, bench lathes, speed lathes, forge lathes, gap
lathes, pulley lathes, forming lathes, multiple-spindle lathes, rapid-reduction lathes,
precision lathes, turret lathes, special lathes, electrically-driven lathes, etc. In addi
tion to the complete exposmon on construction and design, much practical matter on
lathe installation, care and operation has been incorporated in the enlarged 1915 edi
tion. All kinds _of lathe attachments for drilling. milling, etc.. are described andoompleteinstructions are given to enable the novice machinist to grasp the art of lathe
operation as well as the principles involved in design. A number of diflicuit
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operations are described at length and illustrated. The new edition has nearly 500
pages and 350 illustrations. Price . . . . . . . . . . . . $8.0

WHAT IS SAID OF THIS BOOK:
“This is a lathe book from beginning to end. and is just the kind of a book which one
delights to consult,—a masterly treatment of the subject in hand."—Enuineering News.
“ This work will be of exceptional interest to anyone who is interested in lathe practice,
as one _very seldom sees such a complete treatise on a subJect as this is on the lathe."—
Canadzan Machinery.

LATHE WORK FOR BEGINNERS. By RAYMOND FRANCIS YATES.

A simple, straightforward textbook for those desiring to learn the operation of a
wood-turning or metal-turning lathe. The first chapter tells how to choose a lathe
and all of the standard types on the market are described. Simple and more advanced
lathe work is thoroughly covered and the operation of all lathe attachments such as
millers, grinders. polishers. etc., is described. The treatment starts from the very
bottom and leads the reader through to a point where he will be able to handle the
larger commercial machines with very little instruction. The last chapter of the
book is devoted to things to make on the lathe and includes a model rapid-fire naval
gun. This is the only book published in this country that treats lathe work from
the standpoint of the amateur mechanic. 162 illustrations. About 250 pages

1913(2).

TURNING AND BORING TAPERS. By FRED H. COLVIN.
There are two ways to turn

tapsers;
the right way and one other. This treatise has

to do with the right way; it tel you how to start the work properly. how to set the
lathe, what tools to use and how to use them, and forty and one other little things
that you should know. Fourth edition. Price . . . . . . . . . 86 cent

LIQUID AIR

LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O’CONOR SLOANE.
This book gives the history of the theory. discovery. and manufacture of Liquid Air,
and contains an illustrated description of all the experiments that have excited the
wonder of audiences all over the country. It shows how liquid air. like water. is
carried hundreds of miles and is handled in open buckets. It tells what may be ex
pected from it in the near future.
A book that renders simple one of the most perplexing chemical problems of the
century. Startling developments illustrated by actual experiments.
It is not only a work of scientific interest and authority, but is intended for the general
reader, being written in a popular style—easily understood by every one. Third
edition. Revised and Enlarged. 394 pages. 1920 Edition. Price . . . $3.00

LOCOMOTIVE ENGINEERING

Ant-BRAKE CATECHISM. By ROBERT H. ‘BLACKALL.
This book is a standard text book. It covers the Westinghouse Air-Brake Eqkiipment,including the No. 5 and the No. 6 E. T. Locomotive Brake E uipment'. the (Quick
Service) Triple Valve for Freight Service; and the Cross- ,0m ound Pump. The
operation of all parts of the apparatus is explained in detail. an a practical way of
finding their peculiarities and defects. with a proper remedy. is given. It contains
2.000. questions with their answers, which will enable any railroad man to pass any
examlnation on the subject of Air Brakes. Endorsed and used by air-brake instruc
tors and examiners on nearly every railroad in the United States. 27th Edition. 411
pages, fully illustrated with colored plates and diagrams. Price . . . . . 2.50
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COhDIIIIBPSTION
OF COAL AND THE PREVENTION OF SMOKE. By WM.

. 5ARR.

This book has been prepared With special reference to the generation of heat by the
combustion of _the common fuels found in the United States and deals particularly
with the conditions necessary to the economic and smokeless combustion of bituminous
coal in Stationary and Locomotive Steam Boilers.
Presentation of this important subject is systematic and progressive. The ar
rangement of the book is in a _series of practical questions to which are appended
accurate answers, _which describe in language free from technicalities the several
processes involved in the furnace combustion of American fuels; it clearly states the
essential requisites for_ perfect combustion, and points out the best methods of furnace
construction for obtaining the greatest quantity of heat from any given quality of
coal. Nearly 350 pages, fully illustrated. Price . . . . . . . . . . $1.50

DIARY OF A ROUND-HOUSE FOREMAN. By T. S. REILLY.
This is the greatest book. of railroad experiences ever published. Containing a. fund of
information and suggestions along the line of handling men. organizing, etc... that one
cannot afford to miss. 176 pages. Price . . . . . . . . . . . . 1.26

LINK MOTIONS, VALVES AND VALVE SETTING. By FRED H. COLVIN,
Associate Editor of American Machinist.
A handy book for the engineer or machinist that clears up the mysteries of valve
setting. Shows the diiierent valve gears in use. how they work, and why. Piston
and slide valves of dili‘erent types are illustrated and explained. A bool; that every
railroad man in the motive

npwer
department ought to have. Contains chapters on

Locomotive Link Motion. alve Movements, Setting Slide Valves, Analysis by
Diagrams, Modern Practice. Slip of Block, Slice Valves, Piston Valves. Setting Piston
Valves, Joy-Allen Valve Gear, Walschaert Valve Gear, Gooch Valve Gear, Alfree
Hubbell Valve Gear,etc., etc. Fully illustrated. Price . . . . . . . '75 cents

LOCOMOTIVE BOILER CONSTRUCTION. By FRANK A. KLEINHANS.
The construction of boilers in general is treated, and. following this, the locomotive
boiler is taken up in the order in which its various parts go through the shop. Shows
all types of boilers used; gives details of construction; practical facts, such as life of
riveting. punches and dies; work done per day, allowance for bending and fianglng
sheets. and other data. Including the recent Locomotive Boiler Inspection Laws
and Examination Questions with their answers for Government Inspectors. Contains
chapters on Laying Out Work; Flanging and Forging; Punching; Shearing; Plate
Planing; General Tables; Finishing Parts; Bending; Machinery Parts; Riveting;
Boiler Details; Smoke Box Details; Assembling and Calking; Boiler Shop
Machinery. etc., etc.
There isn't a man who has anything to do with boiler work, either new or repair work,
who doesn't need this book. The manufacturer. superintendent, foreman, and boiler
worker—all need it. No matter what the type of boiler, you’ll find a mint of informa
ggn
that you wouldn't be Without. Over 400 pages, five large folding

gigtgsj

LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By GEO. L.
FOWLER. Revised .by WM. W. Woon, Air-Brake Instructor. Just issued.
ReVised pocket edition.
It is out of the. question to try and tell you about every subject that is covered in this
pocket edition of Locomotive Breakdowns. Just imagine all the common troubles
that an engineer may cx ect to happen some time. and then add all of the unexpected
ones, troubles that cool occur, but that you have never thought about. and you will
find that thev are all treated with the very best methods of repair. Walschaert
Locomotive Valve Gear Troubles. Electric Headlight Troubles, as well as Questions
and Answers on the Air Brake are all included. 312 pages. 8th Revised Edition.Fullyillustrated.....................$1.50
LOCOMOTIVE CATECHISM. By Ronnn'r GRIMSHAW.
The revised edition of “Locomotive Catechism." by Robert Grlmshaw, is a New Book
from Cover to Cover. It contains twice as many pages and double the number of
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illustrations of previous editions. Includes the greatest amount of practical infom
tion ever published on the construction and management of modern locomotives.Specially I repared

Chagters
on the Walschaert Locomotive Valve Gear. the Air

Breke Equipment and t e Electric Headlight are given.
It commends itself at once to every Engineer and Fireman, and to all who are going in
for examination or promotion. In plain language, with full. complete answers. not only
all the questions asked 3; the examining engineer are given. but those which theyoung and loss experienc . would ask the veteran. and which old hands ask as “ stick—
It is a veritable Encyclopedia of the Locomotive, is entirely free from mathe

matics, easily understood and thoroughly up-to-date. Contains over 4.000 Examina
tion Questions with their Answers. 825 pages, 437 illustrations and three folding
plates. 28th Revised Edition. Price . . . . . . . . . . . . . $2.50

APPLICATION OF HIGHLY SUPERHEATED STEAM TO LOCOMOTIVES.
By ROBERT GARBE.
A practical book _which cannot be recommended too highly to those motive-power
men who are anXious to maintain the highest efficiency in their locomotives. Con
tains special chapters on Generation of Highly Superheated Steam; Superheated Steam
and the Two-Cylinder Simple Engine; Compounding and

Superheatiiig;
Desi s of

Locomotive Superheaters; Constructive Details of Locomotives slug 1 hly
Superheated Steam. Experimental and Working Results. Illustrated with

(015%plates and tables. Cloth. Price . . . . . . . . . . . . $3.

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTIVE
FIREMEN AND ENGINEERS. By CHAS. F. Locxmn'r.
An entirely new book on the Locomotive. It appeals to eve railroad man. as it
tells him how things are done and the right way to do them. ritten by a man who
has had years of ractical experience in locomotive shops and on the road firing andrunmng. The in ormation given in this book cannot be found in any other similar
treatise. Eight hundred and fifty-one questions with their answers are included.
which will prove specially helpful to those preparin for examination. Practical
information on: The Construction and Operation of locomotives; Breakdowns and
their Remedies; Air Brakes and Valve Gears. Rules and Signals are handled in athorough manner. As a book of reference it cannot be excelled. The book is diVided
into six parts. as follows: 1. The Fireman's Duties. 2. General Description of the
Locomotive. 3. Breakdowns and their Remedies. ,4. Air Brakes. 5. Extracts
from Standard Rules. 6. Questions for Examination. The 851 questions have been
carefully selected and arranged. These cover the examinations required by the
different railroads. 368 pages. 88 illustrations. Price . . . . . . . $2.00

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING.
By GEORGE BRADSHAW.
This book is a heart-to-heart talk with Railroad Employees. dealing with facts. not
theories, and showing the men in the ranks. from every-day experience. how accidents
occur and how they may be avoided. The book is illustrated with sevent original
photographs and drawings showing the safe and unsafe methods of work. 0 Vision
ary schemes. no ideal pictures. Just lain facts and Practical Suggestions are given.
Every railroad employee who reads t e book is a better and safer man to have in
railroad service. It gives just the information which will be the means of preventing
many injuries and deaths. All railroad employees should procure a copy ; read it.

%)nd
do your part in preventing accidents. 169 pages. Pocket Size. Fully

ilgiatrawg.cens

TRAIN RULE EXAMINATIONS MADE EASY. By G. E. Gonnmowoon.
This is the only practical work on train rules in print. Every detail is covered. and
puzzling points are explained in simple, comprehensive language. making it a practical
treatise for the Train Dispatcher, Engineman. Trainman, and all others who have todo With the movements of trains. Contains complete and reliable information of the
Standard Code of Train Rules for single track. Shows Signals in Colors. as used on
the (IliIOl‘Oill; roads. Explains fully the practical application of train orders, Klv'ing 8'
clear and (infinite understanding of all orders which may be used. The meanin and
necessity for certain rules are explained in such a manner that the student may i2?"beyond a doubt the rights conferred under any orders he may receive or the an on
required by certain rules. As nearly all roads require trainmen to pass regular exami
nations a complete set of examination questions. with their answers. are included
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These will enable the student to pass the required examinations with credit _t
o

himself
and the road for which he works. 256 pages. Fully illustrated with Train Signals
inColors. Price . . . . . . . . .‘ . . . . . . . . . . . . $1.60

THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR
LOCOMOTIVES. By WM. W. W001).
If you would thoroughly understand the Walschaert Valve Gear you should possess a
copy of this book. as the author takes the plainest form of a steam engine—a stationary
engine in the rough. that will only turn its crank in one directionT—and from it builds
u —-with the reader‘s help—a modern locomotive

equiliiped
With the Walschaert

alve Gear. complete. The points discussed are clearly i ustrated; twq large folding
plates that show the positions of the valves of both inside or outs1de_ admissmn type. as
well as the links and other parts of the gear when the crank is at mne difl’erent points
in its revolution. are especially valuable in making the movement clear. These employ
sliding cardboard models which are contained in a pocket in the cover.
The book is divided into five general divisions. as follows: 1. Analysis of the gear.
2. Designing and

erectingvthe
gear. 3. Advantages of the gear. 4. uestions and

answers relating to the alschaert Valve Gear. 5. Setting valves _th the Wal
schaert Valve Gear: the three primary types of locomotive valve motion; modern
‘ai valve gears other than the Walschaert: the Hobart All-free Valve and Valve

Gear. with questions and answers on breakdowns; the Baker-Pilliod Valve Gear; the
Improved Baker-I’iliiod Valve Gear. with questions and answers on breakdowns.
The questions with full answers given will be especially valuable to firemen and engi
neers in preparing for an examination for promotion. ,245 pages. Fourth Revised
1920 Edition. Price . . . . . . . . . . . . . . . . . . . $2.50

WESTINGHOUSE E-T AIR-BRAKE INSTRUCTION POCKET BOOK. By
WM. W'. WooD, Air—Brake Instructor.
Here is a book for the railroad man. and the man who aims to be one. It is without
doubt the only complete work published on the Westinghouse E-T Locomotive Brake
Equipment. Written by an Air-Brake Instructor who knows just what is needed. It
covers the subject

thoroughly.
Everything about the New “’estinghouse Engine and

Tender Brake Equipment. ncludin the standard No. 5 and the Perfected No. 6

style of brake. is treated in detail. ritten in plain English and profusely illustrated
with Colored Plates. which enable one to trace the flow of

gressures
throughout the

entire equipment. The best book ever published on the Air rake. Equally ood for
the beginner and the advanced engineer. Will pass any one through any exa nation.

It informs
and enlightens you on every point. Indispensable to every engineman and

rainman.
Contains examination questions and answers on the E-T uipment. Covering what
the E-T Brake is. How it should be operated. What to 0 when defective. Not a
guestion

can be asked of the engineman up for promotion. on either the No. 5 or the
To. 6 E-T equipment. that is not asked and answered in the book. If you want to
thoroughly understand the E-T equipment get a copy of this book. It covers every
detail. Makes Air-Brake troubles and examinations easy. Second Revised andEnlarged Edition, 1920. Price . . . . . . . . . . . . . . $2.6

MACHINE-SHOP PRACTICE

AMERICAN TOOL MAKING AND INTERCHANGEABLE MANUFACTUR
ING. By J. V. Woonwonrn.
A “shoppy” book. containing no theorizing, no

1problematical
or experimental devices.

there are no badly proportioned and impossib e diagrams. no catalogue cuts. but a
valuable collection of drawings and descriptions of devices. the rich fruits of the author's
own experience. In its 500-odd pages the one subject only. Tool Making. and what
ever relates thereto. is dealt with. The work stuiids without a rival. It is a complete
practical treatise on the art of American Tool Making and system of interchangeable
manufacturing as carried on to-day in the United States. In it are described and
illustrated all of the different types and classes of small tools. fixtures. devices. and
special appliances which are in general use in all machine-manufacturing and metal
working establishments where economy, capacity. and interchangeability in the pro
duction of machined metal parts are imperative. The science of jig making is exhaus
tively discussed. and particular attention is paid to drill jigs. boring. profiling and milling
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fixtures and other devices in which the parts to be machined are located and fastened
within the coutrivances. All of the tools, fixtures. and devices illustrated and de
scribed have been or are used for the actual production of work. such as pans of drill
presses, latlies, patented machinery, typewriters, electrical apparatus. mechanical ap

pliances, brass
goods. composmon parts, mould products, sheet metal articles, drop

orgings, Jewelry, watches. medals. coins. etc. 531 pages. Price . . . . $4.60

MACHINE-SHOP ARITHMETIC. By COLVIN-CHENEY.
This is an arithmetic of the things you have to do with daily. It tells you plainly
about: how to find areas_in figures: how to find surface or volume of balls or spheres;handy ways for calculating; about compound gearing;

cuttingsscrew
threads on any

lathe; drilling for taps; speeds of drills: taps, emery whee . grindstoues. milling
cutters, etc.: all about the Metric system with conversion tables; properties of metals;
strength of bolts and nuts: decimal equivalent of an inch. All sorts of machine-shopfiguring and 1,001 other things, any one of which ought to be worth more than
the price of this book to you. and it saves you the trouble of bothering the boss. 6th
edition. 131 pages. Price . . . . . . . . . . . . . . . . '75 cents

MODERN MACHINE-SHOP CONSTRUCTION, EQUIPMENT AND MAN
AGEMENT. By OSCAR E. PERRIGO.
The only work published that describes the Modern Shop or Manufacturing Plant
from the time the grass is growing on the site intended for it until the finished product
is shipped. Just the book needed by those contemplating the erection of modern shop
buildings, the rebuilding and reorganization of old ones, or the introduction of Modern
Shop lVi’ethods, time and cost systems. It is a book written and illustrated by a rac
tical shop man for practical shop men who are too busy to read theories and want acts.It is the most complete all-round book of its kind ever published. 400 lar e uarto
ages. 225 original and specially-made illustrations. 2d Revised and n argeddition.Price.....................$5.00

“SHOP KINKS.” By ROBERT GRIMSHAW.
A book of 400 pages and 222 illustrations, being entirely different from any other
book on machine-shop practice.

Departing
from conventional style, the author

avoids universal or common shop usage and imits his work to showing special wa s
of doing things better, more chea ly and more rapidly than usual. As a result t- e
advanced methods of re resentative establishments of the world are placed at the
dis osal of the reader. T is book shows the proprietor where large savings are possible,
an how products may be improved. To the employee it holds out suggestions that,
roperlv applied. will hasten his advancement. ho shop can afford to be without it.
t bristles with valuable wrinkles and helpful suggestions. It will benefit all, from
apprentice to proprietor. Every machinist, at any age. should study its pages. Fifthedition.Price.....................8.00
THREADS AND THREAD CUTTING. By C01.er and STABEL.
This clears up many of the mysteries of thread-cutting, such as double and 1211 10
threads, internal threads, catching threads. use of hobs, etc. Contains a. lot of use I
hints and several tables. Third edition. Price . . . . . . . . . 35 cent!

EVERYDAY ENGINEERING—THE BEST MECHANICAL MAGAZINE ON
THE MARKET. ONLY TWO DOLLARS A YEAR FOR TWELVE
NUMBERS. SUBSCRIBE TO—DAY.
Every practical man needs a magazine which will tell him how to make and do things.
A monthly magazine devoted to practical mechanics for every-day men. Its aini is
tofopularize

engineering as a science, teaching the elements of apphed mechanics
an electricity in a straightforward and understandable _manner. _ The. magazine
maintains its own experimental laboratory, where the devmes described in articles
submitted to the Editor are first tried out and tested before they are ublishcd. This
important innovation places the standard of the published materia very high. and
it insures accuracy and dependability.
The magazine is the only one in this country that specializes in practical model build
lng. Articles in past issues have given comprehenswe designs for many model boats.including submarines and chasers. model steam and gasoline engines. PlBCtl‘lC motors
and generators. etc., etc. This feature is a permanent one in the magazme.
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Another popular department is that devoted to automobiles and airplanes. Care,
maintenance. and operation receive full and authoritative treatment. Every article
is written from the practical. every-day man standpoint, rather than from that of the
professional.
The magazineentertains while it instructs. It is a journal of practical. dependable
information, given in a style that it may be readily assimilated and applied by the
man with httle or .no technical training. The aim is to place before the man who
leans toward practical mechanics a series of concise, crisp, readable talks on what
is going on and how it is_done. These articles are profusely illustrated with clear,
snappy photographs. specially posed to illustrate the subject in the magazine’s own
studio by its own stat! of technically-trained illustrators and editors.
The subscription price of the magazine is $2.00 per year of twelve-numbers.
Sample copy sent on receipt of twenty cents.
Enter your subscription to this practical magazine with us.

THE WHOLE FIELD OF MECHANICAL MOVEMENTS
COVERED BY MR. HISCOX’S TWO BOOKS

We publish two books by Gardner D. Hiscox that will kcep you from "inventing" things
that have been done before. andsuggest ways of domg things that you have not thought of
before. Alany a man spends time and money, pondering over some mechanical problem
only to learn. after he has solved the problem._ that the same thing has been accomplished
and put in practice by others long before. Time and money spent in an effort to accom
plish what has already been accomplished are time and money LOST. The whole field
of mechanics, every known mechanical movement. and practically every device is covered
by these two books. If the thing you want has been invented. it is illustrated in them.
it hasn't been invented, then you‘ll find in them the nearest things to what you want. some
movements or devices that will apply in your case, perhaps; or which will give you a key
from which to work. No book or set of books ever published is of more real value to the
Inventor, Draftsman, or practical illechanic than the two volumes described below.

MECHANICAL MOVEMENTS, POWERS, AND DEVICES. By GARDNER D.
HISCOX.

This is a collection of 1,890 engravings of different mechanical motions and appliances,
accompanied by appropriate text, making it a book of great value to the inventor.
the draftsman, and to all readers with mechanical tastes. The book is divided into
eighteen sections or

chapters,
in which the subject-matter is classified under the follow

ing heads: Mechanica Powers; Transmission of Power; Measurement of Power;
Steam Power; Air Power Appliances; Electric Power and Construction; Navigation
and Roads; Gearing; Motion and Devices; _Controliing . Motion: Horological;Mining; Mill and Factory Appliances; Construction and DeVices; Drafting Devices;
Miscellaneous Devices, etc. 15th edition enlarged. 400 octave pages. Price . $4.00

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVEL
TIES OF CONSTRUCTION. By GARDNER D. Hiscox.
This is a supplementary volume to the one upon mechanical movements. Unlike the
first volume, which is more elementary in character. this volume contains illustrations
and descriptions of many combinations of motions and of mechanical devices and
appliances found in different lines of machinery, each deVice being shown by a line
drawing with a description showing its working parts and the method of operation.
From the multitude of devices described and illustrated might be mentioned, in
passing, such items as conveyors and elevators. Prony brakes. thermometers, various
types of boilers. solar engines, oil-fuel burners. condensers, evaporators. Corliss and
Other valve gears. governors, gas engines. water motors of various descriptions. air
ships, motors and dynamos. automobile and motor bicycles, railway lock signals,
car couplers, link and gear motions, ball bearings, breech block mechanism for heavy
guns. and a. large accumulation of others of equal importance. 1,000 specially madeugravings. 396 octavo pages. 4th Edition enlarged. Price . . . . . $4.
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MACHINE-SHOP TOOLS AND SHOP PRACTICE. By W. H. VANDEBVOORT.
A work of 555 pages and 673 illustrations, describing in every detail the construction,
operation, and manipulation of both hand and machine tools. Includes cha ters
on filing, fitting. and scraping surfaces; on drills, reamers, taps, and dies: the athe
and its tools: planers, shapers. and their tools: milling machines and cutters; gear
cutters and gear cutting; drilling machines and drill work; grinding machines and
their work: hardening and

telgfiering; gearing,
belting, and transmission machinery;

useful data and tables. 6th tion. rice . . . . . . . . . . . $4.50

COMPLETE PRACTICAL MACHINIST. By JOSHUA. Ross.
The new, twentieth revised and enlarged edition is now read . This is one of the
best-known books on machine‘shop work. and written for t e practical workman
in the language of the workshop. It gives full, practical instructions on the use of
all kinds of metal-working tools, both hand and machine, and tells how the work
should be properly done. It covers lathe vyork, vise work, drills and drilling. ta
and dies, hardening and tempering, the making and use of tools, tool grinding, mar —
out work, machine tools, etc. No machmist's library is complete without this

vo ume. 547 pages, 432 illustrations. 1920. Price . . . . . . . ,

HENLEY’S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLIED
TRADES. Edited by Josnrn G. HORNER, A.M.I.Mech.E.

This book covers the entire practice of Civil and Mechanical Engineering. The
best known experts in all branches of engineering have contributed to these volumes.
The Cyclopedia is admirably well adapted to the needs of the beginner and the self
taught practical man, as well as the mechanical engineer. designer, draftsman, shop
superintendent. foreman and machinist.
It is a modern treatise in five volumes. Handsomely bound in half morocco, each
volume containing nearly 500 pages. with thousands of illustrations, including dia
grammatic and sectional drawings with full explanatory details. For the complete
setoffivevolumes. Price. . . . . . . . . . . . . . . $30.00

MODEL MAKING Including Workshop Practice, Design and Construction of
Models. Edited by RAYMOND F. YATES. Editor of “Everyday Engineering
Magazine.”

This book does not describe the construction of toys. Its‘pages are devoted to mode.
engineering and the mechanical sciences associated with it. It contains descri tions
with illustrations of the complete models made by some of the leading model eng eers
in this country. It is the only book published on this important subject.
The first part of the book is devoted to the mechanical sciences and processes related
to model engineering and mechanics in general. To the inexperienced workman, who
wishes to make models but is untrained in the fundamental mechanics, this book will
afford all the information necessary. For the ex erienced mechanic. there are man
hints and short cuts that Will be. found helpful. ew mechanics, no matter how we
trained, know how to make their own patterns. Yet a complete treatise on this im
portant craft is given. The same holds true in regard to the intelligent use of abrasiv
n the home shop. . This, too. is completely covered in a way that will not only help the
beginner but teach the trained man a few things that he may not have understood
before. In short, the fore part of the book Will prepare men to more thoroughly under
stand the processes connected With model making no matter what their standing.
This book will help you to become a better mechanic. Itis full of suggestions for those
who like to make things, amateur and professional alike. it has be m prepared especially for men with mechanical hobbies. Some may be engineers. machinists. jew
elers, pattern makers, oilice clerks or bank presidents. Men from various walks of
life have a peculiar interest in model engineering. Monet. MAKING will be a. help and
an inspiration to such men. It tells them “ how-to-do" and “how-to-make" things
in simple, understandable terms. Not only this, it is full of good, clear working
drawings and photographs of the models and apparatus described. Each model has
n COnsfl'liCicil and_nctually works if it is made according to directions. 375 oases.

300 illustrations. Price . . .
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SHOP PRACTICE FOR HOME MECHANICS. By RAYMOND FRANCIS YATES.

A thoroughly practical and helpful treatment prepared especially for those who have
had little or no experience in shop work. The introduction is given over to an ele
mentary ex lanation of the fundamentals of mechanical science. This is followed
by several c apters on the use of small tools and mechanical measuring instruments.
Elementary and more advanced lathe work is treated in detail and directions given
for the construction of a number of useful shop appliances. Drilling and reaming.
heat treatment of tool steel. special lathe operations. pattern making. grinding. and
grinding operations. home foundry work. etc.. make up the rest of the volume. The
book omits nothing that will be of use to those who use tools or to those who Wish
to learn the use of tools. The great number of clear engravmgs (over 300) add
tremendously to the text matter and to the value of the volume as a visual instructor.Octave, about 350 pages. 309 engravings. Price . . . . . . . . . $3.00

MARINE ENGINEERING

THE NAVAL ARCHITECT’S AND SHIPBUILDER’S POCKETBOOK. Of
Formula, Rules, and Tables and Marine Engineer’s and Surveyor’s Handy
Book of Reference. By CLEMENT Macxnow and LLOYD W00me.
The eleventh revised and enlarged edition of this most comprehensive work has just
been issued. It is absolutely indispensable to all engaged in the Shipbuilding Industry.
as it condenses into a compact form all data and formulaslthat are ordinarily required.
The book is completely up to date. including among other subjects a section on
Aeronautics. 750 pages. limp leather binding. Price . . . . . . $6.00

MARINE ENGINES AND BOILERS—THEIR DESIGN AND CONSTRUC
TION. THE STANDARD BOOK. By DR. G. BAUER, LESLIE S. ROBERTSON
and S. BRYAN DONKIN.

In the words of Dr. Bauer. the resent work owes its origin to an oft felt want of a
condensed treatise embodying t e theoretical and practical rules used in designing
marine engines and boilers. The need of such a work has been felt by most on
gineers engaged in the construction and working of marine engines. not only by the
younger men. but also by those of greater experience. The fact that the original
German work was written by the chief engineer of the famous Vulcan Works. Stettin.
is in_itself a guarantee that this book is in all respects thoroughly up-to-date, and
that it embodies all the information which is necessary for the design and construction
of the highest types of marine engines and boilers. It may be said that the motive
power which Dr. Bauer has placed in the fast German liners that have been turned
out_0f late years from the Stettin Works represent the very best practice in marine
engineering of the present day. The work is clearly written, thoroughly systematic.
theoretically sound; while the character of the plans. drawings. tables, and statistics
is without reproach. The illustrations are careful reproductions from actual working
drawings. with some well-executed photographic views of completed engines and
boilers. 744 pages. 550 illustrations, and numerous tabla. Cloth. Price. $10.00

MODERN SUBMARINE CHART.
A cross-section view. showing clearly and distinctly all the interior of a Submarine
of the latest type. You get more information from this chart about the construction
and o eration of a submarine than in any other way. No details omitted—every
thing s accurate and to scale. It is absolutely correct in every detail. having been
approved by naval engineers. All the machinery and devices fitted in a modern
Submarine Boat are shown. and to make the engraving more readily understood
all the features are shown in operative form, with Officers and Men in the act of performing the duties assigned tothem in service conditions. THIS CHART IS REALLY
AN ENCYCLOPEDIA OF A SUBMARINE. it is educational and worth many
timenitlcost. Mailedinatubefor . . . . . . . . . . . . . 25 cent:
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MANUAL TRAINING

ECONOMICS OF MANUAL TRAINING. By LOUis ROUILLION.
The only book published that gives just the information needed by all interested in
Manual Training, regarding Buildings, Equipment, and Supplies. Shows exactly
what is needed for all grades of the work from the Kindergarten to the High and
Normal school. Gives itemized lists of everything used in Nlanual Training Work
and tells Just what it ought to cost. Also shows where to buy supplies, etc. Contains
174 pages. and is fully illustrated. 2d edition. Price . . . . . . . . $2.00

MINING \

PROSPECTOR’S FIELD-BOOK AND GUIDE. By H. S. Oseomv.
Ninth edition. revised and enlarged by M. W. von Bernewitz. The last edition of
this volume was published in 1910. It and the previous seven editions were suitable
for those times. The new ninth (1920) edition will be found suitable for the present
time. While the old-time prospector will always be an im ortant factor, the knowl
edge of and search for the common and rarer minerals is ringing out men who are
trained to some degree. In the field they need a handy and suggestive pocket-book
containing hints on prospectingwwhere to search and how to test—couched in simple
terms. The chapter on reliminary instructions covers the fundamentals of a study
01' the earth‘s crust. T en follow discussions on practical mineralogy, crystallog
raphy, the value of the blowpipe in prospecting, surveying, and chemical tests in
the field. Separate chapters are given to the precious and base metals, also to the
non-metallic minerals. The chapter on the non-ferrous or alloy group of minerals
is entirely new, while the section on oil has been expanded. Surficial indications for
copper receive full attention. The chapter on gems has been rewritten and matters
concerning gemstones used for industrial purposes, such as abrasives, included. A gen
eral chapter covers many useful minerals and salts. An important guide and sugges
tive aid throughout the new book are the many brief descriptions of ore deposits
of all minerals occurring in scattered parts of the world. No other prospector’s book
contains this class of information. In the appendix will be found numbers of useful
tables, and a complete glossary of mining and mineralogical terms. The ninth edition
of Osborn’s Pnosrnc'ron’s FIELD BOOK AND GUIDE will be found up to date, worth
while, and full value for the money asked. Flexible fabrikoid. 375 pages. 57illustrationsPr-ice....................$3.00

PATTERN MAKING

PRACTICAL PATTERN MAKING. By F. W. BARROWS.
This book, now in its second edition. is a comprehensive and entirely practical treatise
on the subject of pattern making, illustrating pattern work in_ both wood and metal,
and with definite instructions on the use of plaster of Paris in the trade. It ves
specific and detailed descriptions of the materials used by pattern makers an de
scribes the tools, both those for the bench and the more interesting machine tools;
having complete chapters on the Lathe, the Circular Saw, and the Band Saw. _ It gives
many examples of pattern work, each one fully illustrated and explained With much
detail. These examples, in their great variety, offer much that Will be found of
mterest to all pattern makers, and especially to the younger ones, who are
information on the more advanced branches of their trade.
In this second edition of the work will be found much that is new, even to those who
have long practised this exacting trade. In the description of patterns as adapted
to the Moulding Machine many difficulties which have long prevented the rapid and
economical production of castings are overcome; and this great, new branch of the
trade is given much space. Stripping plate and stool plate work and the less expen
sive vibrator, or rapping plate work, are all explained in detail.
Plain. everyday rules for lessening the cost of patterns, with a complete system of
00st keeping. a detalled method of marking, apphcable to all branches of the trade,
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with complete information showing what_the pattern is, its specific title, its cost,
date of production, material of which it is made, the number of pieces and core
boxes, and its location in the pattern safe. all condensed into a most complete card
record, with cross index.
The book closes with an original and practical method for the inventory and valua
tion of patterns. Containing nearly 350 pages and 170 illustrations. Price . $2.

MOTOR BOATS

MOTOR BOATS AND BOAT MOTORS. By VICTOR W. PAGfi AND A. C. Lm'rcn.
All who are interested in motor boats, either as owners, builders or repairman will
find this latest work a most comprehensive treatise on the design, construction, opera
tion and repair of motor boats and their power plants. It is really two com lete
books in one cover as it consists of two parts, each complete in itself. Part One eals
with THE HULL AND I'rs FITTINGS, Part Two considers Tun POWER PLANT AND ITS
AUXILIARIES. A valuable feature of this book is the complete set of dimensioned
working drawings detailing the construction of five different types of boats ranging
from a 16-foot shallow draft, tunnel stern general utility craft to a 25-foot cabin
cruiser. These plans are by A. C. Le1tch, a practical boat builder and expert naval
architect and are complete in_every particular. Full instructions are given for the
selection of a power plant and its installation in the hull. Valuable advice is included
on boat and engine operation and latest designs of motors are described and illustrated.
The instructions for overhauling boat and engine are worth many times the small
cost of the book. It is a comprehenswe work of reference for all interested in motor
gogting

in any of its phases. Octavo. Cloth. 350 illustrations. 500 pages.oe.........................$4.00
PERFUMERY

PERFUMES AND COSMETICS, THEIR PREPARATION AND MANUFAC
TURE. By G. W. ASKINSON, Perfumer.
A comprehensive treatise, in which there has been nothing omitted that could be of
value to the perfumer or manufacturer of toilet

preparations.
Complete directions

for making handkerchief perfumes, smelling-ea ts, sachets, fumigating pastilies;
preparations for the care of the skin, the mouth, the hair, cosmetics, hair dyes and
other toilet articles are given, also a detailed description of aromatic substances: their
nature, tests of purity, and wholesale manufacture, including a chapter on synthetic
products, with formulas for their use. A book of general, as well as professional in
terest, meeting the wants not only of the druggist and perfume manufacturer, but
also of the general public. Among the contents are: 1. The History of Perfumery.
2. About Aromatic Substances in General. 3. (JdOl‘S from the Vegetable Kin dom.
4. The Aromatic Vegetable Substances Employed in Perfumery. 5. The Anima Sub
stances Used in Perfumery. 6. The Chemical roducts Used in Perfumery. 7. The Ex
traction of Odors. 8. 'i_‘he Special Characteristics of Aromatic Substances. 9. The Adul
teratlon of Essential Oils and l‘heir Recognition. 10. Synthetic Products. 11. Table of
Physical Properties of Aromatic Chemicals. 12. 'lhe Essences of Extracts Errployed
inPerfumei-y. 13. Directions for Making the Most Important Essences and Extracts.
14. The Division of Perfu'nery. 15. The Manufacture of Handkerchief Perfumes.
16. Formulas for Handkerchief Perfumes. 17. Ammoniacal and Acid Perfumes.
18. Dry Perfumes. l9. Formulas for Drv Perfumes. 20. The Perfumes Used for
Fumigation. 21. Antiseptic and Therapeutic Value of Perfumes. 22. Classification of
Odors. 23. Some Special Perfumery Products. 24. Hygiene and Cosmetic Perfumery.
25. Preparations for the Care of the Skin. 26. Manufacture of Casein. 27. Formulas
for Emulsions. 28. Formulas for Cream. 29. Formulas for Meals, Pastes and Vege
table Milk. 30. Preparations Used for the Hair. 31. Formulas for Hair Tonics and
Restorers. 32. Pomades and Hair Oils. 33. Formulas for the Manufacture of
Pomades and Hair Oils. 34. Hair Dyes and Depllatorles. 35. Wax Pomades, Bando
lines and Brilliantines. 36. Skin Cosmetics and Face Lotions. 37. Preparations for
the Nails. 38. Water Softeners and Bath Salts. 39. Pre arations for the Care of_the
Mouth. 40. The Colors Used in Perfumery. 41. The tensiis Used in the Toilet_
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Fourth edition much enlarged and brought up-to-date. Nearly 400 pages, illustrated.l’rice................$6.00
“’HAT IS SAID OF THIS BOOK:

“ The most satisfactory work on the subject of Perfumery that we have ever seen." We feel safeinsaying that here is a book on Perfumery that will not disappoint you.
for it has practical and excellent formula that are within your ability to prepare
readJIY" We recommend the volume as worthy of confidence, and say that no purchaser will be
disappointed in securing from its pages good value for its cost, and a large dividend
on the same, even if he should use but one per cent of its working formulae. There
is money in it for every user of its information."—Pharmaceutical Record.

HENLEY’S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS
AND PROCESSES. Edited by G. D. HISC'OX.
The most valuable technochemlcal receipt book published. Contains over 10.000
practical receipts, many of which Will prove of special value to the
perfumer. Cloth Bound. Price . . . . . . .

PLUMBING=
MECHANICAL DRAWING FOR PLUMBERS. By R. M. STARBUCK.
A concise, comprehensive and practical treatise on the subject of mechanical dra
in its various modern a plications to the work of all who are in any way oonnec
with the plumbing t e. Nothing Will so help the plumber in estimating and in
explaining work to customers and workmen as a knowledge of drawing, and to the
workman it is of_inestimable value if he is to rise above his position to positions of
reater responsibility. Among the chapters _contained are: 1. Value to plumber o!
inowledge of drawing; tools required and their use; common views needed in mechan
ical rimming. 2. Perspective versus mechanical drawing in showing plumbing con
struction. 3. Correct and incorrect methods in plumbing drawing; plan and elevation
explained. 4. Floor and cellar

glans
and elevation; scale drawings; use of triangles.

5. Use of triangles; drawing of ttings, traps, etc. 6. Drawmg plumbing elevations
and fittings. 7. Instructions in drawing plumbing elevations. 8. The drawin of
plumbing fixtures; scale drawings, 9. Drawings of fixtures and fittings. 10. I
of drawings. 11. Shading of drawings. 12. Shading of drawings. 13. Sectio
drawings; drawing of threads. 14. Plumbing elevations from architect‘s plan. 15. Ele
vations of separate parts of the plumbing system. 16. Elevations from the architect's
lans. 17. Drawings of detail plumbing connections. 18. Architect's plans and plumb
ing elevations of residence. 19. Plumbing elevations of residence (continued); Plumb
ing plans for cottage. _20. Plumbing elevations: roof connections. 21. Plans and
plumbing elevations for six-flat building. 22. Drawing of various parts of the plumb
ing system; use of scales. 23. Use of architect‘s scales. 24. Special features in the
illustrations of country plumbing. 25. Drawing of wrought-iron piping. valves, radia

firs,
coils, etc. 26. Drawing of piping to illustrate heating systems. 150 illustrations.

MODERN PLUMBING ILLUSTRATED. By R. M. Smnnucx.
This book represents the highest standard of plumbing work. It has been adopted
and used as a reference book by the United States Government. in its sanitary work in
Cuba. Porto Rico. and the Philippines, and by the pn'ncipal Boards of Health of the
United States and Canada.

it gives connections, sizes and working data for all fixtures and groups of fixtures. It
is helpful to the master plumber in demonstrating to his customers and in figuring
work. It gives the mechanic and student quick and easy access to the best modern
plumbing practice. Suggestions for estimating plumbing construction are contained
inits pagm. This book re resents. in a word. the latest and best up-to-date ractice
and should be in the han s of every architect, sanitary engineer and plum r who
wishes to keep himself up to the minute on this important feature of construction.
Contains following chapters, each illustrated with a full-page plate: Kitchen sink.
laundry tubs. vegetable wash sink; iavatories. pantry sinks, contents of marble slabs;
bath tub. foot and sitz bath, shower bath; water closets. venting of water closets; low

..$.
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down water closets, water closets operated by flush valves, water closet range; slop sink,
urinals, the bidet; hotel and restaurant sink, grease trap; refrigerators, safe wastes, laun
dry waste, lines of refrigerators, bar sinks, soda fountainsmks; horse stall, frost- roof
water closets; connections for S traps, venting; connections for drum traps; sol pipe
connections; supportin of soil pipe; main trap and fresh air inlet; floor drains and
cellar drains. subsoil inage; water closets and floor connections; local venting;
connections for bath rooms; connections for bath rooms. continued; connections for
bath rooms, continued; connections for bath rooms, continued; examples of poor
practice; r0 hing work ready for test; of plumbing system; method of con
tinuous vent ng; continuous venting for two- oor work;_ continuous venting for two
lines of fixtures on three or more floors; continuous venting of water closets; plumb—
ing for cottage house; construction for cellar piping; plumbing for residence, use of
special fitti s; plumbing for two-flat house; plumbing for apartment buildin . plumb
for doub e apartment building; plumbing for oflice building;

plumbing,
or public

to st rooms; plumbing for public toilet rooms, continued; plumbing for ath estab
lishment; plumbing for engine house, factory plumbing; automatic flushing for
schools, factories, etc; use of flushing valves; urinals for public toilet rooms; the
Durham s stem, the destruction of pipes by electrolysis; construction of work without
use ofl ; automatic

some
lift; automatic sump tank! country plumbing; construc

tion of cesspools; se tic and automatic sewage siphon; country plumbing; water
supply for country ouse; thawin of water mains and service by electricity; double
boilers; hot water supply of large uildin s; automatic control of hot water tank; sug

gglsltion
for estimating lumbing construct on. 407 octavo pages, fully illustrated by 58

-page engravings. hird, revised and enlarged edition Just issued. Price . $5.00

STANDARD PRACTICAL PLUMBING. By R. M. Sfi‘ARBUCK.

A complete practical treatise of 450 pages covering the subject of Modern Plumbin
in all its branches, a large amount of space bein devoted to a very complete an

gractical
treatment of the subject of Hot Water upply and Circulation and Range

oiler Work. Its thirty chapters include about every phase of the subject one can
think of, making it an indispensable work to the master plumber, the journeyman
plumber, and the apprentice plumber, containing chapters on: the plumber's tools;
wiping solder; composition and use; joint wiping; lead work; traps: siphona‘ge

of

tralps;
venting; continuous venting; house sewer and sewer connections; house ;

sol piping, roughing; main trap and fresh air inlet; floor, yard, cellar drains, rain
leaders, etc; fixture wastes; water closets; ventilation; improved lumbin connec
tions; residence plumbing; lumbing for hotels, schools, facto es, stab es, etc;
modern

country
lumbing; ltration of sewage and water supply; but and cold

supply: range oi ers; circulation; circulating pipes; range boiler problems; hot
water for large buildings; water lift and its use; multiple connections for hot water
boilers; heatin of radiation by supply system; theory for the plumber;

drawing
for

theplumber. ully illustrated by 347 engravings. Price . . . . . . . $ .60

RECIPE BOOK

ENLEY’S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS AND
PROCESSES. Edited by GARDNER D. Hiscox.
The most . valuable Techno-chemical Formula Book published, including over 10,000
selected scientific, chemical, technological, and practical recipes and processes.

This is the most complete Book of Formulas ever published, giving thousands of
recipes for the manufacture of valuable articles for everyday use. Hints, Helps,
Practical Ideas, and Secret Processes are revealed within its pages. It covers every
branch of the useful arts and tells thousands of ways of making money, and is just the
book everyone should have at his command.
Modern in its treatment of every subject that

properly
falls within its scope, the book

may truthftu be said to present the very latest ormulas to be found in the arts and
industries. and to retain those processes which long experience has proven worthy of a
permanent record. To present here even a limited number of the subjects which finda place in this valuable work would be difficult. Suffice to say that in its pages will
be found matter of intense interest and immeasurably practical value to the scientific
amateur and to him who wishes to obtain a knowledge of the many processes used in
the arts, trades and manufacture, a knowledge which will render his pursuits more
instructive and remunerative._ Serving as a reference book to the small and large
manufacturer and supplying intelligent seekers with the information necessary to
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conduct a recess. the work will be found of inestlmable worth to the Metallurglst, the

Photlo’fra
er, the Perfumer. the Painter. the Manufacturer of Glues, Pastas. Cements,

and ucsages, the Compounder of Alloys, the Cook. the Physician, the Druggist. the
Electrician, the Brewer. the E ineer. the Foundryman, the Machinist. the Potter. theTanner, the Confectioner. the hiropodist. the Manicure, the Manufacturer of Chem
ical Novelties and Toilet Pre arations. the Dyer. the Electroplater. the Enameler. theEngraver. the Provlsmner. t e Glass Worker. the Goldbeater. the Watchmaker, the
Jeweler, the Hat Maker. the Ink Manufacturer. the Optician. the Farmer. the Dairy
man. the Paper Maker. the Wood and Metal Worker. the Chandler and Soap Maker,
the Veterinary Surgeon. and the (Technologist in general.

A mine of information, and up-to-date in every respect. A book which will prove of
value to_BVERYONE. as it covers every branch of the Useful Arts. Every home
needs this book: every office, every factory. every store, every public and private en

?rhprise—BVERYWHERE—should‘
have a copy. 800 pages. Cloth

WHAT IS SAID OF THIS BOOK:
“ Your Twaitieth Century Book of Recipes. Formulas, and Processes dul received.
I am glad to have a copy of it, and if I could not re lace it. money couldn‘t uy it. It
is the best thing of the sort I ever saw." (Sign ) M. E. Tnux. Sparta, Wis.
“ There are few persons who would not be able to find in the book some s' 16 formula.

tvl‘ilziitdwould
repay several times the cost of the book."—Merchan!s' Recor and Show

n ow.
" I purchased your book ' Henley's Twentieth Century Book of Recl . Formulas and
Prooesses' about a year ago and it is worth its weight in qold."— M. H. MURRAY.
Bennington, Vt.

"THE BOOK WORTH THREE HUNDRED DOLLARS "

"0n close examination of your ‘Twentieth Century Receipt Book,‘ I find it to be a
very valuable and useful book with the very best of practical information obtainable.
The price of the book. $3.00. is very small in comparison to the benefits which one can
obtain from it. 1 consider the book worth fully three hundred dollars to anyone."
—Dn. A. C. SPE'rrs, New York.

“ONE OF THE WORLD'S MOST USEFUL BOOKS"
" Some time ago. I got one of your ' Twentieth Century Books of Formulas" and have
made my living from it ever since. I am alone since my husband’s death with two
small children to care for and am trying so hard to support them. I have customers
who take from me Toilet Articles I put up, following directions given in the book,
3123
I have found every one of them to be fine."—Mns. J. H. McMAKEN. West Toledo,
0. - -

RUBBER

RUBBER HAND STAMPS AND THE MANIPULATION OF INDIA RUBBER.
By T. O’Conon SLOANE.
This book

gives
full details on all points, treating in a concise and simple manner the

elements 0 nearly everything it is necessary to understand for a commencement inany branch of the India Rubber Manufacture. The making of all kinds of Rubber
Hand Stamps. Small Articles of India Rubber, U. S. Government Compos1tion. Dating
Hand Stamps, the Manipulation of Sheet Rubber, Toy Balloons, India Rubber Solu
tions, Cements. Blackings, Renovatin Varnish. and Treatment for India Rubber
Shoes etc.; the Hektograph Stamp nks. and Miscellaneous Notes, With a Short
Account of the Discovery, Collection and Manufacture of India Rubber. are set forth
in amanner designed to be readil understood. the explanations being plain and simple.
Including a chapter on Rubber ire

Making‘
and
Vulcanizincg;

also a cha ter on the
uses of rubber in Surgery and Dentistry. hird revised an enlarged ed tion. 175Dagos.111ustrated....................$1.25
HENLEY’S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS
AND PROCESSES. Edited by GARDNER D. HISCOX.
Contains upward of 10,000 practical receipts, including among them formulas on
artificialrubber. Cloth Bound. Price . . . . . . . . . . - $4430
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SAWS

SAW FILING‘AND MANAGEMENT OF SAWS. By ROBERT GRIMBHAW.
A practical hand-book on filing. gumming. swaging, hammering. and the brazing of
band saws, the speed, work. and power to run circular saws, etc. A handy book for
those who have charge of saws, or for those mechanics who do their own filing. as it deals
with the proper shape and pitches of saw teeth of all kinds and gives many useful hints
and rules for gumming. setting, and filing, and is a practical aid to those who use saws
for any

(purpose.
Complete tables of proper shape. pitch, and saw teeth as well as

an number of teeth _of various saws are included. Fourth edition, revised andenlarged.lllustrated.Price................$1.60

STEAM ENGINEERING

AMERICAN STATIONARY ENGINEERING. By W. E. CRANE.
This book begins at the boiler room and takes in the whole power plant. A plain
\ talk on every-day work about

engines,
boilers, and their accessories. It is not intended

to be scientific or mathematica . All formulas are in simple form so that any one
understanding plain arithmetic can readily _understand any of them. The author
has made this the most practical book in print; has given the results of his years of
experience, and has included about all that has to do with an engine room or a power
plant. You are not left to guess at a single point. You are shown clearly what to
expect under the various conditions; how to secure the best results; ways of prevent
ing “shut clowns" and repairs: in short, all that goes to make up the requirements
of a good engineer, capable of taking charge of a plant. It’s plain enough for practical
men and yet of value to those high in the profession.
A partial list of contents is: The boiler room, cleaning boilers, firing, feeding; pumps,
inspection and repair; chimneys, sizes and cost;

Eping;
mason work; foundations;

testing cement; pile driving; engines, slow and ‘gh speed; valves; valve setting;
Corliss engines, setting valves, single and double eccentric; air pumps and condensers;
difl'erent types of condensers: water needed; lining up; pounds; pins not square in
crosshead or crank; engineers' tools; pistons and piston rings; bearin metal; hard
ened c0pper;_drip pipes from cylinder jackets; belts, how made, care 0 ; oils; greases:
testing lubricants; rules and tables, including steam tables; areas of segments;
s uares and square roots; cubes and cube root; areas and circumferences of circles.
otes on: Brick work; explosions; pumps; pump valves; heaters, economizers;
safety valves; lap, lead, and clearance. Has a. complete examination for a license,
etc., etc. Second edition. 285 pages. Illustrated. Price . . . . . . $2.50

ENGINE RUNNER’S CATECHISM. By ROBERT GRIMSHAW.
A practical treatise for the stationary engineer, telling how to erect, adjust, and run
the principal steam engines in use in the United States. Describing the principal
features of various special and well-known makes of engines: Temper Cut-oil, Ship ing
and Receivi Foundations, Erecting and Starting, Valve Setting, Care and se,
Emergencies. recting and Adjusting Special Engines.
The questions asked throughout the catechism are plain and to the point, and the
answers are given in such simple language as to be readily understood by anyone. All
the instructions given are complete and up-to-date; and they are written in a popular .
style. without any technicalities or mathematical formulae. The work is of a hand
size for the pocket, clearly and well printed, nicely bound, and profusely illustrated.
To young engineers this catechism will be of great value, especially to those who may
be preparing to go forward to be examined for certificates of competency; and to
engineeis generally it will be of no little service. as they will find in this volume more
really practical and useful information than is to be found anywhere else within a like
compass. 387 pages. Seventh edition. Price . . . . . . . . . . $2.00

HORSE-POWER CHART.
Shows the horse-power of any stationary engine without calculation. No matter what
the cylinder diameter of stroke. the steam pressure of cut-ofl', the revolutions, or
whether condensing or non-condensing, it's all there. Easy to use, accurate, and
saves time and calculations. Especially useful to engineers and des1gners. 50 cents
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MODERN STEAM ENGINEERING IN THEORY AND PRACTICE. By
GARDNER D. Hiscox.
This is a complete and

lpractical
work issued for Stationary Engineers and Firemen.

dealing with the care an management of boilers. engines. pumps. superheated steam.
refrigerating machinery, dynamos. motors. elevators. air compressors, and all other
branches with which the modern engineer must be familiar. Nearly 200 questions with
their answers on steam and electrical engineering. likely to be asked by the Examin
ing Board. are included.
Among the chapters are: Historical: steam and its properties; appliances for the

generation
of steam; types of boilers; chimney and its work; heat economy of the

cod water; steam pumps and their work; incrustation and its work; steam above
atmospheric pressure; flowloi’ steam from nozzles; superheated steam and its work;
adiabatic expansion of steam; indicator and its work; steam engine proportions; slide
valve engines and valve motion; Corliss engine and its valve gear; compound en inc
and its theory; triple and multiple expansion engine; steam turbine; refrigerat on;
elevators and their management; cost of power; steam en ine troubles; electric
power and electric plants. 487 pages. 405 engravings. 3d E tion. . . . $8.50
STEAM ENGINE CATECHISM. By ROBERT GRIMSHAW.
This unique volume of 413 pages is not only a catechism on the question and answerprinciple. but it contains formulas and worked-out answers for all the Steam problems
that appertain to the operation and management of the Steam Engine. Illustrations
of various valves and valve gear with their principles of o ration are given. Thirty
i'our Tables that are indispensable to every engineer an fireman that wishes to be
progresswe and is ambitious to become master of his calling are within its pages. It is
a most valuable instructor in the service of Steam Engineering. Leading engineers
have recommended it as a valuable educator for the or as well as a reference book
for the engineer. It is thoroughly indexed for every stall. Every essential question
on the Steam Engine With its answer is contained in this valuable work. Sixteenthedition.Price........ . $2.00

STEAM ENGINEER’S ARITHMETIC. By Comm-01mm.
A practical pocket-book for the steam en neer. Shows how to work the problems of
the engine room and shows "why." Te s how to figure horsepower of e ines and
boilers; area or boilers; has tables of areas and circumferences; steam tab es; has a
dictionary of engineering terms. Puts you on to all of the little kinks in figuri what
ever there is to figure around a power plant. Tells you about the heat unit; a solute
zero: adiabatic expansion; duty of engines; factor of safety; and athousand and one
other things; and everything is plain and simple—not the hardest way to figure. but
theeasiest. SecondEdition. . . . . . . . . . . . . . . . 5 cents

STEAM ENGINE TROUBLES. By H. HAMKENS.
It is safe to say that no book has ever been published which gives the practical en
gineer such valuable and comprehensive information on steam engine deSign and
troubles. There are descriptions of cylinders, valves. pistons. frames. pillow blocks
and other bearings. connecting rods, wristplates. dashpots, reachrods. valve gears.
governors. piping. throttle. and emergency valves. safety stops. flywheels. Oilers.
etc. If there is any trouble with these parts. the book gives you the reasons and
tells how to remedy them. 350 pages. 276 illustrations. Price . . . . $2.50

BOILER ROOM CHART. By Geo. L. FOWLER.
A chart—size 14 x 28 inches—showing in isometric perspective the mechanism b6—
nging in a modern boiler room. The various parts are shown broken or removed.
so that the internal construction is fully illustrated. Each part is given a reference
number. and these, with the corresponding name. are given in a. glossary

grintedatthesides.Prlce................2mm"
STEAM HEATING AND VENTILATION

PRACTICAL STEAM, HOT-WATER HEATING AND VENTILATION. By
A. G. KING. ‘

This book is the standard and latest work published on the subject and has been pre
pared for the use of all engaged in the business of steam. hot-water hunting, and ventila
tion. It is an original and exhaustive work. Tells how to get heating contracts, how
to install 1198-th and ventilating apparatus. the best business methods to be used,
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with “Tricks of the Trade" for shop use. Rules and data for estimating radiation
and cost and such tables and information as make it an indispensable work for every
one interested in steam, hot-water heating, and ventilation. It describes all the principal
systems of steam, hot-water, vacuum, vapor, and vacuum-vapor heating. together
with the new accelerated systems of hot-water circulation, including chapters on
up-to-date methods of ventilation and the fan or blower system of heating and ventila
tion. Containing chapters on: I. Introduction. II. Heat. Evolution of
artificial heating apparatus. IV. Boiler surface and settings. V. The chimney flue.
VI. Pipe and fltt' s. VII. Valves, various kinds. VIII. Forms of radiating
surfaces. IX. Locat of radiating surfaces. X. Estimating radiation. XI. Steam
heating apparatus. X I. Exhaust-steam heating. XIII. Hot-water heating. XIV.
Pressure systems of hot-water work. XV. Hot-water appliances. XVI. Greenhouse
heating. XVII. Vacuum vapor and vacuum exhaust heating. XVIII. Miscella
neous heating. XIX. Radiator and pipe connections. XX. Ventilation. XXI.
Mechanical ventilation and hot-blast heating. XXII. Steam apphances. XXIII.
District heating. XXIV. Pipe and boiler covering. XXV. Tem erature re ulation
and heat control. XXVI. Business methods. XXVII. Misce aneous. XVIII.
Rules, tables, and useful information. 367 pages. 300 detailed engravings. SecondEdition—Revised.Price..................$8.50
‘500 PLAIN ANSWERS TO DIRECT QUESTIONS ON STEAM, HOT-WATER,
VAPOR AND VACUUM HEATING PRACTICE. By ALFRED G. KING.
This work, just of! the ress. is arranged in question and answer form; it is intended as

guide and text-book or the ounger. inexperienced fittél‘ and as a reference book forfitters. This book tells “ ow' and also tells "why." No work of its kind has
ever been

(Published.
It answers all the questions regarding each method or system

that woul be asked by the steam litter or heating contractor. and may be used as a
text or reference book, and for examination questions by Trade Schools or Steam
Fitters' Associations. Rules. data. tables and descriptive methods are given. to
gether with much other detailed information of daily

practical
use to those engaged in

or interested in the various methods of heatin . aluable to those preparin for
examinations. Answers every question asked re ating to modern Steam, Hot- ater,
Vapor and Vacuum Heating. Among the contents are: The Theory and Laws of
Heat. Methods of Heating. Chimneys and Flues. Boilers for Heating. Boiler
Trimmings and Settings. Radiation. Steam Heating. Boiler, Radiator and Pipe
Connections for Steam Heating. Hot Water Heating. The Two-Pipe Gravity
System of Hot Water Heating. The Circuit System of Hot Water Heating. The
Overhead System of Hot Water Heating. Boiler, Radiator and Pipe Connections forGraVity Systems of Hot Water Heating. Accelerated Hot Water Heating. Ex
pansion Tank Connections. Domestic Hot Water Heating. Valves and Air Valves.
Vacuum Vapor and Vacuo-Vapor Heating. Mechanical Systems of Vacuum Heating.
Non-Mechanical Vacuum Systems. Vapor Systems. Atmospheric and Modulating
Systems. Heating Greenhouses. Information, Rules and Tables. 200 pages, 127
illustrations. Octavo. Cloth. Price . . . . . . . . . . . $2.00

STEEL

STEEL: ITS SELECTION, ANNEALING, HARDENING, AND TEMPERING.
By E. R. MARKHAM.
This work was formerly known as “The American Steel Worker." but on the pub
lication of the new, revised edition, the publishers deemed it advisable to change its
title to a. more suitable one. It is the standard work on Hardening, Tempei'ing,
and Annealing Steel of all kinds.
This book tells how to select. and how to work, temper, harden. and anneal steel for
everything on earth. It doesn’t tell how to temper one class of tools and then leave
the treatment of another kind of tool to your imagination and judgment, but it givescareful instructions for every detail of every tool, whether it be a tap, a reamer or justa screwdriver. It tells about the tempering of small watch springs. the hardening of
cutlery. and the annealing of dies. In fact, there isn't a thing that a. steel worker
would want to know that isn't included. It is the standard book on selecting, harden
ing. and temperln all grades of steel. Among the chapter headings might be mentioned
the following an jects: Introduction; the workman; steel; methods of heating:

,.\
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heating tool steel; forging; annealing: hardening baths: baths for hardening; harden
ing stccl; drawing the temper after hardening; examples of

hardening;
pack harden

ing; case hardening; spring tempering; making tools of machine stee ; special steels;
steel for various tools; causes of trouble; high speed steels, etc. 400 pages. Ve
fully illustrated. Fourth Edition. Price . . . l'(

v
)

HARDENING, TEMPERING, ANNEALING, AND FORGING OF STEEL.
By J. V. Wooowonrn.
A new work treating in a clear. concise manner all modern processes for the heating,
annealing, forging, welding, hardening. and tempering of steel, making it a book of
reat practical value to the metal-working mechanic in general. with special directions
or the successful hardening and tempering of all steel tools used in the arts. including
milling cutters. taps. thread dies. reamers, both solid and shell, hollow mills. punches
and dies, and all kinds of sheet metal working tools, shear blades, saws. fine cutlery. and
metal cutting tools of all description, as well as for all implements of steel both large
and small. In this work the simplest and most satisfactory hardening and temper
ing processes are given.
The uses to which the leading brands of steel may be adapted are concisely presented,
and their treatment for working under different conditions explained, also the special
methods for the hardening and tempering of special brands.
A cha ter devoted to the different processes for case—hardening is also included, and
specia reference made to the ada tation of machinery steel for tools of various kinds.
Fifth Edition. 322 pages. 215 ustrations. Price , . . . . . . . $3.00

TRACTORS

THE MODERN GAS TRACTOR. By Ma10r VICTOR W. PAGE.
A complete treatise describing all types and sizes of gasoline. kerosene. and all tractors.
Considers design and construction exhaustively. gives complete instructions for care,
operation and repair, outlines all practical applications on the road and in the field.
The best and latest work on farm tractors and tractor power plants. A work needed
by farmers, students, blacksmiths, mechanics. salesmen, implement dealers. designers,
and engineers. 500 pages. Nearly 300 illustrations and folding plates. Price $3.00

TURBINES

MARINE STEAM TURBINES. By DR. G. BAUER and O. LASCH'E. Assisted
by E. LUDWIG and H. VOGEL. Translated from the German and edited by
M. G. S. SWALLow.
The book is essentially practical and discusses turbines in whiCh the full expansion 01
steam passes through a number of separate turbines arranged for driving two or more
shafts, as in the Parsons system. and turbines in which the complete expansion 01
steam from inlet to exhaust pressure occurs in a turbine on one shaft. as in the case
of the Curtis machines. It will enable a designer to carry out all the ordinary calcula
tion necessary for the construction of steam turbines. hence it fills a want which
is hardly met by larger and _more theoretical works. Numerous tables, curves anddiagrams will be found. which explain with remarkable lucidity the reason why
turbine blades are designed as they are. the course which steam takes through tur‘
blues of various types, the thermodynamics of steam turbine calculation, the influenci
of vacuum on steam consumption of steam turbines. etc, In a word. the very in
formation which a. designer and builder of steam turbines most requires. Largl
octavo. 2111 pages. Fully illustrated and containing 18 tables. including an

entr081chart.Pricanet.......... .$4.(' - s o u c
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