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PREFACE

This volume has been prepared in response to a generaldemand
created by a series of articles which appeared inElectrician and
Mechanic, Popular Electricity and Moden.Mechanics, and The Worlds
Advance. The articles coveredbriefly the apparatus employed in an
experimental study ofhigh frequency current phenomena over a period
of severaiyears.

In this work, I have spared no effort to produce a treatiseof
practical value. Theory has been ignored chiefly becauseit would
serve merely to confuse the non-technical reader.

The designs offered are more than theoretical they are theresult
of actual construction and experiment. In many cases,the entire
oscillation transformer has been rebuilt and rewoundmany times
before satisfactory results were obtained.

The work has been divided into six basic parts. The firsttwo
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 thedesign
and construction of these devices as applied to the workin hand.
The third section covers the construction of smallhigh frequency
outfits designed for experimental work inthe 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

vii
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viii PREFACE

vegetables. The sixth section is devoted to a comprehensive

discussion of apparatus of large size for use upon the stage

in spectacular productions.

An appendix giving the current prices of the parts and

materials required for the construction of the apparatus de

scribed has been added with a view to expediting the pur

chase of the necessary goods.

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 illustrations
of standard electro-therapeutic apparatus; Clapp-Eastham

Company for illustrations and the list of parts and
materials;

Mr. Melville Eastham for a practical working knowledge of

magnetic leakage transformer design and construction; and,

last, but not by any means least, Prof. Wm. C. Houghton, for

many ideas and suggestions, and much unselfish manual labor

during the course of experiments which made this
treatisepossible.

THOMAS STANLEY CURTIS.

Aeolian Hall, New York City.

February, 1916.
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CHAPTER I.

THE ALTERNATING CURRENT AT LOW AND

HIGH FREQUENCIES.

While the manuscript for this book was being prepared, the
author was approached by a caller who intro

duced himself as an enthusiastic experimenter and a readerof all
manner of practical books. This gentleman explainedthat he was an
armature winder by trade, and that hewished to take up high tension
work solely as a hobby. Hewas possessed of but little knowledge of
mathematics andhad been unable to understand the many books on
transformer design and construction that he had purchased.

A few minutes conversation with this caller broughtto light some
important points which since have prompteda radical and wholesale
change in the method of treatment. Half a dozen pointed questions
suggested the introduction to the general subject that is offered
in the nextfew paragraphs.

What the Alternating Current is. An alternating cur

rent is one that periodically changes its direction of flow
acertain number of times per second. It is the reverse of thedirect
current which is assumed to leave the battery or dynamo at the
positive pole and return by way of the negative

pole. With the alternating current, the terminals of themachine
are alternately positive and negative. This characteristic is well
shown in the diagram, Fig. 1, which may

be assumed to show the course taken by a current leaving

1
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the terminals of an alternating current generator havingfour
field poles and having its armature or rotor drivenat 1800 R. P. M.
This machine would be termed a 60-cycle

alternator because the current it delivers would make 60complete
cycles or 120 alternations in a space of one second.

With reference to Fig. 1, let us assume that A represents the
current as it starts from one collector ring of themachine.
Following the direction indicated by the arrow,we find the current
rises in voltage until it reaches its peakat B. The value then
falls back to zero as the current re

turns to the other collector ring, C. At this point the
arma-

Fig. 1. Diagram showing how an alternating current periodically
reverses itsdirection of flow

ture or rotor of the machine passes to the next set of fieldor
stator poles and the current starts out over its circuitagain, but
in the reverse direction. For convenience, this isshown as below
the zero line in the illustration. LeavingC, the current rises to
the maximum at D and then returnsto E.

The period of time taken in the passage from A to Bit just 1/60
second; in this space of time the current hatmade a complete cycle
of two alterations, one in a positive
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THE ALTERNATING CURRENT 3

and the other in a negative direction. In one second oftime, it
will have made 60 complete cycles; it is thereforecalled a 60-cycle
current.

Change of Frequency. Now let us assume that the alternator be
supplied with eight field or stator poles insteadof four. As a
reversal of current occurs when the rotorwindings pass from the
influence of one pair of stator polesto the next pair, it is
obvious that to double the number ofstator poles is to double the
frequency, if the speed atwhich the armature is driven remains the
same in each

case. On the other hand, precisely the same result is obtained
if the number of poles remains fixed and the speedof the rotor is
doubled. Therefore, the matter sums itselfup into a simple formula
which will be useful to the workerif he will but understand it and
not fear it as some intangible form of mathematics. The formula
is:Frequency =

R.P.M. x Number of Poles

2 x 60

Therefore, if we know the number of poles of a givenmachine and
the speed at which it is driven, we may multiply the number of
revolutions per minute by the numberof 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 frequencyfrom a
given machine; we must determine the numberof revolutions at which
the rotor must be driven. Thisformula is:R.P.M. =

2 x 60 x Frequency

Number of Poles
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To simplify the first formula into a form where it isready for
use at a moments 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 divided by 2 is 2.
Therefore, the machine will deliver twocycles to every complete
revolution of the rotor. If thespeed is 1800 revolutions per minute
or 30 per second, thefrequency 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-cyclecurrent
is in general use in the United States. Certainparts of the country
still use 125 and 133-cycle currentsand in Canada the 25-cycle
current is much in evidence.

A change in the frequency of the current necessitatesprofound
changes in the apparatus it is intended to operate. It is not
within the province of this work, however,to touch upon the
alterations necessary in motors in orderthat they may be adapted
for various frequencies. Suffice it to say that in the case of
transformers, which areclosely identified with the apparatus
described, any changein the frequency of the current necessitates a
correspondingchange in the windings of the transformer.

Generally speaking, one of the higher frequencies is tobe
preferred for transformer work, for the core may belighter and
smaller, and the instrument is consequentlycheaper and easier to
build. Therefore, if the worker intends to generate his own
alternating current, he may wellemploy an alternator producing a
120-cycle current atmoderate speed. As a rule, however, some form
of alter

nating current supply is available and, in such event,
theexperimenter will, of course, find it cheaper and better to

* For a comprehensive treatment of the theory of alternating
currentt, oooEleatricity at High Potentials and
Fraquencies.Transtron, $2.00.
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so design his apparatus that it will operate in a
satisfactorymanner on the circuit at hand.

In the various descriptions of transformers which fol

low in later chapters, the data for all standard frequenciesare
given in order that the worker need not make computations unless he
so desires. In addition to this, one entirechapter is devoted to a
simple explanation of the principlesof transformer design, and,
from this explanation, the average worker will be enabled to work
out any special design that may appear desirable.

The High Frequency Current. When an alternatingcurrent is made
to change its direction of flow many thousands of times per second,
it is termed a "high frequencycurrent." The precise figure at which
this term is properlyapplied is not very clearly defined but it is
usually placedat the mark of 10,000 cycles per second. From this,
itmay extend into the hundreds of thousands or perhaps

millions of cycles per second. How this current, which
oscillates with such inconceivable rapidity, is produced will

be duly explained in the next chapter, but first of all letus
consider the peculiar characteristics of which it partakesand the
uses to which it may be put.

Characteristics of the H. F. Current. For the
seriousexperimenter and student of modern electricity, there isno
more fascinating study than that of the electric currentat high
potential and high frequency. The phenomenawhich may be exhibited
through its agency are at oncespectacular and startling, of
inconceivable beauty andgrandeur, and, in practical applications,
of the greatestutility and importance. While the larger types of
apparatus demand that the utmost care and the finest materials

be used in the construction, the youthful experimenter
maysatisfy his craving for immediate results by building temporary
apparatus of the crudest construction imaginable
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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
thepreconceived theories of electricity as applied to the
commercial current are overthrown and the phenomena exhibited are
contradictory in the extreme to the conventionalideas the everyday
electrical worker. For example, if analternating current of the
commercial sort having a frequency of 60 or 125 cycles per second,
be passed through

the human body, a muscular contractive effect is producedand the
sensation of an electric shock is felt. If the voltage of the
applied current should be higher than the hundred mark, the shock
is unpleasant and perhaps dangerous;let it reach 1,000 volts or
perhaps even half that amount,and the shock is in most cases fatal.
On the other hand,if the current be made to oscillate or change its
direction

of flow with a frequency of 10,000 or more cycles per second, it
may be applied to the body without danger or evendiscomfort at
potentials running well into the tens of thousands. Let the
frequency be increased still further, sayinto the millions, and the
sensation of shock and muscularcontraction is quite absent. Its
place is taken by one ofgentle warmth.

Spectacular Demonstrations. The importance of thisone
peculiarity alone will be appreciated by those whohave seen the
self-styled electrical marvels upon the stage.Their claims to the
effect that they are taking thousandsof volts through their bodies
are perhaps well foundedfor the presence of a spark several inches
long is prettygood evidence of a very high potential. It is usually
conceded that every inch of spark between points throughthe air
represents a potential of between five and ten thousand volts. The
secret of the performer's apparent power
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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 perhapsthe
performer may light the tip of his cigarette with thespark taken
between his finger and the body of the assistant.Possibly the
performer may grasp the terminal of his machine with one hand while
the other holds a wire leading

to an ordinary incandescent lamp; the assistant touches
theremaining terminal of the lamp and the current is turnedon. The
lamp filament becomes red and perhaps whitehot, finally burning out
completely with the current passedthrough the bodies of the
performer and his man.

The stage may be darkened and the terminal of theapparatus
connected with the body; as the current is turned

on, the extremities of the body are seen to glow with aweird
blue light. As the hand is raised above the head,streamers of
purplish fire dart from the finger tips. Avacuum tube brought to
within a distance of several feetfrom the body lights up with its
characteristic glow eventhough there is no connection with the
performer's bodyor the apparatus.

All of these experiments and hundreds of others maybe performed
with comparatively simple and inexpensiveapparatus that is well
within the reach of the average amateur mechanic. If the reader
aspires to greater heights, hemay build apparatus with which great,
long sparks may beproduced.

The High Frequency Current in Medicine. The high

frequency current, when applied to the human body
throughsuitable electrodes and other appurtenances, can be madeto
produce the most profound physiological effects. Ap-
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plied through a glass electrode from which the air has
beenexhausted, the current stimulates the circulation of the

blood, bringing it to the surface and increasing nutrition.

Persistent application of the vacuum electrode to the scalpat
certain intervals will restore the original color to greyhair. On
the scalp of a partially bald patient, repeatedapplications will
promote the growth of new hair if theroots have not been totally
destroyed.

Placing the patient in a chair having a metallic platebeneath
its seat and behind the back, the physician may ad

minister the high frequency current in the form of treatment
known as auto condensation and thereby reduce theblood pressure in
cases of arteriosclerosis. The same treatment is being successfully
used in the reduction of superfluous flesh.

The general effect on the patient is a tonic one and
inpractically every case reported, the patient has beenbrightened
up, given added vigor and cheerfulness, and, infact, has exhibited
all of the favorable effects of a powerfultonic without sustaining
any of the unfavorable after effects of a stimulant.

While on the subject of the medical application of thehigh
frequency current, it may be well to point out the

fact that while no ill effects are likely to be experiencedfrom
the treatment in the hands of an unskilled operator,continued
applications intended to produce a medicinal effect upon the body
should certainly not be given by thelayman without first having had
the advice of a physician.The two primary modes of treatment, i.
e., the vacuum electrode and the auto condensation, produce
diametrically op

posite effects. The electrode treatment tends to increasethe
blood pressure while the auto condensation tends toreduce it; It is
obvious, therefore, that the auto condensation should never be
applied except in cases where normal
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or hyper tension is indicated. After the examination hasbeen
made and the treatment prescribed, there is no reasonwhy the actual
administration should not be given by the

layman if the physician keeps a watchful eye on the progress at
suitable intervals between treatments.

The Generation of Ozone and the X-Ray. For thephysician or the
experimenter, there is perhaps no form ofX-Ray apparatus better
adapted to light office or laboratory use than the high frequency
coil. It is safe, convenientand 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-Rayis never quite safe
in the hands of anyone other than askilled operator having years of
experience on his shoulders.The ray generated by a tube excited
with a high frequencycurrent is, however, less liable to produce
the characteristic burn than is that produced by any other means.
Just

why this is so, is not definitely known, but the experienceof
the past few years indicates beyond a doubt the truthof the
statement.

A high frequency coil to produce an eight-inch sparkof a quality
adapted to light X-Ray work can be built inthe home workshop at
only a fraction of the cost of aninduction coil to do the same
work. Furthermore, thehigh frequency apparatus is simple in
construction and operation and it can be depended upon to do its
work withoutthe annoying delays incident to the usual induction
coilwith its troublesome interrupter and the ever-present danger of
a serious breakdown of the insulation.

As a generator of ozone for medicinal purposes, the

high frequency coil is particularly energetic and efficient.When
the discharge terminals of the coil are separated beyond the normal
sparking distance, great volumes of ozoneare liberated in the space
filled with a crackling brush dis-
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charge. When the vacuum tube electrode is passed overthe body,
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 glasswith an air
space between can be made to produce the gasin ample quantities and
with the additional advantage thatit may be collected and
administered to the patient througha suitable rubber tube and
mouthpiece. Furthermore, thissimple appliance permits one to pass
the gas through asmall quantity of oil of eucalyptus which tends to
remove

the nitrous oxide that invariably accompanies ozone generated by
the electric spark.

Electrical Cultivation of Plants. The high frequencycurrent,
when sent through a network of wires above a plotof ground, has the
peculiar property of stimulating theplant life in the earth beneath
the wires. Just why thisshould be so is not definitely known; while
various theories

have been advanced, it is possible that one and all may befaulty
and it is not within the province of this book tooffer theories.
The apparatus required for the cultivationof 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 requiredfor 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 suggestions
for hot-house work with both vegetables and flowers.

The electrical cultivation of plants is entirely practicalif a
source of cheap electric power is available. On thesmall farm where
water power or even gasoline enginepower is developed, the electric
current may be generatedat very low cost in quantities sufficient
for practical work.
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The experiments have their commercial side as well astheir
purely experimental. Crops may be forced to anearly maturity with a
marked increase in the flavor and

tenderness. Lettuce is particularly susceptible to the influence
of the current, while radishes and beets followclosely. For fancy
fruits and vegetables the process isproductive of results which add
materially to the profitsordinarily to be made.

Radio Telegraphy and Telephony. Beyond a doubt, themost popular
and the best known application of the oscil

latory current is in the field of radio telegraphy and
telephony. Every village seems to have one or more amateurwireless
telegraphs.

The oscillatory current, when vibrating within a certainrange of
periodicities, sets up electromagnetic waves in theether if it be
sent into an aerial or overhead wire whichis insulated from the
earth. These waves, which resemble

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

The apparatus described in this book is admirablyadapted for
purposes of radio telegraphy and some of thetransformers,
condensers and spark gaps represent the bestand most modern
practice in the construction of radio trans

mitters.
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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. Inone of
these methods, an alternating current generatorhaving a very large
number of stator pole pieces is employed ; this is essential in
order that the speed at which therotor 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 readers practical knowledge will doubtless tell himthat a
heavy, composite mass of metal, driven at this speed,introduces
complications that are very likely to result disastrously should
anything go wrong. The maximum frequency obtainable by this method
is about 100,000 cycles

per second and this frequency, with a useful output of current,
is to be obtained only through the use of a very costly

and dangerous machine. The high frequency alternatormethod,
while it undoubtedly possesses some positivelyunique advantages in
radio telegraphy and telephony, isscarcely a piece of apparatus
that comes within the scopeof this book.

The second method is by means of the direct currentarc. 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
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have induced in it a high frequency current similar to
thatoscillating in the primary circuit. By means of a
suitableadjustment of the ratio existing between the turns in
the

two coils, the potential delivered at the secondary terminalsmay
be increased practically at will.

The most familiar use of the arc as a high frequencycurrent
generator is in the field of radio telephony. Thepurity of the wave
generated by the arc renders it particularly well adapted to this
use. For purposes of demonstration, however, the arc generator is
not capable of de

livering a sufficiently large output. With all due respect tothe
method in the work for which it is best adapted, weshall therefore
recommend that the experimenter discardit, using in its stead, the
condenser discharge form of generator, a detailed description of
which follows.

Condenser Discharge Generator. It is assumed that theaverage
reader of this book will be familiar with the ele

mentary principles of wireless apparatus. Granting this,it is,
of course, reasonable to believe that such readers willunderstand
how an oscillatory current is set up in a circuitcomprising an
inductance or coil of wire, a capacity orcondenser, and a spark
gap. The condenser is charged witha high tension current from any
convenient source suchas a transformer or induction coil, and when
the potential

stored up in the condenser reaches a critical value, the airin
the gap between the spark gap electrodes can no longerstand the
strain, and the condenser discharges across thegap in a succession
of crashing sparks. As the currentfrom the condenser crosses the
gap in one direction, it literally over-reaches itself just as a
pendulum swings past theneutral point when given a push with the
hand. When the

first rush of current passes in one direction, a reversal ofthe
cycle occurs and a second rush in the opposite direction 13
effected. This operation is repeated many thou-
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sands of times per second, the discharge gradually dyingdown
until the potential across the condenser has been lowered to such
an extent that the spark can no longer jump

the air gap. The Condenser immediately takes a freshcharge from
the transformer and the entire cycle of operations is repeated. It
will be understood that all of this

passes in an infinitesimal fraction of a second, the chargeand
discharge of the condenser taking place so rapidly thatthe observer
can detect no change in the solid spark whichappears continuously
to fill the gap.

As the current surges back and forth through the inductance,
which is merely a coil of a few turns of very heavywire, a similar
current is induced in a second coil of wireplaced in the same plane
as the first. A slight increasein the number of turns in the
secondary over those in theprimary will result in a very large
increase of potentialbetween the secondary terminals.

Unlike the low frequency or commercial transformeithe high
frequency or oscillation transformer requires noiron core whatever;
indeed, the presence of iron in the centerof 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 ahigh
frequency current of practically any desired potential.,

it is only necessary to combine two coils of insulated wireof
the proper proportions and number of turns with a conventional
transformer, condenser and spark gap.

The Kicking Coil Method. The operation of a hightension
transformer for the charging of a condenser necessitates an
alternating current. There are certain caseswherein it is desirable
to produce a high frequency current

where direct current only is available. This is particularlytrue
in the case of electro-medical apparatus which mustfrequently be
used at the patient's bedside. For this type
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of apparatus, a simple modification of the condenser discharge
principle is available. This method utilizes whatis known as a
kicking coil.

A kicking coil is a solenoid of coarse copper wire woundupon a
laminated iron core. If a direct current be sentthrough this
winding, and the circuit broken suddenly, apronounced flash will
occur at the break of contact. Thehigh potential represented by
this flash is induced by theself-induction of the coil wound on the
iron core. Underfavorable circumstances the instantaneous voltage
generated

may reach from several hundred to considerably over athousand
volts. This potential is, of course, quite sufficientto charge a
condenser, and it is only necessary to providesome suitable means
for rapidly making and breaking thecircuit with condenser and
inductance in series in order togenerate a high frequency current
quite similar to that produced with the apparatus described in the
preceding section.

Experiment has shown that a substantial vibrating interrupter
with heavy silver contacts serves the purpose admirably. The
vibrator is actuated by means of the magnetism in the core of the
kicking coil.
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CHAPTER III.

THE HIGH POTENTIAL TRANSFORMER OR

INDUCTION COIL.

As the reader will have inferred from the precedingchapter, the
condenser discharge principle is employed in

the construction of all of the apparatus described in thiswork.
While the use to which each particular outfit is tobe put governs,
in a large measure, the actual constructionand design of the
component parts of the apparatus, the

basic principle is quite the same in each case. Grantingthis,
each outfit will comprise the following units:

The Transformer or Induction Coilwhich converts the

low voltage current available from the lighting circuit,
orperhaps a battery, into a high voltage current suitable
forcliarging

The Condenser, which is composed of alternate sheetsof metal and
glass or other material having a high insulationresistance. The
condenser discharges its load of electriccurrent at high pressure
across

The Spark Gap, which is composed, essentially, ofmetallic
electrodes, having accurately turned faces held inthe same plane by
means of suitable supports. In serieswith the spark gap and
condenser is the primary of

The Oscillation Transformer, which comprises two coilsor 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 turnsof fine
wire.
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Fig. 1. Simple open core transformer. Core is represented by C,
primary by P,and secondary by S

A few general suggestions relative to each of theseunits and
their relations one to the other will, it is believed,be conducive
to a clearer understanding of the detaileddirections which follow
in later chapters. No attempt will

be made, in the present chapter, to offer details of
construction such as dimensions of the parts, as this feature

is covered specifically in the directions given in
succeedingchapters, each of which is devoted to a complete
descriptionof a certain type of outfit. The object of the
generalinformation in this and the following chapter is to
affordthe reader, who has delved but slightly into the
intricaciesof high tension electrical work, an intelligent insight
intothe 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 consistsof a
core, C, Fig. 1, of laminated iron, a primary windingof insulated
copper wire, P, and over this a secondary winding, S, also of
insulated copper wire. An alternating current sent through one
winding induces a similar current in

the second winding. A variation in the ratio existing between
the turns of the two coils, produces a correspondingchange in the
induced voltage.
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Such a transformer is known as an open core instrument because
the magnetic lines of force set up in thestraight iron core must
reach around through the air as

shown in Fig. 1 to complete the magnetic circuit. A modification
is shown in Fig. 2 which illustrates a method bymeans of which the
windings of the transformer are partially surrounded by iron. This
provides a ready path forthe lines of force with a large increase
in the efficiency ofthe instrument. Such a transformer is said to
have a closedcore.

There are many modifications of the closed core transformer, all
of which have merits peculiar to the uses towhich they are put. For
lighting and power work, it isdesirable to have the primary and
secondary windings asclosely coupled as possible and, to this end,
most powertransformers have very compact cores which almost
coverthe windings. The effect of this close coupling is to im

prove the regulation of the transformer, i.e., to reducethe
fluctuation in voltage from no load to full load to aminimum. This
type is shown in Fig. 4.

Transformers for Condenser Charging. In the earlydays of radio
telegraphy, when transformers were first used

Fig. 2. Showing principle of closed core transformer. Lines of
force passthrough the closed magnetic circuit instead of through
the air as in Fig. 1
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Fig. 3. Typical oscillatory circuit showing how high frequency
current isgenerated by meant of the condenser discharge method

for the charging of condensers, the experimenter knew butlittle
of the requirements of the process. The only high tension
transformers available were of the power variety withclosely
coupled primary and secondary, and the first trialsof these gave
such promising results that the workers wereinduced to carry on an
extensive line of research with aview to improving the
apparatus.

One great difficulty was experienced from the start.A glance at
Fig. 3 shows that the secondary terminals ofthe transformer are
shunted by the spark gap, which inturn is shunted by the condenser
and primary of the oscillation transformer in series. When the
condenser dis

charges across the spark gap, the discharge produces ashort
circuit for the secondary current in the transformerafter the spark
has died away. This causes an arc to formwith the result that the
condenser cannot charge again asit should. The close coupling of
the windings tends tohold the secondary voltage at its maximum when
the shortcircuit occurs.

Various experiments were tried to prevent the formation of the
arc, and among these may be mentioned a magnetic blow out, which
aided in quenching the arc; a blastof compressed air between the
spark gap electrodes, which
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Fig. 4. Typical closed core transformer arranged for power and
lightingcircuits. Close coupling of primary and secondary prevents
excessive

drop in secondary voltage when load is applied

literally blew out the arc 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

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 withthe
primary of the transformer, the windings of which are

closely coupled. Th is was the first step in the direction
of

the celebrated Type E wireless transformer which was

patented by Mr. Melville Eastham of the Clapp-Eastham

Company, and which has been copied in various forms by

dozens of manufacturers since its introduction.

The design of the Type E transformer introduces thevery 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
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the spark, the potential instantly drops to so low a valuethat
the arc dies out of its own accord; indeed, it is doubtfulif any
appreciable arc forms at all.

The principles of the magnetic leakage transformer areshown in
Fig. 6, 7 and 8. In Fig. 6, the primary and secondary are seen to
be mounted upon separate legs of therectangular iron core. This
loosens the coupling to such anextent that magnetic leakage is set
up in the space between the windings and around the outside of the
core asshown by the lines in the drawing. This leakage diverts

a portion of the total flux from its path through the
coresinside the windings and, when the abnormal load comeson the
secondary, the potential suffers a tremendous dropas the regulation
is intentionally poor.

In Fig. 7, the primary and secondary are still fartherseparated
by being placed upon the short legs of the coreinstead of the long
ones as shown in the preceding figure.

This is carrying the point still farther. In Fig. 8, we havethe
true Type E instrument in which a tongue of iron pro

jects from one leg of the core, between the windings, andnearly
makes contact with the opposite leg. This intro-

Fig. 5. Transformer with closely coupled primary and secondary
and theimpedance coil in series with primary to prevent arcing at
spark gap
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Fig. 6. Transformer with primary on one leg and secondary on
other leg of

core to introduce greater magnetic leakage. The first step in
thedevelopment of the resonance type of transformer

duces a partial magnetic shunt that serves every purposeof the
external impedance coil and which has some markedadvantages over
the latter device.

With a correctly proportioned magnetic leakage transformer,
brought to resonance by a suitable condenser con

nected in the oscillation circuit, the arcing at the gap
isreduced to a minimum and the discharge partakes of aclear ringing
tone not to be heard in other types ofequipment.

In addition to this marked advantage, the magneticleakage
transformer can be made to attain a degree ofefficiency 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 (theterm that
will henceforth be applied to the low-frequencyalternating current
transformer designed for condensercharging) will depend upon the
condenser with which itis to be used and also upon the type of
spark gap employed.

Since the introduction of the Federal radio telegraphiclaws
which govern the wave length of amateur stations,the tendency has
been in the direction of higher potentials
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tor wireless telegraphic work. The higher potential permits a
smaller condenser to be used. For other high frequency work,
however, there is no particular advantage to

be derived from the high voltage secondary and its use involves
certain electrical and mechanical difficulties that areexpensive
and annoying to surmount.

The most satisfactory potentials, in the author's experience,
have been from 4,000 up to 12,000 in transformersranging in size
from k.w. to 3 k.w. This range of potential, 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 900to 1,000
volts are excellent in the case of small transformersof capacities
ranging from to k.w. For the largersizes, the potentials may run up
from 2,000 to 3,000 volts.The quenched gap, which will be
specifically described later,

is exceedingly short and a much lower potential is, accordingly,
in order.

Transformer Construction. In each chapter of thisbook, wherein a
set of apparatus is described, the completespecifications for the
construction of the transformer aregiven. The object of this
discussion will, therefore, be tocover only briefly the essential
principles of the construction.

Fig. 7. Primary and secondary on short legs of core and widely
separated toincrease magnetic leakage. This construction renders
external

impedance coil unnecessary
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Fig. 8. Type E transformer with tongue of iron to increase
magnetic leakagebetween windings

The transformer core in each case should be of thinsheets of
silicon steel, .014 in. thick, and made expressly foruse in
transformers and other alternating current apparatus. In the
directory of materials, in the back of the book,the prices of this
steel will be found. It is practically ascheap as the so-called
transformer iron and, if results count,it is much cheaper than
stove-pipe iron.

The construction of the core is simple. The siliconsteel can be
bought in sheets or, preferably, in pieces cutto size and ready to
assemble. The rectangular pieces areplaced one upon the other to
make piles of the requiredthickness for the assembled core and then
firmly grippedwith a binding of tape.

The windings are made on simple wooden forms, either

in a lathe or else on a hand winding device. The windingis
invariably that, known as the layer method. The piewinding,
described in so many of the older books on radioconstruction, has
been tried out thoroughly by the authorand by many of his
colleagues; the result is a wholesaledenunciation of it, bag and
baggage, as it were. True, amodification of the pie winding is seen
in many of the de

signs presented in this book but the pertinent fact is thatthe
directions do not call for an annulus of wire, held together by
wax, and with the turns laid on any-which-way.
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The sections may be thick or thin, but however they maybe, they
should be wound in even layers with a layer of insulating paper
between layers of wire. This rule is in

variably followed throughout in the description of
thewindings.

Enameled wire is favored in all secondary transformerwindings.
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 secondaryis
called upon to stand enormous potentials and it is sub

jected to but little heat. The transformer secondary, onthe
other hand, may become quite warm, in operation andit should
therefore be constructed to withstand this risein temperature
without deterioration. In this case, theenameled wire is excellent
for it is impervious to moderatedegrees of heat.

Transformer Design. The questions: How many

turns of wire do I use in the primary ? and What sizeshould the
core be? are familiar ones in the files of theauthor. The
computation is simple and it does not involveany great knowledge of
mathematics for its working-out.

There are just a few basic principles to bear in mindbefore
starting the calculation. The first determinationis, of course, the
capacity of the finished instrument. As

the k.w. size is a popular one, this size has been selectedfor
the example. As the transformer is to be used forcharging
condensers, a large magnetic leakage is desiredand this governs the
shape of the core and the method of

placing the windings. High efficiency is obtained only
atcorrespondingly high cost and great weight of materials.In the
present discussion of transformer design, the vari

ous computations have been reduced to the very simplestform
possible in order that the scheme may be within thereach of any
amateur worker who knows how to use simple
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arithmetic. The subject of copper losses has been
neglectedsolely because it introduces one more calculation that
hasno practical bearing upon the net results obtained.

Let us assume, arbitrarily, that we wish a transformerof an
efficiency approximating 93 per cent. Incidently, thetransformer
designed in this chapter is the one employedin the later chapter on
experimental high frequency apparatus. We wish a secondary
potential of 5,000 volts; aprimary wound for 110-volt supply; and
we wish to operatethe instrument on a 60-cycle circuit. If we wish
an output

of k.w. or 500 watts, and the efficiency is to be 93 percent.,
it is obvious that we must have a greater input than500 watts in
order to compensate for the 7 per cent. loss.

The input is calculated by dividing the output by theper cent,
efficiency; thus:

500

.93or we must have an input of 537.6344 watts in order to
takeout 500 watts.

Core Volume. The volume of the core receives our attention next.
The initial step is to determine the wattsloss in total and by
subtracting 500 from 537.6344, or output from input, we find that
the loss in the transformer is

37.6344 watts. This loss is made up of the PR losses whichare
due to the heating effects in the copper of the windings,and the
hysteresis and eddy current losses in the core;the latter are known
as the core losses. The core lossesconstitute about 47 per cent, of
the total of 37.6344 watts,or 17.688 watts. Approximately 20 per
cent, of the totalcore loss will be the eddy current loss and the
balance of 80

per cent, must, therefore, constitute the hysteresis loss.
Todetermine the latter loss in our core, we take 80 per cent.of the
core loss of 17.688 which gives us 14.1504 for the

= 537.6344+
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watts lost through hysteresis.

Various Frequencies. For practical purposes of theworker who
builds the apparatus described in this book, the

change in design necessary to adapt the various transformersfor
use on the various frequencies in commercial use, may

be simplified so that when the design has been worked outfor the
60 cycle instrument, the windings for 25 or 125 cyclesbecome a
simple matter of proportion. The cores may remainthe 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 manyturns as
the 60 cycle. In order to provide space for the additional turns of
the 25 cycle winding, a wire one or twosizes smaller may have to be
used but this is permissible inview 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 calculation. One
thing to bear in mind is that the core must notbe made too long and
slim as the reluctance is then toogreat and the primary and,
consequently, the secondarywill have an inordinate number of turns
with relativelyhigh copper cost. On the other hand, to make the
coretoo short and thick renders the winding difficult of insula

tion and the coupling too close. Experience only can demonstrate
the happy medium at first trial. The diagram givenin Chapter IX
shows a core of good proportions for this typeof transformer and it
may well be used as a pattern forinstruments of larger or smaller
size.

Let us take the cross-section of the core at 2 inchessquare 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 have9 + 9 + 2 + 2 or 25
inches of core leg. The
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section is 2 times 2 or 4 square inches. The length,
25,multiplied by the section, 4, gives us 100 cubic inches forthe
volume of this core. As it is always well to err on the

right side, this core may be taken as quite satisfactory.
Thecomputations for the windings which follow will show thatits
proportions are just right. To determine the weightof the core we
multiply its volume, 100 cu. in. by .25, aseach cubic inch of
laminated silicon steel weighs approximately lb. This gives us 25
pounds as the weight ofthe iron in the core.

We may next figure the current in the secondary winding at full
load. As the potential is to be 5,000 volts, andthe output 500
watts, we may divide secondary watts bysecondary volts to find
secondary amperes, which in thiscase will, of course, be .1 ampere.
In power transformerwork it is customary to allow at least 1000
circular milsof area in the conductor for each ampere of current to
be

carried. For our purposes, however, the transformer is tobe used
but a short time when it is permitted to cool andin 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 oursecondary
conductor must have an area of 600 times .1 or60 circular mils in
order that it may safely carry the cur

rent. In the back of the book, we find tables giving thearea of
copper wires in circular mils. No. 32 is found tohave an area of
63.21 and this wire is accordingly quitesuitable.

The primary current is next in order. At a unity powerfactor,
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 transformermay be
assumed to be in the vicinity of 85 per cent, weshall have to
compensate for this by using a somewhat
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larger cur ren t 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, 600circular
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.

We now come to the point that has puzzled more amateur
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

mat ter . 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 multipliedby the area
of the core in square inches. The e.m.f. gen

erated in the primary winding is:

Ep =

4.44 N Tp n

108

Nmaximum flux.

Tpprimary turns.nfrequency.

Epimpressed primary voltage, therefore

Tp =

Primary voltage x 108

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 ge t the area, or 4 inches. Multiplying the area by the

density per square inch, we find that 4 times 30,000 will

where
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give us 120,000 for the maximum flux, N. The primaryvoltage is
assumed to be 110 and the equation therefore

becomes:

110 x 100,000,000

4.44 x 120,000 x 60

As the turns in the secondary are found by the following
formula, this calculation becomes simple:

EswhereTp x

= 363 + turns in the primary.

EpEs reresents secondary voltage, and Ep the primary voltage.The
secondary turns, assuming a secondary potential of5,000, are as
follows:

5,000= 16,480 turns in secondary.363 x

110

The space on the core for the primary and secondarywinding is 2
in. long. Reference to the table of cottoncovered wire shows that
No. 14 D.C.C. wire winds about13 turns per inch. As some space is
quite essential betweenwinding and core, let us make the primary
winding 2 in. wide which will leave a space of in. on either side.
In2 in. we can wind 30 turns of the primary wire and, ac

cordingly, we shall require 12 layers in order that the required
360-odd turns may be placed. Wound with a fewthicknesses of oiled
paper between layers of wire, the thickness of the primary winding
from inside to outside of thecoil or solenoid will be rather more
than one inch.

If the transformer is to be operated on 70 volts, asfrom a
rotary converter, the primary will contain 70/110

as many turns of wire. Working this we find that theproper
number is 231 turns. For convenience, the primarymay be made with
the full quota of turns for 110 volts, with
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a tap at the 231st turn for the 70-volt connection. Likewise,
for 220 volts, the number of turns would have to bedoubled and in
this case the wire would need to have but

half the area. This would be No. 17 wire which has anarea of
2,048 circular mils. For a maximum of convenience and adaptability
with a minimum of complication, thewinding may be of 363 turns of
No. 14 wire, tapped at 231turns, and then upon the No. 14 wire may
be placed anadditional winding of 363 turns of No. 17 wire with
itsstarting 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 simpleconnection.

The secondary turns we know to be 16,480. No. 32enameled wire is
suitable for this winding and this wirewinds 112 turns per inch.
Suppose we make each layer ofsecondary wire contain 230 turns; this
will bring the width

just over 2 inches which allows a good space for insulationfrom
the core. Seventy-two layers of wire will give us16,560 turns which
is near enough to the stipulated 16,480.Perhaps for the sake of
having finishing and starting turnscome on opposite sides of the
winding, it may be well towind but 71 layers which will give 16,230
turns. This procedure is allowable and, indeed, preferable, as the
difference

of a hundred-odd turns in the secondary will have no appreciable
effect upon results.

The calculations for the weight of primary and secondary wire
are obvious. If the coils are wound upon roundforms, as they may
well be, the average length of turn iseasily determined and
multiplied by the total number ofturns. 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 110-volt lighting

current is not available, a battery of generous proportions
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may be made to produce a high frequency current throughthe
medium of an induction coil in place of the alternatingcurrent
transformer. The coil for this work should be con

structed expressly for the purpose of charging condensersand its
design is radically different from that of the conventional coil
built to produce a long and stringy spark.

While almost any coil will give some results, thegreater effects
will be shown with a coil having a comparatively short and thick
core and a secondary winding ofrather coarse wire, as secondaries
go. The secondary

should be bunched near the center of the core rather thanspread
out over the entire length. The primary should bewound, preferably,
with two small wires in parallel ratherthan with one large wire.
This method permits of a closerwinding and the inside diameter of
the secondary may, accordingly, 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 isnot
nearly so high in this type of coil as is the case withthe type
built for X-Ray work. The individual sectionsmay be impregnated
with a mixture of equal parts of rosinand beeswax.

Induction Coil Design. The design of the coil for con

denser charging may be summed up in a few words. Wecannot
calculate the different parts so nicely as we did for
thetransformer and our design must of necessity be a productof the
rule-of-thumb school; that is, for the practical purposes outlined
in this book. The core should take a certain 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 oneinch
in diameter, and so on in proportion. The number ofturns in primary
and secondary are dependent upon the
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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 thisdata 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 110-volt direct cur

rent circuits where a transformer cannot be used.

The design here is also a matter of experimental work,and no at
tempt 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.
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CHAPTER IV.

THE OSCILLATION CONDENSER.

The function of the high potential condenser in a setof high
frequency apparatus is to take the high tension cur

rent from the transformer or induction coil, store it upuntil
the condensed energy reaches a certain critical value,and then
discharge the current across a suitable spark gap,thereby setting
up electrical oscillations which constitutewhat is called the high
frequency current. In its simplestpractical form, the condenser
consists of two sheets of tinfoilseparated by a sheet of paper.
Such a condenser 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 asmall
fraction of a microfarad or mfd. as it is abbreviated.By placing
sheets of paper and tinfoil alternately in a pileand connecting the
alternate leads from the foil in multiple,a condenser of
practically any desired capacity may be

made, the capacity increasing in direct proportion to thenumber
of little condensers connected in multiple. On theother hand, if we
take two identical condensers and connect them in series, the pair
will have but half the capacityof either unit.

High Potential Condensers. If a high tension currentwere
impressed upon the simple condenser just described,

the paper insulator or dielectric would not stand the strainand
the current would puncture the paper. Therefore, in

14
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Fig. 1. Single plate of glass coated on both sides with tin
foil

order that the high voltage current may be used to store

a large amount of energy in a condenser, the dielectric mustbe
made of some material possessed of exceptionally goodinsulating
qualities. Glass and mica are perhaps the bestadapted to the
purpose of the amateur builder. An air condenser is good as is also
a condenser the plates of whichare held in a tank of oil; these
latter types are difficult andexpensive 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
isexcellent. By building first an ordinary glass plate condenser
and then immersing it bodily into a tank of oil, all

brush discharges, which represent leakage and waste,
areeliminated.

For most purposes of the amateur or experimenter,however, the
simple glass plate condenser is quite satisfactory. Old
photographic negatives of the 8 by 10 in.size may be had for the
asking in many professional photographers' establishments. This
glass is of the finest qualityavailable in the open market, and it
is certainly to be preferredto the ordinary window glass that is
frequently used for that

purpose.

If the 8 x 10 negative glasses are coated on both sideswith tin
foil cut into 6 x 8 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 unitsof ten plates each,
each unit therefore having a capacity

of .01 mfd. By assembling any desired number of unitsinto a
suitable case or rack, the correct capacity for theapparatus under
construction will easily be provided.

The tinfoil plates may be secured to the glass by meansof
quick-drying gold size, which is a varnish, or the foil maybe
applied after the glass has been given a very thin coatof beeswax
applied when the glass has been heated gentlyover a flame or in an
oven. In either event, it is well toapply the foil in a slightly
larger size and trim afterwards.As the foil comes' in sheets 6 x 8
in. this is easily done.

When the foil has been secured on both sides of eachpiece of
glass, the units may be assembled with strips ofthin copper ribbon
placed alternately projecting to right

and left between the plates of the unit. These lugs, ofcourse,
provide the means of connection. The unit is thenbound with
linotape at top and bottom, the lugs foldedaround lengths of
flexible lamp cord and soldered, and theentire unit immersed for
two hours in a molten compoundof equal parts of beeswax and rosin.
When this mixturecools, it will form a solid, non-hygroscopic seal
for the unit

of the condenser, preventing brush leakage, and
excludingmoisture. This procedure is to be followed in the con-

Fig. 2. Ten plates of glass built up into a unit with alternate
lugs connected inmultiple
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Fig. 3. One section of moulded condenser

struction of every condenser described in this work withthe
exceptions specifically noted.

Mica Condensers. The use of mica as the dielectric forthe
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 render
it admirably adapted to the purpose. Electrical micais costly,
however, and as the size of the sheets increases,the cost goes up
in proportion; but the price is not prohibitive if light-weight is
an important consideration. Themica may be obtained in small sheets
of almost any desiredthickness. The method of assembly is identical
with that

of glass.Moulded Condensers. This type of condenser is not

within the reach of the amateur constructor's shop equipment as
fts manufacture requires the use of very expensivedies and presses
capable of exerting enormous pressure. Themoulded condenser may be
purchased outright, however,in sections having a capacity of .002
mfd. each.

The moulded condenser is mechanically strong indeed,it is
practically unbreakable. The conducting material isof copper in
sheets approximately five inches square and
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these sheets are completely sealed into a solid block ofhard,
waterproof, and practically heatproof composition thatforms also
the dielectric between the plates. Such a con

denser is ideal for the portable outfit for use on the stageor
where great ruggedness is essential. Each sectionweighs
approximately 2 lbs. and an entire condenser of.02 mfd. capacity
would weigh but a fraction over 20 lbs.The outside dimensions of
each unit are 6 x 6 in. whilethe thickness is about 1 in.
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THE SPARK GAP.

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

rent stored up in the condenser to leap across, therebysetting
up the electrical oscillations. The gap, in itssimplest form, is a
pair of zinc cylinders placed end toend and insulated from each
other; a means is providedwhereby the distance between the
electrodes may be adjusted to the necessary point. This adjustment
may beprovided conveniently by threading the rods of zinc and

supporting them in standards in which tapped holes havebeen
prepared. A large knob or disc of fibre on one electrode enables
the operator to make the adjustment whilethe current is
passing.

This simple gap is open to many objections when thohigher powers
are encountered, although it is quite satisfactory for use with the
induction coil sets or small trans

former outfits. On transformers of K. W. or over, thesimple gap
quickly becomes heated to excess and the operation is
unsatisfactory. An improvement is afforded byplacing radiators on
the electrodes to aid in the dissipationof the heat as it is
formed. A further improvement is theuse of larger electrodes of
zinc and a step still further istaken if the electrodes are made of
nickel-steel; owing to

the difficulty of work this substance, however, it is
notconsidered within the reach of the experimenter. It is

3 9
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Fig. 1. Two forms of stationary spark gaps. The type at the
right is fitted withradiating discs to dissipate the heat generated
by the spark

sometimes possible to obtain the nickel-steel rod in suitable
lengths, however, and, in this event, it should mostcertainly be
employed.

If an air blast is directed against the electrodes andinto the
gap, the operation will be improved materially.The current of air
serves not only to cool the electrodesbut to wipe out any arc that
may tend to form.

The Rotary Gap. In this type of gap, one electrodeis stationary
while the other rotates past it a certain number

of times per second. The various modifications of thissimple
rotary gap are bewildering to contemplate and noattempt will be
made to describe all of them. Suffice itto say that the rotating
member may consist of a singledisc of metal from the periphery of
which pieces have

been cut to form teeth; or it may be a disc of metal
withmetallic studs fastened to it to form the rotating elec

trodes; or it may be a disc of insulating material withmetal
studs passing entirely through it near the periphery;in the last
instance, the stationary electrode will be induplicate, with one on
either side of the revolving disc.

The advantages of the many types are mechanicalrather than
electrical. The builder, in selecting a certaintype, will have to
consider the limitations of his shop equip

ment. One is about as good as the other so far as resultsare
concerned, and almost any rotary gap is better thaneven a good one
of the stationary form.
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The number of studs or sparking points required willdepend upon
the diameter of the rotor disc and the speedat which it is to be
driven. The number of studs and the

speed govern the tone or pitch of the note imparted to thespark.
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 crashingspark of the stationary gap.
While this feature is ofgreater importance in the case of radio
telegraph apparatusthan with demonstration coils, still the
pleasing musical

note makes a good, impression upon the audience.The distance
between the rotating and the stationary

electrode should, in general, be as short as possible without
striking. The gap should certainly be adjustable bysmall degrees
and the adjusting mechanism should preferably employ a screw with
an insulated knob in order thatthe spark gap may be varied while
the current is passing.

The Quenched Gap. By making the spark gap electrodes very
massive, facing them off very accurately in alathe, providing large
radiation surface on each electrode,and, finally, by supporting the
electrodes in such mannerthat the separation of their faces is but
a few thousandthsor perhaps hundredths of an inch, we have what is
commonly termed the quenched gap. The large mass of metal

Fig. 2. Simple rotary gap
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Fig. 3. Simple form of quenched gap

and its radiation surface tends to dissipate the heat as fastas
it is produced and the condenser discharge takes theform of a
series of very short, clean, and nearly undampedsurges. The large
surface and the short gap increase thetotal number of discharges
per alternation of the currentfrom one or two per alternation to
several hundred or perhaps a thousand. This does not mean that the
frequencyof the current is affected by the quenched gap
characteristics just mentioned. The frequency of the
oscillationsmay be just as high in the ordinary gap but the
groupsor trains of oscillations, or perhaps we had better say
thegroups of condenser discharges, may occur many moretimes per
second, or per alternation of the current, in thequenched gap. That
is to say, the condenser becomescharged and discharged many more
times per second, whilethe frequency of the oscillations in each
separate dischargemay remain fixed.

The advantages of the quenched gap are manifold whilethe
difficulties identified with its construction and use arealmost as
numerous. The quenched gap requires good

tools and good workmanship. In operation, it is likelyto become
overheated and its operation will then be unsteady. It is heavy as
compared with the ordinary gapand it it costly.
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To counterbalance the disadvantages enumerated, wemay say that
the results obtained with this form of gapare remarkable. The high
frequency discharge from a

Tesla or Oudin coil operated with it is astonishing; instead of
the thin, wiry discharge or spark, we get a flaming,white discharge
that can best be compared with the flamefrom a very high potential,
low frequency transformer.The high frequency discharge is not
silent, however, butit partakes of a loud crashing hiss. For
electro-therapeuticwork, the quenched gap is splendid, providing it
is properly

designed, built, and cared for. The X-Ray current is
particularly energetic and for auto-condensation, where a
highdischarge rate is imperative, the milli-amperage may reach1400
without great discomfort to the patient. So, thereader will see
that even with all of its many troublesomefeatures, the quenched
gap is well worth building, if forpurposes of experiment only.

The Rotary Quenched Gap. For radio telegraphy, ahigh pitched
note is highly desirable as this spark can bedistinguished from the
atmospheric crashes and other extraneous sounds so often heard in
the telephones of aradio receiver. The ordinary rotary gap gives
this noteand works well. The 500-cycle alternating current sentinto
a special transformer and used to discharge across a

quenched gap works even better but the 500-cycle current is a
thing not to be attained by the average experimenter. Along came a
chap a few years ago with a com

bination of quenched and rotary gap that threatened to displace
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

with every possible advantage of the quenched gap andwith many
additional advantages as well.

In the rotary quenched gap, the rotating electrode
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takes the form of a large copper disc having radial slotsmilled
across its surface and thus leaving wedge-shapedmembers of copper
protruding for the sparking surface.

The sta
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