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4 Induction Coils, in Theory and Practice. 

1. Throughout the consideration and the discussion of the theory of 

induction coils it is necessary at times to employ the so-called metric 

system of units, such as the centimeter and the gram. It is therefore ad- 

visable to know about the relation of some of the metric units to the ordi- 

nary English units. The important relation is that of the centimeter and 

the inch, and | 

. 2.54 centimeters=1 inch. 

2. From this relation, all relations of lengths, areas, and volume 

may be obtained. For example, the nwmber of centemeters in one foot 1s 

found from 2.54 X%12=30.48, and the number of centimeters per yard is 

2.54X12X3=91.44. | 

3. The number of square centimeters in one square inch is found from 

2.54%2.54=6.4516. The value 6.45 is near enough for ordinary computa-. 

tions. The number of square centimeters per square foot is found from 

12X126.4516 = 144 6.4516 =929.0304. : 

| 4. The number of cubic centimeters per cubic inch may be found by 

multiplying 2.54 X2.54 X2.54,* giving 16.387064; 16.38 being sufficient for 

ordinary calculations. It is evident that any relation may be found by 

calculation from the fundamental relation 2.54 centimeters=1 inch. 

5, To aid in other calculations the following units in the metric system 

are given: | 
1 millimeter= +5 of a centimeter. 
1 decimeter =10 centimeters= 75 of a meter. 
1 meter =100 centimeters. 
1 kilometer =1000 meters. 

6. The relations between the weights in the metric system and those 

in the English system may be found by calculations from the fundamental 

relation that 
453.6 grams=1 pound. 

* This is the same as 2.542, 
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| LESSON I. 

THE INDUCTION COIL, IN THEORY AND PRACTICE. 

7. The theory of the operation of the induction coil should be care- 

~ fully considered by all who desire to construct their own wireless outfit, 

and by those who intend to become radio operators. In fact it may well 

be said that the induction coil or the transformer is the vital part of all 

wireless outfits. 
g. In addition to the importance of the induction coil in radio work, 

it is of very great importance in many other branches of electrical engineer- 

ing practice involving very high pressures. 

9. The line of demarkation between induction coils and transformers 

ig not at all a sharp one as they are at present constructed. 

The theory underlying the operation of induction coils is the same as 

that applying to transformers. ‘Transformers are often classified as open 

and closed core transformers. The open core transformer is in reality an 

induction coil. The real difference between a transformer and an induction 

coil is in operation rather than in construction. Transformers are operated 

by alternating currents as a rule, while induction coils are more often 

operated by so-called direct currents (as obtained from primary cells and 

storage batteries), which are, however, made intermittent by some circuit 

breaking, or interrupting device. : 
A transformer may be used to step down a pressure as well as to in- 

crease it. 
10. The chief function of an induction coil is to step up or to increase 

electric pressures. 
One should not at the outset entertain erroneous ideas regarding this 

important and interesting function of increasing pressures. It is impossible 
to employ this feature to produce perpetual motion, as too many eagerly 
imagine. The great and universal law of the conservation of energy cannot 
be broken in any engineering application of power or work. 

11. It is impossible to create energy. Now it should be very carefully 
observed that electrical pressure is only one factor of electrical power; the 
other factor being electric current. Electric power is considered to be the 
product of electric current multiplied by electric pressure, and may be 
expressed in symbols by 

W=EXI1 
In other words, power in watts is equal to pressure in volts times current in 
amperes. | 

12. A certain amount. of electric power is sent into a transformer or 
into an induction coil, and a certain less amount of power“is obtainable 
therefrom. The electric power supplied may be at a definite pressure and 
current, while the power delivered from the device may be at a higher 
pressure, it therefore must be at a correspondingly less current. 

This may be expressed in a slightly different manner as follows. 
Suppose the power supplied to an induction coil or a transformer, be de- 
noted by Wp=Eplp, while the power delivered from the same coil is 
denoted by Ws=Eegls. | 
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W> denotes supplied power, in watts. | 
Ey denotes pressure, in volts, of the supplied power. 
Ip denotes the current, in amperes,.of the supplied power. 
Ws denotes the delivered power, in watts. ; 
Es denotes the pressure, in volts, of the delivered power. 
Is denotes the current, in amperes, of the delivered power. 

. 18. If there were no losses of any kind in the induction coil the output 
and the input would of course be equal to each other. Then the following 
expression would be true: Eplp=Hsls. This is a simple equation stating 
that the pressure applied to the so-called primary of an induction coil, 
multiplied by the current in the primary, is equal to the pressure produced 
in the so-called secondary circuit of the coil, multiplied by the current 
in the secondary. 

It is plainly evident from simple mathematics, that if the input » 
Eplp is equal to the output Esl, that if Es is greater than Ep, then I; 
must be less than Ip. : 

14. A numerical example may make the matter more comprehensible. 
Suppose that the primary pressure is Ey=6 volts, and the primary current 
is Ip=5 amperes. Then Wp=Eplp=6X5=30 watts. If there were no 
losses then would Ws=EHgls=30 watts. .Now suppose Hs to be 60 volts, 
then Is would be only } ampere. 60X%=30. The pressure having been. 
stepped up 10 times, the current perforce becomes stepped down to ’y its 
original value. As a matter of fact, if the primary pressure were stepped . 
up 10 times, the secondary current would be considerably less than 75 of 
the primary current, because the efficiency of the induction coil can never 
be 100%. ‘That is it can never deliver from its secondary anywhere near 
as much power as is supplied to its primary. 3 . 

Suppose the efficiency of a coil is 50% for example; meaning the sec- 
ondary power output is one-half the power input to the primary. : 

The symbolic expression of this condition is 

Male | 4. ; 
ipl, 2 =0.5 or 50%. power efficcency = 

Then the following is true: 
: Eplp=2 Esls. , 

If, according to this equation, the secondary pressure should be 
Es=10 Ep, then by substitution, 

Eplp=2 X10 EpIs from which 

In=20 I; or Is=s5 Ip. > 

15. The greater the power efficiency of a coil the less will be secondary 
current for any definite secondary pressure. : | 

16. A general description of the ordinary induction coil may now be 
considered. : 

The primary coil or winding consists of a number of turns of com- 
paratively large, double covered cotton insulated copper magnet wire, . 
wound around a cylindrical bundle of straight soft iron wires which are 
commonly insulated from each other by varnish; or simply because they. 
are covered with iron rust; that is iron oxide. Outside or surrounding the 
primary windings are wound the secondary coils or windings, consisting of 
a large number of turns of fine copper wire, also double cotton covered, or 
perhaps covered with varnish or so-called enamel. 

eae 
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Fig. 1. 

Figure 1 will serve to show the general arrangement of the primary, 

the secondary and the iron core. 
. 

Fig. 2. 

17. Whenever a current of electricity passes through a coil surround- 

ing an iron core, magnetic lines of force are set up in the iron core, whose 

direction is always definitely related to the direction of the current in the 

wire of the coil. ‘This isshown by figure2. If the current is passing around 

the core in a direction opposite the direction of the hands of a watch, that 

is counter clockwise, then the end of the core facing the observer is a N pole 

as at (a), and the magnetic lines of force will come out from this end an 

pass around through the air and enter the opposite or the S end of the iron 

If the current in the winding has a clockwise direction, then the end of 

the iron core facing the observer will be an S end, as shown at (b). If the 

current is counter clockwise as one faces one end of a given coil, the current 

will be clockwise as one faces the opposite end. Sate 
18. It is evident that the iron core, in figure 1, may be magnetized in 

either one direction or the other by sending the current through the pri- 

‘mary, first in one direction and then in the other. This would be the case 

were the primary connected with a source of alternating-current supply. 

Such, however, is not the usual form of supply to an induction coil, 

19. The current supplied to the primary winding is usually a direct 

current and increases to a certain value, then decreases to zero, and again 

increases in the same direction as at first, and this cycle is repeated con- 

tinuously ;* so that the direction of the magnetization in the iron core does 

* See figure 24. 
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not change, but the intensity of the magnetization, or the number of mag- 
netic lines of force changes, and the change is usually very rapid; the more 
rapid the change in the magnetism, the better the results. ; 

20. The function of the primary winding of an induction coil is to 
cause an increase of magnetic lines of force threading through the secondary 
windings. The electric pressure produced between the terminals of the 
secondary windings is an induced pressure, and like all induced pressures, 
its magnitude depends upon the rate of change of the magnetic lines of 
force that thread through the secondary windings. That is the induced 
pressure depends not upon the magnitude of the magnetic flux through the 
iron core, or to the total number of magnetic lines of force threading through 
the secondary turns, but depends upon the rate at which the number of 
magnetic lines changes per second; or in other words depends upon the 
change in the magnetic core flux per second. 

Fig. 8. 

_ 21. The more rapidly, therefore, the number of lines of core flux can 
be increased from zero or from any value to any greater value, or from any 
higher to a lower value, the greater will be the induced secondary pressure. 

LESSON It. 

THE RIGHT-HAND RULE. 
22. In order to have a clear understanding of the phenomena attend- 

ing the practical operation of an induction coil, the fundamental law of 
induction called the right-hand rule should be carefully studied. 

Suppose in figure 3, that A B denotes a movable conductor that can 
be slid along the parallel arms of the U-shaped conductor F C D E, and 
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suppose the arrangement is in a magnetic field having the direction of its 
lines downward as indicated. If the slider AB be moved to the right, 
cutting across the vertical magnetic lines, then an electric pressure is in- 
duced in the moving slider having a direction as indicated; or from A to B. 

23. The application of the right-hand rule is as follows: If the fore- 
finger, the second finger and the thumb of the right hand are all held per- 
pendicularly to each other as indicated in figure 4, with the forefinger 
pointing in the direction of the magnetic lines of force and the thumb 
pointing in the direction of the moving slider, A B, then the second finger 
will pomt in the direction of the induced pressure. The moving slider 
A B is alluded to as an inductor. It should be noted that if the circuit 
ABCD, figure 3, is a complete or a closed circuit that the pressure in- 

Fig. 5. 

duced by the moving inductor A B will cause a current to flow around the 
circuit as indicated. by the small arrows; that is, the induced current will 
be in a counter clockwise direction. It should further be observed that as 
the inductor A B is constantly moved to the right, the number of magnetic 
lines included by or passing down through the circuit A B C D is constantly 
wmereasing. ‘The included area is constantly increasing, and since the field 

. is constant in value per unit area, the total included flux must be increased. 
24. It might now be supposed that the arm D C of the circuit is cut 

through as indicated at t t’ in figure 5.. If the inductor be now moved to 
the right an induced pressure will result, but no current can now pass in 
the circuit ABCD since it is an open circuit. A difference of pressure 
will, however, exist between the terminals t and t’, and t’ will be the 
positive or + terminal, while t will be the negative or — terminal. If 
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while the inductor A B is moving, the terminals t and t’ be connected by 

a wire, then a current will pass around the circuit as indicated in figure 3. 

The amount of current will depend upon the pressure induced, and inversely 

upon the resistance of the complete circuit. . 

25. It may now be noted that should the inductor AB be move 

toward the left, the direction of the induced pressure will be exactly oppo- 

site that indicated in figures 3 and 5; or the induced current will have a 

clockwise direction as indicated in figure 6. The number of lines of force 

included by the circuit A B C D is in this case constantly decreasing. ~ 

THE LEFT-HAND RULE. | 

96. The right-hand rule just explained applies to an electric generator. 

The counterpart of the right-hand rule would naturally be a left-hand rule, _ 

and is depicted by holding the left hand, as indicated in figure 7, with the 
forefinger pointing in the direction of the field. 

iG Ze 

The application of the rule is as follows: If a conductor is placed in @ 

magnetic field and a current is allowed to pass in the conductor, the con- 

ductor tends to move in a direction perpendicular to the lines of force; as 

indicated by the thumb in figure 7 and by the long arrow in figure 8. 

Fie. 8. 

As in figures 3 and 5 the direction of the magnetic lines of force in 

figure 8 is downward. In figure 8, however, a battery of two cells in series 

is shown sending a current in a clockwise direction around the circuit 

ABCD. 
27. The direction of motion of A B produced by the current, as shown 
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in figure 8, is the same as the direction of the motion given to inductor 
AB in figure 3, by some external mechanical force. 

The direction of the current produced by the battery in figure 8 is 
exactly opposite to the direction of the induced current shown by figure 3. 
In figure 3, A B represents the armature of a generator, while in figure 8, 
AB represents the armature of a motor... 

28. A very important aspect of the generator effect is that when the 
number of magnetic lines of force is increasing in a circuit, as shown by 
figure 3, the resulting induced current has a counter-clockwise direction, 
while if the magnetic lines are decreasing in the same circuit the induced 
current is clockwise; as indicated by figure 6. The direction of the field is 
not changed, however, in the two cases cited. A motion of AB to the 
right, in figure 3, introduces an increased number of lines of force into the 
circuit A B C D per second, and the more rapidly A B moves, the greater 
the number of lines introduced into the circuit per second. 
29. A motion of AB to the left, as in figure 6, produces the same 

effect as removing lines of force from the circuit A B C D. 
30. A rapid motion of A B back and forth from one side to the other, 

‘that is from left to right and from right to left, will produce an alternating 
current inthe circuit ABCD. 

31. The foregoing considerations have a very important bearing on 
the _uneory of the induction coil and the alternating-current transformer. 

B 

D Vn 
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CT — Battery 

tt} 

Fig. 9. 

32. In order to appreciate the application of some of the preceding 
features, suppose an iron core as N §, in figure 9, is surrounded as shown, 
by a number of turns of rather large insulated magnet wire, as at P, 
which being connected with a battery of cells, through a variable re- 
sistance as shown at Rz, causes the magnetization of the iron core to be 
of south polarity at the top end and of north polarity at the lower end. 
The magnetic lines therefore have a direction into the top end of the core, 
and out of the lower end. 
_ _383. If a secondary circuit, as shown by A B C D is placed as indicated 
in the figure, the magnetic lines of force produced by the primary current 
pass downward through the secondary circuit. 

¢é 



12 Induction Coils, in Theory and Practice. 

34. If every portion of the secondary circuit remains fixed relative to 
the primary circuit, and the current in the primary is not allowed to vary, 
then there will be no rate of change in the number of magnetic lines thread- 
ing downward through the secondary circuit, and therefore no induced 
pressure and no resulting current in the secondary circuit. 

35. Suppose now the current in the primary is increased by-reducing 
the resistance of the primary circuit; that is by moving contact at Re, 
figure 9, to the left. ‘The increasing primary current causes an increased 
number of magnetic lines in the iron core. This of course means that the 
rate of change of the number of lines threading downward through the 
secondary A BC D has been increased and that a current will be induced 
in the secondary, in a counter-clockwise direction according to figure 3. 

36. It should be observed that the direction of the induced secondary 
pressure and current is opposite to that of the primary current. 

37%. If the primary current be now decreased by moving the contact on 
Rez to the right, to increase the resistance Rz, then the magnetic flux is 
decreased in both primary and secondary, and the direction of the current 
induced in the secondary will be clockwise, as in figure 6. | 

It is evident, therefore, that an increase, and a decrease of the primary 
current of an induction coil, will produce an alternating current in the 
secondary. 

i LESSON III. 

SOME QUANTITATIVE CONSIDERATIONS. — 

_ _ 38. The considerations pertaining to the theory of the operation of an 
induction coil up to this point have been qualitative rather than quantita- 
tive. It will be well to now mention some of the quantitative features 
pertaining to the operation of induction coils. The most valuable informa- 
tion applying to the construction of coils is the result of measurements 
from experiments that have been performed by careful experimenters; that 
is the quantitative gives information as to how much a coil will do when in 
actual operation; either as to its pressure output or its current output, or 
perhaps as to the frequency of the secondary pressure and current. 

The qualitative considerations should enable one to understand how 
to make a coil operate, while knowledge of the quantitative should enable 
one to properly design a coil to meet specific requirements, or to adjust a 
coil already constructed to give a maximum output. 

39. In considering the quantitative relations, only the simpler mathe- 
matical processes will be adopted. One should have some working knowl- 
edge of equations, however, in order to better comprehend the necessary 
transpositions of members and terms. <A definition of an equation may be 
helpful in this connection. - 

40. An equation is an expression of equality between two 
quantities. 

An example will be given very soon, in connection with the develop- 
ment of the quantitative theory. 

41. The right-hand rule applying to a moving inductor is purely 
qualitative. The counterpart of this rule, expressing the quantitative, 
should tell how much electrical pressure, or electromotive force (usually 
written e. m. f. and expressed by €), is produced by a given motion of the 
inductor. The amount of electric pressure induced in a conducting wire 
having a length of J centimeters when moved at a speed of v centimeters 
per second through a magnetic field having 3C lines of force per square | 
centimeter. may be expressed by the equation: 

a. 

‘a 

Lect ay 
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l e= AH’ (in volts). 

EXAMPLE 1: What pressure, in volts, will be produced between 
the ends of a wire 30.48 centimeters long, if moved at a velocity 
of 2682.24 centimeters per second, through a magnetic field 
having a strength of 275 lines per square centimeter? 

Data. 
Making the proper numerical sub- 1 =30.48 ems, 
stitutions in the above stated equa- JC =275 lines. 
tion, gives v =2682.24 cms. per second. 

oe 30.48 X275 X 2682.24 
“ 108 

' 22488556.16 
= 700,000,000 = 0.224 volt. Answer. 

42. The reason 10° (which is 100,000,000 or one hundred million) is 
used, is because of the choice of electrical units. The fundamental unit of 
induced pressure has by agreement been made the pressure induced be- 
tween the ends of a conductor one centimeter long, when the conductor is 
moved at a velocity of one centimeter per second, through a uniform 
magnetic field having a strength of one line of force per square centimeter. 
This fundamental unit pressure is called the abvolé. It requires 100,000,000 

Fig. 10. 

abvolts to equal the practical unit of pressure, called a volt. The abvolt is 
a very small unit; too small for practical applications. 

43. A careful consideration of the example cited will show that the 
moving conductor or inductor is just one foot in length. One inch being 
equal to 2.54 centimeters, and 12 inches being 12 X2.54 =30.48 centimeters. 

44, The velocity of 2682.24 centimeters per second corresponds to a 
velocity of 88 feet per second; or one mile per minute. 

There being 5280 feet in a mile, a velocity of one mile per minute will 
equal ran or 88 feet per second, and 8830.48 =2682.24 centimeters per 
second. : 

45. The result of 0.224 volt can perhaps be better understood by con- 
sulting figure 10. 7 | 

Suppose the length of A B between the arms F C and E D, is one foot; 
or 30.48 centimeters, that there are 275 magnetic lines of force passing 
downward through each square centimeter of the area included by FC DE, 
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and that the slider A B is moved to the right at the rate of 88 feet or 2682.24 
centimeters per second. Then the induced pressure between the ends A. 
and B will be 0.224 volt. If the active length of the inductor A B is one 
foot or 30.48 centimeters, the distance between the parallel arms F C and 
ED is also 30.48 centimeters. At a velocity of 2682.24 centimeters per 
second, the actual area swept over by the moving inductor during one 
second must be 30.48 X 2682.24 or 81754.6752 square centimeters, and there 
must be a uniform magnetic field over this complete area. 

It may be said then that during each second that the inductor moves, 
81754.6752 times 275 or 22488556.16 magnetic lines of force are introduced 
into the area included by the closed circuit A BC D. 

During two seconds of motion of the inductor, 2X22488556.16 or 
44977112.32 lines will be introduced into the circuit. 

46. If the total number of lines that are introduced into the circuit be 
denoted by ®@ (the Greek letter phi) and the total time, in seconds, that 
the inductor moves be denoted by t, then the induced pressure may be 
denoted by: 

o= - abvolts. 

se) 
or S 10% volts. 

47. This is a more convenient equation for use in coil computations 
than is the preceding equation. It should be noted that / times the dis- 
tance moved through by the inductor in the time ¢, multiplied by # will 
give the total flux ® introduced into the circuit in the time . 

The velocity of the moving inductor, expressed by v may be expressed _ 
in terms of the distance and the time as follows: 

d 
v=. 

t 
Substituting this equivalent expression for v in the fundamental 

equation will give: 
bed 

é 108% volts. 

But since! H d=& 
® 

Then €= 10° 7 

48. denotes the number of lines that are introduced into the circuit, 
and t denotes the time in seconds or fraction thereof, during which the 
introduction of lines takes place. 

volts, as before. 

49. An example will be given to show how the last equation may be 
employed in calculating an induced pressure. 

EXAMPLE 2: If 67465668.8 magnetic lines of force are introduced 
into a circuit in 30 seconds what pressure, in volts, will be 
induced in the circuit? | 

Data. 

unl  &=67465668.8. 
t <108 t=30 seconds. 

_ 67465668.8 
= 30 >< 100,000,000 
=0.224 volt. Answer. 

50. Another example involving a shorter time may be instructive. 

OA RR Te I i 
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EXAMPLE 3: If ten million magnetic lines of force are introduced 
into a circuit in ;}, of a second find the pressure, in volts, 
induced in the circuit. 

Data. 

i 10,000,000 * = 10,000,000 lines. 
<0 10,000,000 t=zo5 of a second. 

_ 10,000,000 — 100 10,000,000 

~ 10,000,000 ~~ ~—- 10,000,000 
100 

=100 volts. Answer. 

Fig. 11. 

51. It is evident from these calculations that a strong magnetic field 
must be cut across or through, by a somewhat long wire, when moved at a 

_ considerable velocity, in order to produce a pressure of say 5000 volts. 
52. From a careful study of the last equation for induced pressure, 
®. 

o= ?? it may be seen that the smaller the value of t for any given value 

of ®, the greater will be the induced pressure. If, in example 3, the ten 
_ million lines could have been introduced into the circuit in ;j55 of a second 

instead of in only z> of a second, then the resulting induced pressure 
would have been ten times as great, or 1000 volts. The quicker the change 
in the magnetic flux threading a circuit the greater will be the induced 
pressure. It ts therefore advisable to resort to methods that shall effect very 
rapid changes. | 

53. Figure 11 illustrates a method for increasing the induced pressure 
_ twofold, by arranging an inductor G H so it may be moved to the left at 

the same speed and at the same time that A B is moved to the right. 
Applying the right-hand rule will show that the two induced pressures act 
together to send a counter clockwise current around the circuit. Magnetic 
lines of force are thus introduced into the circuit just twice as rapidly as 
when only one inductor is moved, and without increasing the velocity of 
each individual inductor. 

54. As has been mentioned, the same numerical value of induced pres- 
sure may be effected by removing the same amount of magnetic flux from 
a circuit in the same time, as by introducing the flux, and as a matter of 
fact the removal of flux from a circuit may be effected in very much less 
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time than the introduction of the same flux can be effected. This fact has 
a very Important bearing on the operation of induction coils. 

LESSON IV. 

MAGNETIC CIRCUITS. 

55. As the action of the induction coil depends upon the production 
and the dying away of magnetic lines of force that pass through certain 
definite directions in so-called magnetic circuits, it will be well to briefly 
consider some characteristics of magnetic circuits. 

rire. 12: 

SOLENOIDS. 

56. If a direct current from a battery as E in figure 12, is allowed to 
circulate around a conductor coiled in the form of a helix as indicated by 
A C, a magnetic field is set up having the direction of lines as indicated by 
the curved lines in the figure. The magnetic lines are set up throughout. 
the space within the coil, and in the space surrounding the outside of the 
coil. Such a coil as indicated in the figure is called a solenoid. 

57. When an iron core is inserted within the coil the arrangement is 
then called an electromagnet. 

58., A solenoid having a current circulating in it has all the magnetic 
characteristics of a permanent magnet. Its ends exhibit polarity; a N pole 
being at one end and aS pole at the opposite end. Hach magnetic line of 
force is complete in itself; that’ is if it starts inside the solenoid it may be 
traced around the outside of the solenoid and back into the inside. Each 
line in other words forms a complete circuit with regard to its self. So far 
as the magnetic field itself is concerned, the magnetic circuit is in this 
case an air magnetic circuit. That is the lines of force are set up in air. 

59. If an iron core is inserted within the solenoid, the magnetic cir- 
cuit will consist partly of air and partly of iron, and is called an open 
magnetic circuit. This is to distinguish it from a closed magnetic circuit 
shown by C M in figure 13. In this figure C M denotes a number of flat 
iron rings or washers arranged one above another to form a laminated core 
for the magnetizing coil A B through which a current may be sent from the 
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battery E. In such a magnetic circuit the magnetic lines are set up very 
easily; that is it requires much less magnetizing force or ampere-turns to 
set up a given number of lines of force than if the magnetic circuit were 
wholly of air. Another characteristic of such a closed magnetic circuit is 

Fig. 13 

that there are very few leakage lines of force; that is all of the lines set up 
by the ampere-turns, circle*about within the iron core itself, and very few 
are manifest in the surrounding air. This fact renders this form of core 
the very best for transformers, employing alternating currents for their 
operation. 

60. However, this form is very undesirable for induction coils because 
of the fact that magnetic lines once set up in it do not readily die away 

_after the current ceases to flow in the magnetizing coil. Magnetic lines of 

Fig. 14. 

force doubtless die away in air quicker than in any other medium, but they 
die away very much quicker in an open magnetic circuit consisting of both 
iron and air than in any form of closed magnetic circuit. It seems there- 
fore that the straight iron core forms a happy medium between a high 
magnetic flux density and a rapid rate of change in the flux density. 

: | 
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CONSIDERATION OF THE PRIMARY. 

61. As has been mentioned the function of the primary winding is to 
conduct the primary current around an iron core in order to produce a 
magnetic flux or lines of force. 

62. It is essential to know about the shape of the magnetic field, or 
about the directions of the lines of force constituting the field, since this 
matter has a marked effect upon the action of the secondary. 

\ 

Eres ts: 

The shape of the magnetic field produced by a primary is shown by 
figure 14; which is somewhat conventional. Figure 15 is a half tone repro- 
duction of a photograph of an actual field produced by the coil shown. 
The magnetic lines are depicted by iron filings sprinkled on a cardboard 
sheet. The magnetic needle shown at M indicates the direction of the 
field at the place it is situated; its N end pointing toward the S end of the 
field of the coil. It is instructive to note that in both figures 12 and 14, 
all of the magnetic lines pass through the very center of the coils; that is 
through the center of the iron core, and at no other point is this true. For 
example, not all the lines passing through the center of the iron core N§ 
in figure 14, pass out through the N end, or enter the S end. The iron core, 
however, serves to cause more lines to pass through the coils than would be 
the case if the core were omitted. In other words soft iron is a much better’ 
conductor for magnetic lines of force than is air, or any other of the metals. 

63. The number of magnetic lines passing through the iron core de- 
pends upon the strength of the current in the primary windings and also 
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upon the number of times the current passes around or encircles the iron 
core. The practical unit of electric current is the so-called ampere, and the 
magnetizing power of the primary depends on how many times a-certain 
number of amperes encircle the core. The magnetizing power of the pri- 
mary coil depends upon the number of ampere-turns; that is upon the num- 
ber of turns in the windings of the coil and. the number of amperes of cur- 
rent passing through the windings. 

64. The magnetizing force of a given coil may be 1000 ampere-turns. 
The coil may have 100 turns in its windings and 10 amperes may be passing 
through it. 10X100=1000. Another coil may consist of only 10 turns, 
but 100 amperes may be passing through it; in this case 100 X10 =1000; 
or the magnetizing effect of this coil may be exactly the same as that of the 
other. Still another coil may have 1000 turns and only one ampere. In 
this also 11000 =1000 ampere-turns. 

s “4 
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65. Coils consisting of a large number of turns and carrying a small 
current are wound with smaller wire than coils having the same magne- 
tizing force but wound with few turns and carrying a large current. The 
winding space required might be somewhat greater for the smaller wire 
because the insulation will require relatively greater space. This may be 
shown by figure 16, in which a represents the cross sections of four round 
wires covered with an insulation of ;45 inch. A square that will just include 
these four insulated wires placed side by side will be 1,45 inches on each side. 
At b is shown the cross-section of a single wire 1 inch in diameter, which 
has exactly the same area as the combined areas of the four small circles 
shown at a. The thickness of insulation on the large wire being the same 
as on the small wire, 5 inch, the square that will just include the larger 
insulated wire will be only 1,2; inch on each side as shown. It is evident 
from a careful study of figure 16, that as the cross-section of the wires 
become smaller and smaller, but having the same thickness of insulation, 
that the insulation becomes of greater and greater significance. If the 
wire is extremely small, the insulation may occupy a greater space than the 
wire itself. This consideration relates as well to the secondary windings 
as to the primary. The thickness of insulation is necessary because of the 
electrical pressure that exists between contiguous turns or layers of wind- 
ing, either primary or secondary. A table showing the relation of the diam- 
eter of bare and covered wires is given on the next page. 

aa rag nnn mos 
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70. The important conditions to be met, i i n order to obtai - 
rk a secondary pressure, are to so arrange the secondary ‘in dint 48 
to include through them the greatest number of magnetic lines possible; 

) 

RY 

Fig. 18. 

to have the change in the number of the i j e included lines take place as rapidl 
as possible, and to have a great many turns in the sioondae) Soin nae. 

_ Another way of considering the matter is th | 
primary and secondary are the same. wigs Muah hi se ae. 

é ‘ 

———— 

~~ 
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Fig. 20. 

COILS OPERATED BY MECHANICAL INTERRUPTERS. 

71. A diagram representing the arrangement of a coil operated by 

means of a spring make and break, is shown in figure 20. Here the iron 

core, made up of iron wires, is shown wound about by the primary turns of 

coarse wire, outside of which is wound a large number of turns of fine wire. 

The operating battery, consisting of four cells, is at E; a steel spring V, 

rigidly fastened at b, having a small piece of soft iron riveted to its free 

end at H, is allowed to rest against the end of an adjustable screw shown 

at S. The action of the system is as follows: when the spring V is in con- 

tact with the screw S, a current from the battery passes through the pri- 

mary windings setting up a magnetic field in the iron core; that 1s makes a 

magnet of the core. When the core becomes magnetized the soft iron end 

of spring V is attracted towards the end of the core. When this occurs 

the contact is broken between the spring and the screw, which of course 

opens the battery circuit, and thus stops the flow of the current in the 

primary. At the cessation of the primary current the iron core loses a 

large proportion of its magnetism and the attraction between the soft 

iron end of the spring and the core becomes so reduced that the tension of 

the spring causes it to resume its original position, in contact with the 

adjusting screw. When contact is made the cycle is repeated. The cycles 

of operation are repeated quite rapidly in ordinary practice, depending 

largely upon the nature and size of the spring. The more rapidly the 
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spring can be made to vibrate the greater will be the rate of change of the 
core flux and therefore the greater the induced secondary pressure, within 
certain limits that will be discussed more fully later on. - The period of vi- 
bration of the spring can be varied considerably by adjusting the screws 8. 

_ @. If the resistance of the primary circuit, including the internal 
resistance of the battery is low, a considerable current will flow in the pri- 
mary circuit due to the pressure of the battery, and a considerable spark or 
series of sparks will occur at the break between the spring and the contact 
screw 8. By connecting a condenser as shown at C, in parallel with the 
spark gap. the volume of the sparks and therefore their heating effect is 
very greatly reduced. Without the condenser in circuit, the heat of the 
sparks may be sufficient to fuse the contacts together. The contact points 
are usually made of platinum, and sometimes of an alloy of platinum and 
iridium, which will resist the melting or fusing action even at high tem- 
peratures. 

73. The question of condensers is taken up more at length later on so 
it may suffice to state at this time that the connection of a properly de- 
signed condenser across the spark gap will practically double the output 
of a coil, and in addition will greatly affect the nature of the output, 
making the secondary discharge essentially undirectional. 
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LESSON VI. 

A FEW CONSTRUCTIONAL FEATURES. 

74. In addition to the features already considered there are others of 
considerable importance if efficiency of operation is to be considered. One 
of course is to have the size of the secondary wire proper for the secondary 
current. Another is to have the secondary coils of varying diameter in 
order that each may include the same amount of magnetic flux as explained 
in connection with figure 18. Figure 21 shows a cross-section through an’ 
induction coil showing the different coil diameters. 
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In any coil there is always a certain difference in pressure between 
‘each of the adjacent turns in a given layer, so that the pressure is consid- 
erable between a given turn and say the hundredth turn from it. That 
means that the pressure is considerable between the turns of one layer 
and the adjacent turns of the next layer. . 

7. It is therefore not advisable to wind the secondary in layers, 
since with this form of winding nearly the whole secondary pressure would | 
exist between the end turns of the layers. To avoid the possibility of 
breaking down the insulation of the end turns, the secondary is wound in 
sections as shown in figure 21. This method of winding is very desirable 
in that it makes repairs very much easier, as the defective coil section may 
be removed and another easily slipped on over the primary to replace it in 
a short time. One section may be removed and the remaining ones em- 
ployed to give a proportionately less secondary pressure. 

76. One very important feature in the construction of induction coils 
cannot be too greatly emphasized, and that is the insulation between the 
primary and the secondary windings. 

7. The secondary should be well insulated from the primary by a 
comparatively thick tube of insulating material which should extend well 
beyond the end sections of the secondary. The amateur does not at times 
bear in mind that the full secondary pressure exists between the inner 
portion of the secondary as well as between the outer portion. 

78. If the space between the primary coil and the secondary winding 
is small and there is not sufficient insulating material therein, the second- 
ary may discharge from both ends of the secondary onto the ends of the 
primary and thus complete a discharge path of very low resistence through 
the primary winding. When this phenomenon occurs the coil is said to 
have broken down. While for economy of secondary wire and increased 
inductive effects it is necessary to have as small space as possible between 
primary and secondary, to avoid breakdown, considerable clearance and 
the best kind of insulation is imperative. Of course the better the grade 
of separating insulation employed, the nearer the two coils may approach 
each other. 

7 79. Linseed oil that has been thoroughly boiled in order to drive out 
all moisture may be used as an insulating medium for coils. This implies 
a tight box, having all joints carefully glued. A faucet may be inserted 

_ close to the bottom of the box by means of which the oil may be withdrawn, 
if the coil is a large one. | 

80. So-called transformer oil may also be employed as a liquid insulator. 
The advantages of a liquid insulator is that of mending itself should a 
breakdown occur, and the readiness with which it conducts the heat away 
from the copper windings and the core. 

LESSON VII. 

MATHEMATICAL THEORY OF OPERATION OF INDUCTION 
COILS. 

81. The following discussion, while involving some considerable mathe- 
matical theory, really forms the basis for the operation of induction coils 
under any system employing a direct-current source of supply, and the 
results of the mathematical process may be usefully applied by anyone either 
in the design or in the operation of all classes of coils, even though the 
various mathematical processes may not be fully comprehended because 



26°. Induction Coils, in Theory and Practice. 

of necessary brevity in the matter of deriving equations. The derivation 

of the fundamental equations is better reserved for special study, while 

familiarity with the practical application of these fundamenta! equations 

is acquired. 

-—-—-—E = 110 volts -——-—-—— miata E = 110 volts an ae 7 

f = 60 cyctes f = 60 cycles 

Fig. 22. Fig. 23. 

82. To illustrate a very important phenomenon resulting from coil- 

ing a length of insulated wire around an iron core, a very simple exper!- 

ment might be performed by anyone. Suppose a straight piece of No. 18 

insulated copper wire A B about five feet long is connected with an ordi- 

nary 110-volt 25-watt incandescent lamp L, as indicated in figure 22, and 

the arrangement connected with a 110-volt alternating-current circult 

with a frequency of 60 cycles per second; that is with an ordinary house 

circuit. The lamp lights up and the filament gives off the customary 

amount of light, when the connection is made. Now suppose the five-foot 

length of insulated copper magnet wire is wound closely around a soft iron 

-rod about a half inch in diameter, and then connected with the same lamp 

on the same circuit as when the wire was straight, as shown by figure 23. 

The lamp will now burn dimly, showing a considerable decrease In 

current through it. The length and the cross-section of the wire AB has 

not been changed, and therefore its resistance to the flow of current has 

not been altered. If the ohmic resistance of the circuit has not been 

changed, then the pressure must have been modified in some way. As a 

matter of fact a counter electromotive force has been introduced into the 

circuit by the action of the coiled wire over the iron core, due to the chang- 

ing flux produced by rapidly changing alternating current. _ With a direct 

current there would be no diminution in the current if the wire were coiled. 

As is well known, if the arrangement be connected across a direct- — 
1 

current source, the current will follow Ohm’s law; expressed by I= 5; 

where I denotes the current in the circuit in amperes, E the applied pres- 

sure, in volts, and R the combined resistance of the lamp and wire of the 

il. ee 

es 83. To still further illustrate the matter, data will be submitted from 

an actual experiment. A coil 8} inches long and having a 2-inch diameter 

central hole, made of about 1500 turns of No. 16 Brown and Sharp gauge, 

double cotton covered, copper magnetic wire and having a resistance of 

3.4 ohms, had a direct-current pressure of 80 volts applied to its terminals 

with a resulting direct current of 23.5 amperes. 

Mathematical Theory of Operation of Induction Coils. a7 

84, When an alternating pressure of 80 volts at 63 cycles per second 
was applied to the terminals of the same coil a current of only 0.38 amperes 
resulted. The resistance R of the coil did not change. The currents in 
the two cases may be expressed as follows: 

tae =28. (direet-current). 

Tac. > eect (alternating-current). 

€ denotes the counter electromotive force produced by the alternating 
magnetic flux produced by the alternating current. It may be noted 
particularly that there was no iron core in the coil during this experiment. 
Also with a direct-current supply the current will be exactly the same 
whether the wire is straight or coiled, if the applied direct-current pressure 
is the same. 

85. It is interesting to calculate the numerical value of the counter 
electromotive € that existed in the coil during the experiment outlined. 
The alternating-current equation may be solved for € as follows: 

R Ia.c.=EHa.c.—€ from which '€=Ea.c.—R Iacc.. : 

86. The numerical value of the counter electromotive force in the coi 
during the experiment outlined was 

E= 180 —3.4X (0.38)? =J80—1.29 =78.99 volts. 
8%. This counter electromotive force is called the counter electro- 

motive force of self-induction, and its magnitude always depends upon the 
rate of change of the magnetic field that passes through the primary coil. 

88. As the rate of change in the magnetic field depends upon the rate 
of change in the current that produces it, and as the induced pressure 
depends upon the rate of change in the magnetic field, the induced pressure 
really may be considered to depend upon the rate of change in the current. 
Since the unit of pressure is not the same as the unit of current, it is obvious 
that it would be inconsistent to say the induced pressure is equal to the rate 
of change in the current; but the statement that the induced pressure is 
proportional to the rate of change in the current is correct. One might say 
that the induced pressure in volts is a certain number of times the rate of 
change in current, in amperes per second. In symbols the relation may be 

expressed_as follows: €=L5; that is, the induced counter pressure € of 

the primary (in volts), is equal to a constant L times the change in the 
primary current, in amperes per second. The constant quantity, or the 
so-called coefficient L is called the coefficient of self-induction, and the unit 
of inductance is called the “henry.” The unit of inductance one henry 
means that when a coil or a circuit has an inductance of one henry, if the 
current in that coil or circuit changes in value at the rate of one ampere 
per second then the induced pressure will be one volt. If the inductance 
of a coil happened to be 3 a henry, and the current change were one ampere 
per second, the induced pressure would be 3 volt. . 7 

89. Under ordinary. conditions the current can be made to change 
much more rapidly than one ampere per second. The rate of change may 
be as great as 100,000 amperes per second. The current is constantly 
changing in value in the coil when an alternating pressure is applied to the 

coil terminals.. With a steady direct pressure applied, the current and 
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resulting magnetic field are constant; therefore there can be no rate of 
change in current and field, and no induced pressure. An example may 
serve to show the application of the pressure equation and also the bearing 

of the coefficient of self-induction. 

EXAMPLE 4: Suppose the current changes at the rate of 1000 

amperes per second in a coil having a coefficient of self-induc- 

tion of 2 henrys, find the induced pressure of self-induction. 

Data. 

é=L; 
= ee henrys. 

ed a 
=2><1000 ; 1000 amperes per secon 

= 2000 volts. Answer. 

It is a very simple matter to determine the value of the coefficient of 
inductance L of any coil by experiment. 

Another example will serve to emphasize the question of the “rate of 

change.’ 

EXAMPLE 5: If the current changes from 10 amperes to 0 in the 

<pyy part of a second, in a coil having a coefficient of inductance 

of 4; of a henry, find the induced counter electromotive force 

of seif-induction. 

Data. 

= L=5 henry. 

Sati t =z755 second. 
ih sf 10 I =10 amperes. 

te aan 
—1,X10000. 
=1000 volts. Answer. 

PROBLEM 5: If the current changes from 0 to 0.99 ampere in 75 of a 

second in a circuit having a coefficient of inductance L=0.2 henry, find 
the induced counter e. m.f. of self-induction. 

Answer. 1.98 volts. 

Problem 5a: If the current changes from 0 to 0.44 amperes in 35 of a> 
second in a circuit having a coefficient of inductance L=1.7 henry, 
find the induced counter e. m. f. of self-mduction. 

LESSON Vii. 

90. The induced electromotive force due to self-inductance, in the 
primary coil of an induction coil, being directly opposed to the pressure 
that is applied to the primary is often called the counter electromotive force 
of self-induction, and always has the same direction as that of the secondary 
induced pressure. Another way of considering the matter would be to 
think of the counter electromotive force of inductance per turn of the 
primary coil. Dividing the value of the primary counter electromotive 
force by the number of primary turns, will give the induced pressure per 
turn. Each single turn of the secondary windings, encircling the primary | 
as it does will be influenced by the same flux change as does each turn of 
the primary. 
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91. Therefore the pressure induced per turn of the secondary must be 
equal to the per turn induced pressure of the primary. Under this relation- 
ship, if there happened to be twice as many secondary turns as primary 
turns, the induced secondary terminal pressure would be twice as great as 
the counter induced electromotive force in the primary. 

92. A coil having 1000 times as many secondary turns as primary 
turns, and a primary counter electromotive force of self-induction of 1000 
a would produce a secondary terminal pressure of 1000 < 1000 = 1,000,000 
volts. 

93. As the induced pressures in both the primary and the secondary of 
induction coils depend upon the increase or the decrease of the primary 
current it is essential to have some means of computing the rate of increase 
or of decrease in the current, which may be applicable to any coil when the 
resistance R of the coil in ohms, and its coefficient of self-inductance L in 
henrys, are known. 

94. When a direct-current pressure is applied to a coil, the current in 
the coil does not at once arrive at a value determined by Ohm’s law; that 

is by I == where E denotes the applied pressure in volts, R the resistance 

of the coil in ohms, and I the current in amperes; but only gradually ap- 
proaches this value. This slowing up of the increase in the current is due 
to the counter electromotive force of self-inductance of the coil. The 
pressure that is applied to the primary terminals has to overcome the 
resistance of the primary wire and also is opposed by the counter electro- 
motive force of self-induction. This may be indicated by 

B=RI+L-. 
The ohmic drop R I of the primary is usually very small since the 

resistance of the primary is very small. The resistance may be as small as 
ziy ohm. With this value even with a primary current of 25 amperes 
the ohmic pressure drop will be only jy X25 =0.25 volt. 

95. If the applied pressure happened to be 110 volts then L ; =110— 

0.25=109.75 volts. If the numerical value of L, the coefficeint of induct- 

ance of the primary, is known, then the rate of change of the current, 3 

may be found. For example, if L=0.2 henry in the case mentioned, then 
I _ 109.75 _ 1097.5 _ pug vn 
— —— eee 

t 2 2 
96. Since the current cannot instantly assume the value indicated by 

Ohm’s Jaw when a direct-current pressure is applied, the current must 
increase according to some definite law. The law of increase may be ex- 
pressed by the equation: | 

: EE i 
oes) Se aoa pe pak ee 7 

Te... ee =) 
€ L 

which at first glance may appear to be somewhat complicated. However, 
after a little examination of the various terms and factors of the equation 
it becomes quite simple in both mathematical theory and practical appli- 
cation. 

I 
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The first term of the equation, constituting the left-hand member [| 
stands for the current in amperes in the primary circuit, at any time in 
seconds or fraction of a second, denoted by ¢, after the battery pressure 
(or any direct-current pressure) denoted by E has been applied to the pri- 
mary coil terminals. 

97. The resistance of the primary coil is denoted by R, and the in- 
ductance of this coil, in henrys, by L.. The symbol € which is the Greek 
letter epsilon, Suey Be ie value of a series of numbers as follows: 

“y 1 
Sey +5 ‘ne tao Taxaycaxe: ete 

=1414+5+e+o tin 
=2+0.5+0.16663-+ .04166%+0.008333. 

If the fractional terms are carried out sufficiently, the numerical value 

an ete. 

of € becomes \ 
=2.71828. 

98. Consulting the equation again it is evident that the second term — 

of the equation, ps the Ohm’s-law value of the current in the primary, 

and that from this indicated value a number denoted by the third or last 

term is subtracted. The last term can never be greater than R and it 

may be zero. If the value of the last term becomes zero, then Ohm’s law 
is applicable, and the current really reaches its final value. It is interesting 
to note the mathematical condition that causes the last term to become, 
zero in value. 

E Ri 
In the last term PR is multiplied by the fraction e€ (r) . If the value 

of ¢ becomes zero then the value of this fraction becomes + which is ; 

or simply 1. The value of the original equation now becomes 

[-E_E 
Re 

which of course is zero, This means that at the very instant, the pressure 
is applied to the ey: there is no current in the primary circuit. The 

fraction denoted yee - is the exponent of € and the numerical value of 

this exponent really depends upon the value assigned to t, since the resist- 
ance R, of the primary is constant, or fixed after the coil is wound, and L 
is considered to be constant. This last condition is not probably strictly 
true when the magnetic flux in the core is varying. Were there no iron 
in the core, L would doubtless be constant in value, regardless of the 
amount of magnetic flux. However, the value of L may be ascertained by 
experiment for a variety of primary currents and these values used in the 
equation. It will be assumed that L is a constant and an example will be 
solved to show the increase in value in the primary current, after a definite 
pressure has been applied to the primary a aan 

4, 
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EXAMPLE 6: Compute values of the current in the primary of 
an induction coil, at various times, in fractions of a second, 
after a direct-current pressure has been applied. to the primary 
terminals. The resistance of the primary is 10 ohms, its coeffi- 
cient of inductance is 1.7 henry, and the applied pressure is 
20 volts. 

} Data. 

First assume that the value of the current is de- E =20 volts. 
sired at 3'y second after the pressure is applied to the R=10 ohms. 
primary. L=1.7 henry. 

t=,5 second. 
Making the proper substitutions in the fundamental equation the 

f ollowing results: 

20 _ 20 
; ie’ 

HY 0) priaggee se 
ey 

=0.888 ampere. 

4= 

99. Suppose the current is desired at a time equal to = after the pri- 

mary pressure is applied. . 
Then the following results: 

_ 20° 20 

~10 10 
“ 

=2—2X 577898 =1.264 amperes. 

100. If it is desired to find the value of the primary current at the 
instant the pressure is applied to the primary, make t=O; then 

IO. SO od 
Us Fay 0m —1-m =0. 

101. The symbol « denotes a number that is too large to be measured; 
that is it denotes a number that is too large to be expressed by any arrange- 
ment of so-called digits. 

This matter will be considered more in detail under the head of 
** Spark Coils” in a subsequent lesson. 

GRAPHICAL REPRESENTATION OF PRIMARY CURRENT AND 

SECONDARY INDUCED PRESSURE. 

102. According to theory the secondary induced pressure at the 
‘‘make” of the primary is less than that at “‘break.”’ 

Experimental determinations also prove the same relation. This is 
shown by figure 24 in which the relation of primary current and secondary 
induced pressure is shown in both magnitude and time. The primary cur- 
rent at no time falls below the zero value, indicated by the horizontal 
datum OX. The induced secondary pressure is seen to have both positive 
and negative values which makes it alternating in character. The pri- 
mary current is seen to decrease very rapidly, which causes a correspondingly 
large value of the induced secondary pressure. 
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103. If the resistance between the secondary terminals should be 
sufficiently large, the secondary pressure denoted by the portion below the 
datum line O X might not be sufficient to send a secondary current through 
it, causing the secondary current to be unidirectional. 

Fig. 24. 

ACTION OF A CONDENSER. 

104. When a condenser is connected in parallel with the spark gap 
of the primary the relations are no longer those depicted in figure 24. 
The general conditions may remain somewhat similar, but the condenser 
introduces a marked oscillation effect in both primary and secondary. 
That is instead of gradually increasing to certain values the increase is 
by a system of oscillations. nea 

105. With a given condenser connected as outlined and as shown in 
figure 20, the secondary pressure is very greatly increased in value, and 
of equal importance the operation of the vibrator is rendered more 
dependable. ' 

106. With any given condenser connected as indicated in figure 20, 
its effectiveness depends upon the frequency of the make and break of 
the primary circuit; that is upon the frequency of the vibrator. If the 
frequency is too high or too low the effect will not be so great as when a 
particular frequency is maintained. 

This may always be ascertained by experiment; by varying the regu- 
lating thumb screw on the vibrator until a maximum result is obtained. 
For any given frequency of vibration f, and coefficient of inductance Lp 
of the primary, the capacity of the condenser to give the best results may 
be expressed by: | | 

1 . 
. C — def?’ in farads. 

iy 
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LESSON IX. 

POWER REQUIRED TO OPERATE A COIL. 

107. As has been stated, a portion only of the power in the primary 
of the induction coil is available in the secondary. It may be also stated 
that the power or energy supplied to the primary is distributed in various 
portions; each of which fulfill a definite service. Part of the supplied power 
is effective in overcoming the electrical resistance of the primary wire and 
supplies the heat loss in the windings; another portion is useful in building 
up the magnetic field in the iron core. 

108. It is important to know about the relation of these two portions 
of supplied power with each other and: with the secondary output, and 
some consideration will now be devoted to this phase of the subject. 

109. It will be supposed that a battery of cells is connected with the 
primary circuit of a coil, sending an increasing current through the primary 
circuit as has already been explained. 

Suppose the resistance of the primary to be expressed by R, and the 
applied pressure at the coil terminals to be denoted by E. Then during 
any short interval of time di, the energy supplied to the primary may be 
expressed by Ezdt. During the same interval of time the heat loss, in 
watts, in the primary winding due to its resistance may be expressed by 
Rv#dt and the energy stored up by the magnetic field of the iron core 
during the same interval may be expressed by Lidi. This last expression 
is the counter electromotive of self-induction multiplied by the current. 

110. The counter electromotive force of induction is expressed by 

L S which multiplied by the current 7 and the time dt gives 

di. an 
| Le tdi=Lidi. ak 

The energy input and its distribution during the time dt may there- 
fore be expressed by 

Hidt=R?dt+Li dd. 

Ei dt expresses the energy supplied; R 2? dt denotes the heat radiated — 
ony the primary, and Lidz denotes the energy stored up in the magnetic 
elie © : 

111. It is this energy stored in the magnetic field of the iron core that 
is effective in producing the induced secondary pressure. This energy is 
stored up during a certain interval of time (dt) and may be used during a 
very different interval. If itis used during a shorter interval than its storage 
interval then the rate at which the energy is used will be greater than the 
rate at which it was stored. That is the power or the rate of working may 
be greater than the power or rate of input; but the total energy output or 
the total work done can never be greater than the total input. This is a most 
important consideration for two reasons: it leads to the fallacy that a rate 
of working being greater than a rate of input indicates more output may 
be realized than is really supplied; wherein lurks the alluring and ever 
subtle fantasmagoria of perpetual motion, and it has a most important and 
useful application in automobile ignition and in wireless telegraphy. The 
application to ignition will be considered later and its application in wire- 
less operation may be stated to be the possibility of charging a condenser 
or storing up a magnetic field in a coil during a certain interval, employing 

3 ° 
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rather small horse-power; say 5 or 10 horse-power and releasing the stored 
energy at rates of say 50 to 1000 horse-power. The time element of charge 
and discharge will always enter into the operation according to the inex- — 
orable law that the total energy output is always less than the total energy 
input. oe i ‘k 

112. The power or heat loss in the primary windings tends to reduce 
the power efficiency of the induction coil. There is a corresponding R? 
Joss in the secondary windings when the coil is in operation. Usually the 
current in the secondary is very small; a small fraction of an ampere, so 
that the square of this current is a very small quantity. However, the 
resistance of the secondary wire is very large indeed so that the power loss 
in the secondary may be as great as that in the primary coils. 

113. Whenever a current is flowing in the secondary windings, a mag- 
netic field is set up in the iron core that is directly opposed to the magnetic 
field produced at the same time by the current in the primary coil. The 
field produced by the secondary is not so powerful as that produced by the 
primary; it is therefore only the difference of the two fields that in reality 
passes through the iron core. The less the magnetic field in the iron core 
the less the coefficient of inductance Lp and the less the opposition offered 
by the counter electromotive force in the primary. This action shows an 
inherent regulating effect, produced by a massless magnetic field. | 

114.’ The current in any primary having a resistance of R ohms, and - 
an interrupter frequency denoted by f will have a current Ip very nearly 
expressed by the equation: 

oe rue eae hy Maile ee e 

VRp+ rf Lp)?’ 
in which Ep denotes the pressure applied to the primary terminals, and L 
the coefficient of inductance of the primary. i 

115. Induction coils are not exceedingly efficient as working devices. 
Probably the best designed coils do not give useful outputs much greater 
than one-half the total input; or in other words they do not have an efh- 
ciency over 50%: | 

116. When a coil is once constructed, the resistance of its primary is 
definitely fixed in value. This depends upon the number of turns in the 
primary and the length of each turn. The coefficient of inductance Lp of 

Ip 

the primary coil depends upon the square of the number of turns and upon _ 
the magnetic core flux through the primary. 

When a current is flowing in the secondary windings the reaction upon 
the primary is such as to reduce the primary core flux and the coefficient of 
inductance Lp thus allowing more primary current to flow. This may be 
seen by carefully studying the effect of reducing the value of Lp in the 
equation just stated. 

The secondary load output therefore automatically regulates the input — 
to the primary. 

LESSON X. 

INTERRUPTERS. 
_ _ 11%. As a variable current is necessary in the primary winding of an 
induction coil, in order to effect the required coredlux change, the question 
of interrupting the primary current is a very important one indeed. 
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In general an interrupter should be so designed that it will close the 
primary circuit for a certain proper interval of time to allow the primary 
current to increase to a sufficient value, and to then open the circuit very 

quickly. The quicker the opening, the better will be the results; that is 
the greater will be the induced secondary. pressure. 

118. At present there are two classes or types of interrupters: mechan- 
ical and electrolytic. 

There are several kinds of mechanical interrupters, such as the com- 
mutator, hammer, and mercury. 

COMMUTATOR INTERRUPTER. 

119. Commutator interrupters are usually operated by a motor and 
are employed when the primary currents are very large; that is too large 
to be interrupted by the other kinds of interrupters. 

120. In the commutator make and break, one or more brushes are 

Fig. 26. Fig. 27. 

allowed to bear against a revolving disc arranged with conducting segments 
| alternating with insulating segments. 

121. The speed of the driving motor determines the rate at which the 
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circuit is opened and closed, while the relative sizes of ihe conducting and 
insulating segments fixes the relative times of closing and opening of the 
circuit. : vd 

MERCURY INTERRUPTERS. 

122. Mercury interrupters are employed in cases where the primary 
supply is at a comparatively high pressure. The arrangement is such that 
a fine stream of mercury is forced, by means of a small turbine pump, 
from a nozzle against revolving teeth or segments; or in another form such 
that a wire plunger is caused to dip into mercury with rapid frequency. 
The plunger is operated by electromagnets or by motion produced by a 
cam operated by a motor. | 

123. In the plunger type, a layer of oil is placed above the surface of 
the mercury, so that the spark at break is quickly extinguished when the 
plunger moves from the surface of the mercury; which assists in the quick 
opening of the circuit. | 

HAMMER INTERRUPTER. 

124. The most common form of mechanical interrupters is the so- . 
called hammer type. ‘This is illustrated by figure 26. S is a spring of 
brass or steel rigidly fastened at one end to a base B and having a piece of 
soft iron H attached to its other end, which is arranged a short distance 
from one end of the iron core of the coil. 

A set screw arrangement is shown at A, F, D. If the spring 8 bends to 
the left the contact points at A separate and thus open the primary cir- 
cuit. The contact points at A are commonly tipped with platinum or 
iridium-platinum, to prevent the heat of the sparks fusing the tips together. 

ATONIC INTERRUPTERS. 

125. A special arrangement of the hammer interrupter is sometimes 
called “atonic.” This type is shown in figure 27, which is self-explanatory. 
This type is susceptible to very wide variation in adjustment by means of 
the thumb screw D and the spring 8S’. This type allows a comparatively 
long “‘make”’ and an extremely short “break,” since the break occurs when 
the hammer H has its most rapid motion. 

WEHNELT INTERRUPTER. 

126. There are a number of different forms of electrolytic interrupters. 
employing different electrodes in different solutions; one of the most common 
being called the “‘“Wehnelt’”; pronounced Vainelt. This form employs a 
solution.of sulphuric acid and water in the proportion of one part of acid 
to ten parts of water, into which is allowed to extend through a small hole | 
in a porcelain tube a short piece of platinum wire about No. 10 or 12* B. 
and 8. guage. This platinum wire forms the anode or positive terminal,t- 
while the cathode or negative terminal consists of a plate or sheet of thin 
lead about 3 inches in width. t 

127. A cross-section of such an interrupter is shown in figure 28. 
128. Such an interrupter is connected in series with the primary 

windings of a coil and the circuit is interrupted by the formation of bubbles 
of oxygen gas over the surface of the platinum electrode. The formation 

* It is connected with the positive side of the direct-current supply. 
+ One millimeter in diameter, protruding 1 to 2 millimeters. 

Interrupiers. : 37 

of such gas bubbles forms an insulating film over the surface of the platinum 
wire thus breaking the circuit. This action is repeated very rapidly indeed 
and produces very abrupt openings of the circuit. 

129. An interrupter of this type when properly adjusted will produce as 
high as 450 to 500 interruptions per second, with a pressure of about 25 
volts applied to the primary circuit. “ty 

130. Such interrupters are arranged to allow the platinum wire to 
protrude from the hole in the porcelain tube as desired. The further it 

Fig. 28. 

protrudes the greater will be the current in the primary circuit, and the 
less will be the frequency of interruptions. 

131. It has been found that increasing the pressure applied to operate 
such an interrupter, the greater will be the frequency of interruptions, and 
as high as 1000 interruptions per second have been obtained. ~ | 

132. The area of the lead plate is very great in comparison with the 
area of the protruding platinum wire, which wire with use wears down to a 
very sharp needle point, due to the action of the current. As the plati- 
num point wears away it must be fed downward by some sort of adjusting 
mechanism such as a screw or lever. 

133. Such an interrupter operates better with considerable inductance 
in series with it, and if the induction coil itself has insufficient inductance, 
an inductive coil is connected in series into the circuit. In addition an 
adjustable noninductive resistance is often connected in series to vary the 
applied pressure. 

Hydrogen gas is formed at the cathode or lead plate, and is given off in 
considerable quantity if the current is considerable. | 

134. Should the interrupter be connected into the circuit so that the 
platinum is the cathode, it will be quickly melted. If thus connected by 
mistake a film of hydrogen gas rapidly forms around the platinum tip, 
greatly increasing the resistance at that portion of the circuit and therefore 
localizing the heat. es 

135. When in operation such an interrupter produces a loud humming 
- noise due to the frequency, a yellowish spark is evident at the platinum 
electrode, and the solution grows quite hot if the interrupter is continued 
in use for some time. Means for cooling are resorted to, such as circulating 
cold water through glass or copper pipes arranged in the solution. 

136. It requires a minimum of about 12 volts to properly cause such 
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an interrupter to function; so it is not so well adapted for battery operation 
as it is for use with higher pressure supply mains such as 110-volt or 220- 
volt circuits. 

137. It is interesting to note that such interrupters may be operated 
from 110-volt 60-cycle alternating-current mains, and when thus employed 
they not only interrupt the circuit at a much greater frequency than 60 
cycles but they act as a one way valve for the electric current causing the 
secondary discharge from the secondary to be unidirectional. 

138. Electrolytic interrupters require no condensers connected with 
them, as they themselves having capacity, act as condensers. 

139. The discharge from a given coil is very different when a Wehnelt 
interrupter is used to operate it in place of an ordinary mechanical make 
and break. With the Wehnelt the secondary discharge is changed from a 
thin blue lightning-like spark to thick yellowish-red flaming discharge more 
like the ordinary flaming arc, which under careful scrutiny is seen to be 
made up of an immense number of individual sparks, 

140. Electrolytic interrupters have not been extensively employed in 
wireless operation, but have found a wide field of application in connection 
with the “X”’-rays. 

For large outputs three or more of these interrupters may be 
connected together in parallel to operate a single coil. | 
Sauget Wehnelt’s article in the EHlektrotechnische Zeitschrift, January 20, 

The Electrician, London, 1899, Vol. 42, pp. 721, 728, 731, 841, 842, 
864 and 870. 

The Electrician, London, 1899, Vol. 48, page 5. 
Comptes Rendus, April 10, 1899. 
The Electrical Review, 1899, Vol. 44, February 17, page 235. 

ALKALINE INTERRUPTERS. 

141. It may be noted that no metals can be used in electrolytic inter- 
rupters employing acid in their solution or electrolyte, that are attacked 
chemically by the acid. Lead and platinum are not acted upon by sul- 
phuric acid under ordinary temperature conditions, but iron could not be 
employed in such a solution. 

142. In order that metals cheaper than platinum may be used in an 
electrolytic interrupter, some other kind of a solution will need to be used. . 

143. Caustic soda or potash may be used to form an electrolyte and 
iron or steel wire may be used in place of platinum. The alkaline solution 
does not attack the steel, so that it is not consumed when not in operation. 

144. Ordinary large size steel knitting needles may be used in place 
of the platinum wire, and the solution may be made of ordinary washing 
soda (sal-soda), making a saturated solution. - fr 

The steel needle is made the positive electrode corresponding to the 
platinum in the acid type. A lead plate is used as the negative electrode. 

145. It is found that a certain definite length of steel needle should | 
protrude from the porcelain tube to produce a maximum effect. Either a 
greater or a lesser amount is less effective. 
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LESSON XI. 

CONDENSERS. 

146. The function of the so-called condenser is of such importance in 

connection with the operation of the induction coil that it may well be 

considered as a part of the coil. 
147. A condenser may be defined as two or more conductors 

separated by one or more insulators. 

Fig. 29. 

Fie. 31. 

148. The conductors are usually in the form of thin sheets such as 
tin-foil and the insulator is usually made of paraffined paper. The paraffined 
paper is made two inches wider and of the same length as the tin-foil sheets. 

Figure 29 shows the usual arrangement of two sheets of tin-foil sepa- 
rated by a sheet of paraffined paper. 

149. To increase the capacity of a condenser, more sheets are em- 
ployed, arranged as indicated by figure 30, and in cross-section by figure 
31. The so-called electrical capacity of a condenser is commonly expressed 
in a unit called the microfarad; which is one millionth of a farad. 

150. It is a fundamental experimental law that the capacity of any 
condenser depends upon the size or area of the sheets of tin-foil, inversely 
upon the thickness of the insulating sheets and directly upon the kind of 
material used as the insulator. The insulator is called the dielectric. 

151. The paraffined paper used in making condensers may be made by 
heating paraffin in shallow pan somewhat larger than the sheets of paper 
to be used, dipping the paper in the hot melted paraffin and draining the 
sheet thus treated by holding it vertically over the pan. The treated sheet 
will gradually cool when it may be laid out flat on a board. 

152. In building up a number of sheets to form a condenser, first lay 
down a sheet of paraffined paper and on this lay a sheet of tin-foil with 
one end projecting about one inch beyond one edge of the paraffined 
paper as indicated in figure29. Over the tin-foil lay another sheet of paraf- 
fined paper and on this another sheet of foil extending an inch beyond the 
sheet of paraffined paper in the opposite direction from the first sheet. 
Proceed in this manner until sufficient sheets have been laid up, and then 
connect together all the projecting ends on one side by driving a tack or a 
screw down through the foil into the wood base, and the projecting edges 
on the opposite side in the same manner. Connecting a wire with project- 
ing foil ends on one side will furnish one terminal of the condenser, and a 
wire.with the opposite projecting ends will provide the other terminal. 

<lmenomes - eres 6 oe = 
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153. Condensers for high pressure such as obtained from secondaries, 
must be made very different from those already described. In general 
the capacities of high-pressure condensers are small. They must be made 
of material that is not easily melted and of thicker substance than foil. 
Sheet copper or sheet brass is often employed as the conductors and thick 
glass for the dielectric. : | : 

154. Condensers for high pressure may be immersed in oil which will 
greatly increase their efficiency by preventing leakage losses from edges 
and corners. ‘ , 

155. Condensers may be made variable by connecting one set of 
plates rigidly to a rotating shaft, allowing the plates to be more or less in- 
cluded by the stationary plates. : 

156. The weak part of high-pressure condensers is the connection 
between the plates and the live wires. These connections should be care- 
fully soldered if for permanent service. : 
ah 157. A brief table of values of specific inductive capacities is given as 
ollows: 

Air 1 Mica 6 to 7 
Castor Oil 4.7 Paraffin 2\2 
Vaseline 2 AT — Rosin 2..5 
Flint Glass 9.9 7 Shellac 32 
Crown Glass 6.96 Beeswax 4.1 
Plate Glass 3.31 to 8.4 Hard Rubber 2. 

158. A general equation that is useful in designing and making con- 
densers is given below. 

An C= .000224 — k, 

in which C denotes the capacity in microfarads, A denotes the active area 
of the dielectric, in square inches, n denotes the number of sheets of di- . 
electric, ¢ denotes the thickness of the dielectric expressed in thousandths 
of an inch, and k denotes the so-called specific inductive capacity; which for _ | 
paraffined paper is 2.2.. The following example will perhaps show how to — 
use the foregoing equation in making a condenser: 

EXAMPLE 7: Find the number of sheets of tin-foil and paraffined 
paper necessary to make a condenser having a capacity of 5 
microfarads, if each sheet of paraffined paper is .0025 inch 
thick, and is lapped by tin-foil over an area of 8x 10 inches. 

Data. 

Substituting the proper numerical values A=8X10=80 sq. inches. 
in the fundamental equation: k=2.2. 

An : t= .0025 =2.5 mils. 
- C=,000224 7k C=5 microfarads. 

gives 

5=.000224 I" x22 
which solved for n will give Cae 

3 n= ne me =317 sheets. 000224 X80X2.2  .039424 
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159. This will mean 317 sheets of paraffined paper and 318 sheets of 
tin-foil. The tin-foil sheets will have an area of 8x 10 inches overlapping 
one another. That is the active area of the paraffined paper used as a 
dielectric will be 8x10 inches. The side margins of this paper should 
be at least one inch wide so that the width of the paraffined paper should 
be 10 inches. It should also have end margins one inch wide, so its length: 
will be 12 inches. 

PROBLEM 7: Find the required number of sheets of paraffined paper and 
tin-fotl to make a condenser having a capacity of 2.5 microfarads if the 
tin-fotl sheets are to lap an area 8x10 inches, if the paraffined paper is 
abo of an inch thick. 

Answer. 159 sheets of paraffined paper and 160 sheets of tin- 
foil. 

Problem 7a: Find the number of sheets of tin-foil and paraffined paper 
necessary to make a condenser having a capacity of 10 microfarads, 
if each sheet of paraffined paper is .0025 inch thick, and is lapped by 
tin-foil over an area of 8 x 10 inches. 

CONDENSERS FOR HIGH PRESSURES. 

160. Condensers for high pressures may be made by coating ordinary 
pint or quart fruit jars both inside and outside to about 2 their height, with 
tin-foil. A brass or copper band or wire should be clamped or.wound around 
the outside coating for a terminal and a brass or copper wire run through 
a well-dried wood or hard rubber cover should make good contact with 
the inner coating. A brass chain is sometimes employed to make contact 
with the inner coating, being attached to the end of the wire terminal. 

161. Such condensers are called Leyden jars. 
162. A pint jar will have a capacity of about ;;455 microfarad which 

; 1 
is equivalent to 1,400,000,000 farad; a somewhat small capacity. Such a 

jar will stand 20,000 to 30,000 volts without breaking down. 
163. ‘he amount of energy that can be stored in such a jar at a pres- 

_ sure of 20,000 volts may be found from the expression: 
J =4C E? 

In which J stands for joules, C for the capacity in farads and E for the 
a as applied to the jar, in volts. , 

en . ; | 
—— ee See 2 

J=5 X 7 400,000,000 *20;000 
aos 1 = x ,400,000,000 20,000 X 20,000 

hs ned 1 : =e XT xX4= 7 =0.14 joule. 

164. A gallon jar would have about double the capacity of the pint 
size. 

165. Small Leyden jars may be made with ordinary test tubes allowing 
me tin-foil coatings to cover only about three-fourths the area of the 
glass. ae 

_ 166. The inner coatings. of Leyden jars may be formed by partially 
filling the jars with filings or turning of any kind of metal, running a brass 

J 
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or copper wire down some distance into the mass to effect a good electrical — 

contact. Jars may be partially filled with alkaline solutions for inner 

coatings. 

SPECIFICATIONS FOR A SIX-INCH COIL. 

167. The following specifications wil enable anyone to build a coil 

that will give a secondary spark discharge six inches in length, when the 

secondary terminals are connected with pointed discharge tips. 

Fig. 32: 

168. The core is made of a bundle of soft iron wires, of No. 16 B. & 8. 

gauge, 15 inches long and 14 inches in diameter. Iron wire used, for cores 

in induction coils should be carefully varnished with shellac varnish after 

being cut to length. This insulates individual wires from one another when 

assembled and greatly reduces losses due to so-called eddy currents. Rusty 
iron wire is desirable since iron rust is a good insulator. 

The core is built up by inserting the wires in two soft wood blocks 

bored out with holes 14 inches in diameter, as indicated in figure 32. The 

holes should not be filled too full, but so as to allow the blocks to be moved 

along the core. The block A should be moved about three inches from the 

end of the core, and cloth braid or tape wound around the core as indicated. 

As the winding proceeds the block A may be moved along. The complete 

core should be covered with the tape, and another layer of tape wound on 

over the first, in the opposite direction. 
169. On the taped core wind for the primary two closely wound layers 

of No. 10 B. & S. gauge, double covered cotton wound copper magnet wire. 

This will require about five pounds of wire. 
170. The secondary should be wound on four spools as shown in figure , 

33. One section of each spool should be wound nearly full of wire, starting 

the inner end as at t, and with the outer end as at t’. The wire for the other 

section should be-carefully soldered to the inner end t, using a small solder- 

ing iron, and the wire wound as a continuation of the winding of the first 

section. The outer terminal of winding in the second section should be 

brought out on the opposite end of the spool from t’. This should provide 
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a continuous winding in the same direction, from one end of the spool to 
the other. | 

171. After the four spools are wound, they should be slipped on over 
a tube made of cardboard to hold them in line, and the primary inserted 
in this tube. 

172. The primary may be centered in the tube by using three rings of 
soft wood made of the proper size. 

= Ba Sata 

173. The secondary winding consists of about 54 pounds of double 
covered cotton No. 38 Brown & Sharp gauge copper magnet wire. 

174. The terminals of the secondary coils should be properly soldered 
together, using a small soldering iron so as not to burn the small wires. 

The completed primary and secondary should be placed in a tight 
wooden box having inside dimensions 153 x 64x64 inches, and a mixture 
of one part paraffin to twenty parts vaseline, heated to nearly boiling 
point and poured into the box to completely cover the windings. The 
box should be very carefully constructed with tightly glued joints to prevent 
the melted compound from leaking out. 
_ The completed coil should stand at least 24 hours before being tested, 
in order that the compound may become cool. 

175. If this coil 1s to be operated by a so-called hammer interrupter 
or spring make and break, the following condenser should be made of tin- 
foil and paraffined paper: 150 tin-foil sheets 6x12 inches, and 150 sheets 
of paraffned paper 8x13 inches. This condenser should be constructed 
according to the general directions given under condensers. 

176. If this coil is operated by a mechanical make and break, a con- 
denser should be constructed of 200 sheets of tin-foil 5 x 10 inches, separated 
by paraffined paper sheets 7x11 inches, to be connected in parallel with 
the primary spark gap. The condenser may be made in separate box or 
arranged in the base of coil. Boxes for condensers should be made of soft 
pine, which retains its shape better than other woods when subjected to 
variations in temperature and moisture. 
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LESSON XII. oO 

SPECIFICATIONS FOR A THREE-INCH COIL. 
177. The core consists of a round bundle of soft iron wires, No. 20 : 

Brown. & Sharp gauge, 13 inches long by 14 inches in diameter. _ 
178. The core is built up and taped according to the directions given 

for a six-inch coil. | 

Fie. 35; 

179. The primary consists of four closely wound layers of No. 12 
double cotton-covered copper magnet wire. This will weigh about 43 

unds. | 
re 180. The secondary consists of about 43 pounds of No. 36 double 
cotton-covered copper magnet wire, wound on eight spools, each as shown 
in figure 35. The spools are al] wound in the same direction and so as- 
sembled that two inner terminals and two outer terminals are soldered 
together. 
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181. The secondary spools are held in place by slipping them on a 
cardboard tube of the proper size.. The spools may be turned out of soft 
pine wood on a lathe. 

182. The assembled coil may be inserted in a tight wooden box, 
133 x 53x55 inches inside dimensions, and surrounded by a boiling hot 
compound of one part paraffin to twenty parts vaseline. . 

183. If a hammer interrupter is to be used on such a coil a diaphragm 
of rubber, such as rubber gaskets are made of, should be placed on one end 
of the containing box, opposite the end of the iron core as indicated in 
figure 36. 

The rubber should be about 34 inch in thickness. A thin brass or 
aluminum disc might be used in place of the rubber, but if this is done, a 
rubber gasket should be placed between the disc and the wooden end in 
ae ite a tight joint. A thin disc of wood might also be employed 
if desired. 

CONDENSER FOR THREE-INCH COIL. 

184. If the above coil is to be operated by a mechanical make and 
break, the following condenser should be constructed: 140 sheets of tin- 
poy inches by 12 inches, separated by paraffined paper sheets, 8 by 13 
inches. 

COIL TO GIVE ONE HALF INCH SPARK. 

185. A small coil suitable for many experimental purposes, giving from 
3 to ? inch spark, may be made as follows: Iron core of No. 12 B. & 8. 
gauge soft iron wires, 73 inches in length made up into a round bundle 1 
inch in diameter. After this is carefully wound with cloth tape, wind on 
two closely wound layers of double cotton-covered, copper magnet wire 
No. 16 B. & S gauge, for the primary. 

; ire. 37, 

186. The secondary consists of No. 30 B. &.\S. gauge double cotton- 
covered copper magnet wire, wound smoothly and closely in layers on 
two spools 3% inches in diameter having a central hole 14 inch in diameter, 
as shown in figure 37. The walls of the spool are made + inch thick which 
allows a winding space of 23x % inch as indicated in the figure. The sec- 
ondary wire should be wound on very carefully in even layers, and each 

_ layer separated by a strip of thin paper 23 inches wide. It will be well not 
to continue the winding of each layer to the ends of the spool but to leave 
a space of about 7; to 4 inch. 

187. The spools should be wound very nearly full of the wire, and of 
course when assembled should be carefully connected with each other 
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electrically so that they will act together and not in opposition, and should 
be carefully centered relative to the primary. 

188. The terminals should be carefully arranged so as not to short 
circuit any portion of the windings and might be inserted in small rubber 
tubing as an extra precaution. | 

189. The complete coil should be placed in a tight wooden box of the 
proper size and surrounded with melted vaseline or petrolatum. After this 
has sufficiently cooled the coil may be tested. 

190. Such a coil may be operated by an ordinary spring interrupter, 
and a condenser made of about 100 sheets of tin-foil 57 inches, separated _ 
by paraffined sheets of ordinary thin typewriter paper will be proper in 
connection with the mechanical interrupter. 

DATA FOR A TEN INCH SPARK INDUCTION COIL. 

191. Primary should consist of 350 turns of No. 12 B. & 8. gauge 
double cotton-covered copper magnet wire, wound on a core of No. 18 to 
22 B. & S. gauge soft iron wires, two inches in diameter. Such a primary 
will have a resistance of about 0.36 ohm, and a coefficient of inductance 
Lp=0.02 henry. _ 

192. The secondary should consist of 18 pounds No. 34 B. & 8. 
_ double cotton-covered copper magnet wire, making about 50,000 turns, 
Heke a resistance of 25,000 ohms, and a coefficient of inductance Ls = 460 
enrys. 

193. A primary current of 10 amperes will be necessary for a secondary 
spark 10 inches in length, and the primary pressure should be about 20 
volts if the coil is operated by a hammer or mechanical make and break. 
The mutual inductance of such a coil may be about 2.75 henry. 

INDUCTION COIL DATA. 

194. Giving Spark One Meter Long. 

Primary Data. ; 

Diam. of primary wire 2.4 mm., =0.24 cm. =0.0944 inch. 

Length of primary 603.5 meters, = 1070.6 fost 

Consists of six layers. 
Resistance of 2.3 ohms. 
Ratio of primary turns to secondary turns=1 to 700. 

Secondary Data. , 

Diam. of secondary wire =0.24 mm. =.024 cm. =.00944 inch. 

| -=450,000 meters | 
Length of secondary wire =450 kilometers ; =45,000,000 cms. 

dite . = 1,476,377 feet. 
Consists of four sections. | 
Total turns on secondary about 340,000. 
Resistanee of 110,200 ohms. 

Core Data. 

Core consists of a bundle of iron wires 110 ems. long and 8.9 cms. in 
diameter, weighing 30 kilograms or about 66 pounds. Weight of entire 
coil is about 700 kilograms, or about 1543 pounds. 
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bs LESSON XIII. 
SPARK COILS. 

195. ‘The so-called “spark coil” is employed for furnishing the neces- 
sary sparks for lighting gas jets and in some types of gas engine ignition. 

The spark coil is simply a coil of insulated wire, usually of copper, 
wound in a large number of layers about an iron core of soft iron wires. 
In reality it is the same as the primary of an induction coil with a large 
number of turns; provided with a large iron core but with no secondary 
windings. | 

_. 196. The large number of turns and large core are necessary to pro- 
vide a large coefficient of self-inductance L. The coil is connected in series 
with a battery by means of platinum tipped contacts. When the circuit is 
closed the current I in the coil increases according to the law expressed by 
the equation: 

LE E 
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in which E denotes the E. M.F. in volts, of the battery employed, R 
denotes the resistance of the complete circuit, including the coil, battery 
and connecting wires; L denotes the coefficient of self-inductance of the 
circuit, which is essentially that of the coil, since the inductance of the coil 
is relatively very great, and €=2.71828. . 

197. As has been already explained, the shape of the current curve 
may be computed by substituting for ¢, a number of different numerical 
values and solving the equation for corresponding values of the current. 

198. The following actual cases have been computed and the results 
plotted in the form of a curve shown in figure 39. 

EXAMPLE 8: Given a spark coil having a resistance of 10 ohms 
and a coefficient of inductance L=1.7 henry; compute values of 
current, at the following times in seconds after a pressure of 

10 volts is applied to the coil. (= z =.17 second. ¢=0.1; .08; .06; 

04; .01; .0075; .005; and .001 seconds. 
Data. 

E=10 volts. = 
R=10 ohms. 
L=1.7 henry. | 

199. Making the proper substitutions of the given numerical values, 
in the fundamental equation, will give the following for the value of current. 

at the time t= —. 
R 

If i=2 then the exponent = will become equal to aX or equal 

to 1. Then the current will be found from: 
a 6 1 
= 10 | 10 2.71828 =i— € = 0.6321 ampere. 

200. When the time is made equal to 0.1 second, the current is found 
as follows: - 

wud 10 } 
i eee 1 —0.5554 =0.4446 ampere. 

10Xe 17 7 
201. The following tabulated values of time and corresponding values 

of current have been computed according to the fundamental equation 
and the curve B in figure 39 plotted according to these values. th. 

Corresponding values of | 
current in amperes. 

Time in fractions 
of one second. 

005 ) 029 
0075 0431 
01 ee 7a 
04 210 
06 | 0.2994 
08 : 0.3754 

= 0.1 0.4446 © 

7 0.17 0.6321 

0.4 : 0.8964 
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EXAMPLE 9: Given a spark coil having a resistance of 10 ohms 

and a coefficient of inductance L equal to 0.2 henry; compute 

values of current, at the following times in seconds after 23 

pressure of 10 volts is applied to the terminals of the coil. 

t=0.4; 0.1; .08; .06; .04; L _ 92: .01; .0075; .005 seconds. 

2 Data. 

E =10 volts. 
R=10 ohms. 
L=,5 henry. 

Making the proper numerical substitutions in the fundamental equa- 

tion gives the following values: 

If t= then 7=0.632 ampere. 

ce es) ey 
In this case R100 =().02 second. 

The following values have been computed and tabulated. 

ee 
—oo0——aamaumum=

s— 

Values of ¢ in fractions | Values of current 

of a second. | ¢ in amperes. 

a ee ee een 

O01 | .048 

.005 221 

.0075 .312 

.O1 .393 

.04 .864 

.06 .950 

.08 981 

a .993 

Y | 

The above tabulated values have been plotted as curve A page 47. 

PROBLEM 9: Compute the value of the current, in amperes, at 4 of a second 

after applying a direct pressure of 10 volts to the terminals of a spark 

coil having a resistance of 5 ohms and a coefficient of inductance L=1 

henry. Answer: 1.26 ampere. 

Problem 9a: Compute the value of the current, in amperes, at tof a 

second after applying a steady direct pressure of 20 volts to the ter- 

minals of a spark coil having a resistance of 5 ohms and a coefficient 

of inductance L=1 henry. 

| 902. From these examples it is seen that the current attains a value 

in a short time that approaches very close to the value expressed by Ohm’s 

law; = z. The current is slower in approaching this final value, in a coil 

having a large value for its coefficient of inductance L. 
i | 
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203. It should also be observed that the greater the value of the 
pressure E that is applied to the terminals of a given coil, the greater will 
be the final value of the current in the coil and likewise the greater will be 
the amount of each of the instantaneous values. This fact is a very im- 
portant one in the operation of such coils when it is desirable to utilize a 
considerable amount of energy in a very short time. | 

LESSON XIV. 

ENERGY FROM A SPARK COIL. 

204. The function of a spark coil such as has been described is really 
to store up electrical energy during a certain interval and to release this 
energy during a different interval. The energy, expressed in joules or in 
watt-seconds, that can be stored up in a spark coil may be expressed by 
W =i L# in which L denotes the coefficient of inductance of the coil, 
expressed in henrys, and 7 denotes the value of the current at the end of 
the interval of time chosen. 

205. The value of 7 after a time t, has been shown to be: at 

i= = a - Xa which is the same as 
L 

E 

from this the value of 7? may be expressed as 
if AR be? 
v=F5 ws = 

e™ 
hence the expression for the energy in joules stored in a coil during the time . — 
the current is increasing from zero to any value denoted by 7, is ‘ 

Ee 1 \2 ig 
Weil (1--a) 

L 
E 

206. Expressed slightly differently, the energy in watt-seconds or 
joules stored in a coil during any time ¢ after the application of a steady 
direct pressure, may be computed by substituting any desired value for ¢ in 
the above equation, together with the known or assumed values for E, R, 
L and €and solving the equation for W. tte 

207. If a coil has an inductance of L=1 henry and the current in itis 
1.26 ampere at the end of a certain time; say + of a second, then the en- 
ergy stored in the magnetic field of the coil during 4 of a second will be 
W =1X1X1.26?=41 1.587 =0.793 joule or watt-second. When the circuit 
of such a coil is opened after the current has been flowing, the stored 
energy is evident by the spark produced at the break. | 

operation, then the design of the coil is of prime importance. 

Energy from a Spark Coil. 51 

within the cylinder. It requires at least 0.02 joule or watt-second to ignite 
a charge under ordinary conditions, therefore a coil employed for such serv- 
ice must be designed so that .02=4L7. If the inductance is 1 henry 

52 

then .02 =5 or #=.04 or i=V.04=0.2'ampere. That is with a coil hav- 

ing a coefficient of inductance=1 henry the value of current must reach 
0.2 ampere when the circuit is broken within the cylinder, in order to ignite 
the mixture. 

210. The important question is the element of time, when operating 
gas or gasolene engines. These usually operate at high speeds, hence a 
eee’ coil must be so designed as to furnish sufficient current at the highest 
speeds. 

If the maximum speed is 1000 revolutions per minute, this is a speed of 
106° = 162 =5° revolutions per second. One revolution takes place in +5 
of one second (.06 second). 

If the time allowed for the spark is 725 or #y of a second this allows z¢5 
(.04) or = of a second during which energy may be stored in the coil. 
That is, according to the assumption that 0.2 of an ampere is required to 
produce the necessary heat, this must be reached 3% of a second after the 
mechanism completes the circuit. The coil must be so designed that this 
condition is realized. 

211. This may be indicated by the following: 

E 1 02=5 ty =) 
eb 50 

From this it may be seen there are three unknowns or variables, E, R, and L. 
If any two of these have numerical values assigned to them then the third 
may be computed from the equation. R and L are in reality the quantities 
pertaining to the design of the coil. R may be reduced or kept at a mini- 
mum by employing the best conductor, such as silver, while L may be in- 

~ creased by increasing the number of turns on the coil or better by increasing 
the size and quality of the iron core. 

212. A very important fact to be noted is that with any given coil 
should sufficient current not be obtained at the highest speeds with the 
battery employed, it may be sufficiently increased by adding a few cells to 
the battery... Where the question is one of weight or one of economic 

In other 
words a coil that would furnish sufficient current at low engine speeds 
might not be able to furnish sufficient current at high engine speeds. 
_ 213. With a make and break system such as described, only one spark 
is obtained at each break; whereas with an induction coil a number of 
sparks jump between the spark plug terminals when the primary is closed 
by the engine mechanism. 

214. So far as expense of operating is concerned, the make and break 
type of sparkjcoil is more desirable than the induction-coil operated jump 
spark. 

LESSON XV. 

a a fh 

{Gn¢ 
208. The longer the current has been maintained, the greater the 

Ma stored energy and the larger and brighter the spark at break. The heat 
; of the spark in other words depends upon the amount of stored energy. 

209. In the operation of gas engines the heat of the spark must be 
sufficient to ignite the compressed mixture of gas and air in the cylinder 
of the engine. The make and break device must therefore be arranged _ 

TESLA COILS. 
215. In considering the general subject of induction coils it is fitting ‘Gey, 

to mention briefly so-called Tesla coils, or Oscillation Transformers. 'This 
class of induction coil has no iron core whatever and when in operation 

2 
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should be carefully removed from all kinds of objects made of iron or steel. 
Another term applied to such coils is “air core transformers.” 

216. The function of such coils or transformers, is to transform 
from a high pressure to a much higher one and at the same time from a 
given frequency to a much greater frequency. : 

217. The secondary discharge from a Tesla coil or oscillation trans- 
former is at a much greater pressure and frequency than is the primary 
pressure. 

Such a coil is constructed with very few turns on its primary and, 
comparatively few turns on its secondary. The oscillations are produced 
by the discharge of a condenser connected in series with the primary coil 
as shown in figure 40. 

DM 

Fig. 40. 

218. The discharge of a condenser through such a circuit.as shown in 
figure 40 is oscillatory. As is shown in the figure the primary P of the 
oscillation transformer consisting of four or five turns is wound outside of 
the secondary, and is connected in series with a Leyden jar condenser J 
and in series with a spark gap G. Each terminal of the spark gap G is 

connected with one of the secondary terminals of a one or two inch 
induction coil. The spark gap should be made adjustable by allowing 
one or both terminals to slide or move toward each other. These terminals 

may be made of ordinary zinc rods 3 inch in diameter; such as are used for 

battery zincs, 
ee ee 
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219, The secondary of the induction coil A charges the Leyden Jar 

condenser through the primary of the air core transformer and when the 

charge reaches a certain value the jar discharges. with a powerful spark 

through the spark gap G. This spark discharge is oscillatory and there 
are many oscillations per second. = 

920. The number of the oscillations may be varied by varying the 

capacity of the condenser. As many as 1,000,000 oscillations per second 

may be obtained by a proper relation of the inductance of the primary of 

the oscillation transformer, and the capacity of the condenser. 

The general equation expressing the relation of frequency, capacity 

and inductance is: 
1 

peraes Fe") and since Pee beh 
1 to / BO 24 2X3.14159 

the equation becomes: 

=0.15915, 

sis 0.15915 . 

Ve): 
in which f denotes the frequency of the current in the primary P of the 

oscillation transformer, L denotes the inductance of the primary P in 
henrys, and C denotes the capacity of the jar condenser J in farads. 

Suppose, for example, the capacity of the condenser 1s 700,000,000 

farad and the inductance of the primary P is a henry; then 

0.15915 

ie i ae: 
100,000,000 °° 10,000. 

& ee = 1,000,000 0.15915 

: \/coan-a00,000,000 
= 159,150 cycles per second. 

221. The relation between the frequency and the wave length of the 
discharge from an oscillation transformer may be shown by the following 
explanation. 

The expression for the frequency just given is obtained from: 

1 
, 2rf L= Inf 

from which is obtained 

et 1 See 
f Ae orf=\/ 47? LC 

1 - 
— ee es | 

| Qe VLC 2 VLVC 
222. The velocity of electrical discharge is assumed to be about 

300,000,000 meters per second, and the relation between velocity of prop- 
agation, frequency and wave length is V=f; in which V denotes velocity 
of wave propagation; equal to 300,000,000 metres per second; f denotes 
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the frequency of vibration of discharge and » denotes the wave length of 
each wave, in meters. The velocity might be expressed in miles per second 
as about 186,000 miles; then the wave length will be in miles. The Greek 
letter lambda } is usually employed to denote wave length. 

223. From the last equation the value of f is f= ~, By substituting 

this value in the equation in solving L and C, the following is obtained: 

from which is obtained: 

h=2r VVLVC 

= 6.28318 X300,000,000 VL VG 
= 1884954000 1/7, VG meters. 

If C is expressed in microfarads and L in microhenrys: 

L ee © | =1,884,954,000 4 /—_—__ PASM oA Ais es 

_ 224. The oscillation transformer has numerous applications in prac- 
tice. It forms a connecting link in wireless operation between the source 
of energy supply and the aerial or the delivery of the energy. The energy 
input is at a certain frequency which is stepped up to a sufficiently high 
frequency to reduce the wave length to a proper value for practical use. 
The discharge from the secondary of this coil is employed to some extent 
in electro therapeutics, as a remedy for rheumatism and other disorders. 
The discharge from such a coil being at a very high frequency does not 
penetrate the tissues of the human body, even though the pressure is very 
great. | a x 

Burned-out electric lamp bulbs may be held in the hand and when 
brought near either of the secondary terminals of one of these coils in 
operation will glow with a greenish or bluish light. 

The secondary terminals when the coil is operating glow all over with 
a bluish brush discharge. | 

225. A Tesla coil or air core transformer for producing a secondary 
discharge of four or five inches, using a two-inch induction coil, may be 
made by carefully winding double wound, cotton covered, copper magnet 
wire No. 32 B. & S. gauge around a well-dried wooden cylinder two inches 
in diameter and two feet long, carefully spacing the windings, winding 
about 36 turns to the inch, and winding to within 4 inch of either end of 
the wooden cylinder. This means a total of about 828 turns. Wind only 
one layer. This constitutes the secondary of the coil. , 

226. For the primary wind 5 turns of ordinary twisted lamp cord 
about a wooden frame about 6 inches in diameter, so as to encircle the 
secondary as indicated in figure 40. The five turns should be spaced about 
2, inch apart, and should encircle the secondary at its center; that is 

midway between the ends of the secondary. Double reenforeced window. 
cord serves very well as a primary, and may be tied in place with ordinary 
twine if the primary frame work is made of wooden strips. 

227. If desired, such a coil may be immersed in oil, which will greatly 
ate its output. Very good results may, however, be obtained when 
used in air: : 
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INDUCTION COILS FOR TELEPHONES. 

F mall induction coil for use in telephone transmission may be 

baie ie che wooden discs to a cardboard tube having a z-inch hole, 

so that the distance between the discs is be 3 inches. These wooden discs 
should be 1 inch in diameter and may be} inch thick. The winding space 

is 3 inches long between the “ah It is ct puaaaeip that these discs be 
i square blocks will answer as well. 
ag tor a primary wind on the spool thus formed, two evenly wound 

layers of No. 22 B. & 8. gauge copper magnet wire, double cotton-covered. 

Over this wind evenly No. 36 double cotton-covered magnet wire to : 

depth of about 4 inch. This constitutes the secondary. The primary o 

such a coil is connected in series with the transmitter and the battery, 

while the secondary is connected in series with the receivers. 
The whole matter of telephone coils and their use is explained more at 

length in “‘ How to Make Telephones.” 

LESSON XVI. 
CHOKE COILS. 

. The writer is constantly receiving so many enquiries regarding 

the anion and operation of so-called ‘choke cotls,”’ it 1s thought ad- 

visable to add to the consideration of induction coils a limited discussion 

* onthe eet coil can only be used on alternating-current circuits; its 

function being to reduce the line pressure to a much lower value, in order to 

operate various classes of apparatus requiring comparatively low pressures. 

The alternating-current choke coil operates because of a counter 

electromotive force induced in its turns due to the varying or alternating 

magnetic field produced through its center, by the alternating itd 

passing through the turns of wire of which the coil is wound. The coi 

shown in figure 15 may be used as a choke coil. 

231. Regulation of Arc Lights by Choke Coils. 

For example, it is often desired to operate an arc light, that requires 

only about 45 volts, from an alternating current supply circuit having a 

pressure of 110 volts. In such a case 110—45 =65 volts must be counter- 

Fie. 41. 
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acted by some means. This could be accomplished on alternating-current 
circuits as it is on direct-current circuits, by introducing a simple resistance 
into the circuit in series with the arc, as indicated in figure 41, so that the 
RI pressure drop across the added resistance R may equal 65 volts. This 
would be indicated by a voltmeter connected as at Vr. The power loss 
in such a case may be denoted by R I? and if the current is considerable the 
loss will be expensive as may be appreciated from a study of the following 
example and problems. | 

EXAMPLE 10: If electric power costs 15 cents per kilowatt 
hour, what will be the cost of operating during one hour, the 
regulating resistance of an arc light that requires 45 volts and 10 
amperes, if the supply pressure is 110 volts. | 

Data. 

H=110 volts. 
IT=10 amperes. 

H—E, =65 volts. 
The current is 10 amperes in the regulating resistance as well as in 

the arc, so the power radiated by the resistance in the form of heat is 
expressed by E'I=65X10=650 watts; or 83°;=0.65 kilowatt. One 
kilowatt is equal to one thousand watts. If the current passes through the 
resistance during one hour, the number of kilowatt hours will be 10.65 or 
0.65 kilowatt hour. The hourly cost will therefore be 

15 X 0.65 =9.75 cents. 

The cost of the energy used in the arc itself is only 45X10 Xxrtbd7 = 0.45 X 
15=6.75 cents. The total cost of operating the light per hour will there- 
fore amount to 9.75+6.75 =16.5 cents. 

If the are requires 45 volts and the supply 
pressure is 110, the pressure applied to the reg- 
ulating resistance is 110—45 =65 volts. 

PROBLEM 10: What will it cost per hour, to operate an arc light that 
requires 15 amperes at 50 volts from 110 volt mains, at 15 cents per kilo- 
watt hour? 

Answer. 23.25 cents. 

Problem 10a: What will it cost per hour to operate a regulating resist- 
ance for an arc light that requires 20 amperes at 55 volts, if the light 
is operated from 110 volt mains? Cost of electric energy being 20 
cents per kilowatt hour. 

232. A much less expensive method of counteracting pressure is 
possible in alternating-current circuits by means of choke coils. If a 
choke coil is connected in series with any device, as indicated at R, figure 
41, it is evident that the wire of which the choke coil is wound must be of 
sufficient size to safely conduct the current required by the device. The 
following table will serve as a guide as to the sizes of copper wire to be used 
for different currents: — 

ee at as 

C= = —= 

Choke Coils. 57 

B. & 8. gauge number. | Area in circular mils. | Current in amperes. 

18 1624 2 
16 2583 4 
14 4107 10 
12 | | 6530 18 
10 10380 20 
8 16510 28 

233. A brief consideration regarding the theory of the operation of 
choke coils is now in order. As has been shown in explaining the funda- 
mental principles underlying the operation of induction coils, whenever 
there is relative motion between an electrical circuit and a magnetic field, 
an electrical pressure is induced in the circuit, according to the right- 
hand rule; which shows the induced pressure to be in a direction opposite 
to that of any external applied pressure. Given a coil consisting of a num- 
ber of turns of winding, whenever a varying current flows in one turn it 
produces a varying magnetic field that threads through the adjacent turn, 
inducing in it a counter pressure to that which is applied. This interaction 
between contiguous turns isa mutual one so that each turn adds its incre- 
ment to the counter. electromotive force of the whole coil. The funda- 
mental principles also show that if all of the magnetic field produced by 
one turn can pass through the next turn, the induced counter pressure in 
the second turn will be the same as the applied pressure of the first turn. 

According to well-established laws of efficiency the counter pressure 
can never be exactly equal to the applied pressure producing it. However, 
by employing a soft iron core to cause a maximum number of magnetic 
lines to thread through all of the turns on a coil, the counter electromotive 
force of the coil can be kept at a relatively high value. ; 

234. Whenever a coil is connected with an alternating source of sup- 
ply, the alternating pressure applied to the terminals of the coil sends an 
alternating current through the coil according to the following expression: 

E 
(fe ee 
AC™ VS R24 Qarf Ly?’ 

in which I ,¢ denotes the current, In amperes, passing through the wire of 

the coil, E denotes the pressure, in volts, applied to the terminals of the coil, 
R denotes the simple ohmic resistance of the wire of the coil, in ohms, 
2n = 2X 3.1416 =6.2832, f denotes the frequency, in cycles per second, of the 
applied alternating pressure, and L denotes the coefficient of inductance of 
the coil, measured in henrys. 

235. The fundamental equation just explained may be rearranged 
as follows: 

LigV R2+ (2x f L)? =H; 

or by putting I,¢ under the radical sign, as: 

VRE got o(Qrf L)?=E. 
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The last form, if closely observed, will prove to be according to the 

famous Pythagorean theorem in Geometry, which stated in simple English, 
is to the effect that the square of the hypotenuse of any right angled tri- 

Fig. 42. 

angle is equal to the sum of the squares of the other two sides. This is 
illustrated by figure 42. | 

236. Suppose a triangle ABC is constructed as shown in figure 43, 

having its hypotenuse A B of such a number of units in length as to denote 

110 volts. 
For example, AB might be drawn 11 inches long. If the resistance 

of the wire of the coil is say 3 ohms and the current in it is 20 amperes, then 

Ri =3X20=60 volts, and AC will be drawn 60 units long; say 6 inches. 

B 

Fre, 43. 

If the frequency of the supply pressure is known and the coefficient of in- 

ductance L of the coil is known, then the length of the side CB may be 

Choke Coils. 59 

computed. The application of the Pythagorean principle may be seen from 
the values of the sides of the triangle A B C, figure 48, as follows: 

KE? =(RI)?+(2rf LI)? 
which is the same as lite 

| E=V/R2+ 2rf LI). 
The side denoted by 2rfLI represents the counter electromotive force, 

of the coil. The application of the foregoing geometrical relation to the 
design of a choke coil will be outlined. 

237. Suppose it is desired to construct a choke coil to carry 5 amperes 
and to reduce the pressure from 110 to 40 volts. This means that the 
pressure across the terminals of the coil will be 110 —40=70 volts. 

_ Draw a straight line 7 inches long as AB, figure 44. With a compass 
bisect the line A B at O, as indicated by the intersecting arcs at DD’ and 

Fie. 44. 

at FF.’ With OB as a radius draw the semicircle AC C’B. Suppose the 
resistance of the choke coil is to be 5 ohms. Then RI must be equal to 
5X5=25 volts. With A as a center and a radius=2.5 inches, to represent 
25 volts, intersect the semicircle A B C at point C, by are CG. 

The line joining C and B will by its length represent the counter 
electromotive force 27 f LI of the coil in volts. The frequency of the alter- 
nating supply will of course be known, and the current I has been assumed. 
The unknown is therefore L. It is evident then that: 

2x f LI=length of BC in inches X scale multiplication. 

Let it be supposed that the frequency of the supply is 60 cycles. Then 
the following will be true: 

L —length of BC in inches X scale multiplication. 
6.2832 X60 X5 

Suppose CB by careful measurement is found to be 6.5 inches, which corre- 
sponds to 65 volts in accordance with the assumed scale relation. 

Then: 
65 feseel Oe Opa henry: 

6.2832 X60 X5 a 
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The size of the wire must be large enough to carry 5 amperes without 
overheating, and the coil must contain sufficient turns to give the required 
value for L of .034 henry. By consulting the table given in paragraph 
232, it will be seen that No. 14 wire wlll be amply safe. 

238. To find the required number of turns, a very simple equation to 
use, when there is no iron core in the coil, is: 

a 4rn?A 

~ bX109 
In which n denotes the number of turns on the coil, A denotes the area of 
the central hole through the coil, expressed in square centimeters, and b 
denotes the length of the coil (not of the wire) in centimeters. 

Suppose it is decided to make the central hole -2 inches in diameter 
and the coil 8 inches long, then solving the given equation for n, gives: 

Pee / 10°b XL, 

4nrA 

and making the proper numerical substitutions gives: 

Ney [1098 X 2.54 x .034 Data. 
ir 4 2 542 b=8 X2.54 cms. 

: pol Sian oa Asa an2.bS 
n= — (/10°X8 xX 034 L=.034 henry. 

2a 2.54 

— 1591+/ 107080000 = 1646 turns (nearly). 

239. If a core 14 inch in diameter made of about No. 16 or No. 18 
iron wires and about 14 inches in length, is inserted into the coil the number 
of turns may be reduced considerably. The equation, with a core, will be: 

n=0.1591/ 1°XOXL in which pu 
4ruA 

denotes the permeability of the iron, and its numerical value depends upon 
the particular grade of iron used. Suppose yu is 500. 
Then for the assumed case; 

ue 0.15914/ 10°X8 X .084 _ 74 turns. 
2.54500 

| 240. The foregoing shows the increased choking effect when an iron 

core is employed, and the choking effect of the coil having 74 turns without 

the iron core may be computed from the equation for , without y, in it. 

241. The maximum choking effect occurs when the iron core is wholly 

within the coil; as it is gradually withdrawn, the choking effect, or the 

counter electromotive force of the coil decreases, as indicated by BC’, 

figure 44, and the ohmic pressure drop indicated by RI’ or A C’, figure 44. 

It is evident that any number of right-angled triangles may be inscribed in 

the semicircle A CC’ B, andas the B C side decreases the A C side increases. 

? 

942, The ohmic resistance of a choke coil provides a very small” 

proportion of the choking effect of the coil, so that its numerical value needs 

but small consideration compared with the safe current carrying capacity © 

of the wire of which the coil is made. 

| 
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243. If the design is to be exacting the dimensions of the coil may be 
slightly varied after the number of turns has been determined, so as to wind 
the length of wire, of the necessary size for safe conductivity, in such a 
space as to have the number of turns. _.. 

244. In using a choke coil always insert its iron core before closing 
the circuit, so as to start with the maximum choking effect. After the cir- 
cuit is closed, by gradually withdrawing the iron core, the current in the 
circuit is gradually increased. 

245. Figure 45 may serve to explain how the relation of ohmic pres- 
sure drop and inductive pressure drop may be shown by experiment. 

MN ETER 

a | 

SALLONGNs 

~ ZONVIsisad — 

Fig. 45. 

Suppose R denotes a resistance of any kind of wire that is not coiled 
up, while the portion called inductive resistance denotes a coil of wire such 
as that shown in figuire 15. These two portions of the circuit are connected 
together in series, so that the ammeter will indicate the current in each. 
There can be but one current in both portions. Suppose a volt meter be 
connected across the portion R, its indication will be Ep. Another volt 

meter connected across the inductive portion will indicate the pressure Ko. 
The pressure of the supply mains may be E. It willnot be true that the ap- 

plied pressure is the sum of the other two; that is, that H=Hp+Hp. The 

sum of the indications of the two volt meters will be greater than the applied 

pressure. There is an angular relation between Ep and Eg which renders 
it necessary to obtain their geometric resultant. 
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HOW TO MAKE HIGH-PRESSURE 

TRANSFORMERS 

‘For those who desire to build transformers to step up from 110 to 

20,000 volts, at 60 cycles or less. 

Also used as a text-book in Industrial and Technical High Schools and 

Colleges. 
4 

A very popular little book. 

Price, . 65 cents 

Review from “*The Wireless World,” June, 1916, London, Eng. 

Directions for Designing, Making, and Operating High-Pressure Trans- 

formers, by Professor F. E. Austin, Hanover, N. H.,U.S. A. 3s. net. 

This is an interesting and clearly written little book, particularly 

valuable to the serious student of wireless and to the operator who is 

anxious to understand thoroughly the principles and construction of the 

component parts of his installation. | 

The author introduces the subject by referring to the commercial | 

demand and necessity for electric power at high pressure, and the reasons 

why alternating current is the most useful for this purpose. A simple 

but very practical explanation of the construction of the transformer then 

follows, after which we find an explanation of symbols and annotation, 

‘the various losses in a transformer, power factor, and other matters. The 

author next treats of the design of a 20,000-volt transformer, entering very 

carefully into practical details of calculation. Following this, we have a 

chapter entitled ‘Directions and Data for Constructing a 3-KW. 20,000- 

volt Transformer,” the approximate cost of materials not being overlooked. 

A further chapter deals with data applying to a 4,000-volt transformer. 

We do not remember having previously seen any small book dealing 

so thoroughly and practically with the construction of high pressure trans- 

formers, nor one in which the diagrams and photographic illustrations were 

so happily chosen. The impression we have gained after reading the book 

is that the author knows exactly what he is talking about and how to express 

himself. | | 

Remit amount to Pror. F. E. Austin, Box 441, Hanover, N. H., 

U.S. A. 
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EXAMPLES IN BATTERY ENGINEERING, $1.25 
Book Reviews 

PRAETISAL 
NGINEER July 15, 1917 

EXAMPLES IN Barrery Enermesnine, by Prof. F. E. 
Austin; 90 pages, 39 illustrations, cloth; first edition, 
Hanover, N. H., 1917. Price, $1.25. 

To those already acquainted with the works of Prof. 
. Austin on subjects of electrical engineering, reviews of 
a number of which have already appeared in these col- 
umns, little need be said regarding the merits of his 
writings. These have dealt with various phases of both 
direct and alternating-current theory and practice; and, 
-due to his belief that engineering students as well as 
those engaged in professional practice should have an 
‘adequate knowledge of the fundamental principles form- 
ing the foundation of ‘‘battery engineering,’’ this vol- 
ume has been prepared. 

The work is divided into 16 lessons, devoted to both 
primary and secondary batteries; and in order to aid 
in a thorough understanding of the text, numerous ex- 
amples and problems for solution by the student are 

. given. Of necessity, considerable mathematics has been 
introduced, and while some of this inyolves the higher 
branches, the majority of formulas are of an elementary 
nature, thereby putting the matter in a form ‘readily 
understood by the student having a working knowledge 
of algebra. 

The arrangement of the subject matter in lessons 
under important subject headings adapts the volume’ for 
use as a text book, while the discussion of the applica- 
tion of theory to practice renders the book useful to 
electricians, and all in charge of primary and storage 
batteries. 

THE ELECTRICAL NEWS 

iy th New Books 

Examples in Battery Engineering — By Professor ©. E. 

Austin, E.E., Hanover, N.H. Published by the author; price 

$1.25. This book is written in view of the increasing use of 
primary and storage cells and the greatly extended applica- 

tions possible in the future. The arrangement of the subject 

matter in lessons under important subject headings adapts the 

book for us€ as a text-book and discussions on the application 

of theory to practice renders the book useful to electricians 

and operators of submarines ‘and automobiles. There are 90 
pages, 414°x 7% inches, cloth bound, illustrated. 

RAILWAY SIGNAL ENGINEER 

NEW BOOKS 
Examples in Battery Engineeritig. By Prof. F. E. Austin. 90 

pages, 39 illustrations, 4% -in. by 7% in. Bound in cloth. 
Published by the author, Box 441, Hanover, N. H. Price, 
$1.25. 

This book presents in a simple and tnderstandable 
form the fundamental principles involved in the use of 
primary and storage batteries.’ Various methods of con- 
necting cells and the resulting voltage and current are 
shown by illustrations and examples, two chapters are 
given to the maximum current from a battery, another 
to variations in current from a battery; the power effi- 
ciency of a battery is taken up in another, and other chap- 
ters cover the general details of the common types of 
storage batteries, general directions for charging, etc- 

Remit amount to Pror. F. KE. Austin, Box 441, Hanover, N. H., U.S. A. 

PRELIMINARY MATHEMATICS, $1.20 
A book of great assistance to beginners in the study of mathematics. 

Adapted for the use of High School and Correspondence Course students. 

; | ELECTRICITY. Lonvon June 1, 1917. 
BRELIMINARY MatiHEMATICs, by Prof, F. E. Austin, 

E.E. Cl, 173 pp. (Spon, 6s. net).—This is an eminently 
practical work of a type which is. sure to find fayour with 
students who are anxious to make progress in’ the particular 
branch of engineering with which they are. concerned, 
and at the same time feel that they are weak in mathe- 
matics, so would like to learn :the main: principles easily, 
but well enough to help them to get on and train their 
minds to grasp more intricate work. The author’s aim is 
to supply a connecting link between arithmetic and algebra, 
and indeed as an auxiliary to other text-books. In fact, 
to show how to solve problems, and his explanations 
are so clear and the worked examples so numerous and 
comprehensive that it will indeed be a dull lad who does 
not gain good sound training from their study. The book 
should find a ready sale. 

Remit amount to Pror. F. E. Austin, Box 441, Hanover, N.H., U.S. A. 
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