






















































































































































































































































































































































































































































































































































































































































































































































































































































































































.\HT. 12-3] 

Solution: 

(a) 

(b) 

(c) 
(d) 

BASIC ELECT/WNW CIRCUITS 

Given: 
C = 0.001 µf 
I,= 5 mh 
f = 5000 cycles 
f = 500 kc 

Find: 
Xe.,.? 
XL=? 

Xe= 159,000 
JC 

15!),000 
5 X 1Q3 X 1 X 10-3 = 31,800 ohms 

X = 159,000 _ 
c 500 X 10a X 1 X 10-a - 318 ohms 

XL= 2,rfL = 6.28 X 5 X 103 X 5 X 10-3 = 157 ohms 
XL = 6.28 X 5 X 105 X 5 X 10-3 = 15,700 ohms 

435 

Analyzing the values obtained in this example, it can be seen that the 
high-frequency currents will find the path of least opposition through the 
capacitor and hence will take that 
path. The low-frequency currents 
"·ill find the path of least opposition f 
through the inductor and hence wil1 
take that path. A measure of the 
ability of a filter circuit to by-pass 
undesired currents may be expressed 
in terms of the ratio of the imped­
ances at the frequency limits. 

+ 
C 

I­
L 
:::i 

l.) 

_____ rrequencies ___ _ 
passed 

Frequency-
J/igh-pass Filter. A high-pass 

filter circuit is used to allow all cur­
rents having a frequency above acer­
tain value to pass into a desired circuit 

Fw. 12-8.-Charactcristic curve for a simple 
high-pass filter circuit. 

while opposing or diverting the flow of all currents having a frequency below 
this value (see Fig. 12-8). A capacitor inserted in the line (Fig. 12-0a) ,Yill 
offer little opposition to the flow of high-frequency currents, a large amount 

{a) 
Line unit 

I 
{bJ 

By-pass 

L.F. 
H.F. H.F. - -o-----.---ir-o 

(cJ 
Filter circuit 

FIG. 12-9.-Basic units of a high-pass filter circuit. 

of opposition to the flow of low-frequency currents, and will block the flow 
of direct currents. The capacitor used should be of such a value that it will 
allow the passage of all currents whose frequencies are above a definite value 
and greatly oppose the flow of current for all frequencies below this value. 
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In order to divert the undesired low-frequency currents back to the source, 
an inductance coil is used as a by-pass as shown in Fig. 12-9b. The induct­
ance of this coil is of such a value that it carries off the currents whose 
frequencies arc below the cutoff point and rejects the currents whose fre­
quencies are above this value, thus forcing them to pass on through the 
circuit. Connecting the coil and capacitor as shown in Fig. 12-9c, the 
simplest type of high-pass filter circuit is obtained. 

Example 12-7. A two-henry choke coil and a 0.5-microfarad capacitor are con­
nected as shown in Fig. 12-9c to form a high-pass filter circuit. What lopposition is 
offered by the capacitor (a) to 60 cycles (power disturbances)? (b) To a 1200-cycle 
a-f signal? What opposition is offered by the inductor (c) to 60 cycles? (d) To 1200 
cycles? 

Solution: 

(a) 

(b) 

(c) 

(d) 

Given: 
C ~ 0.5 µ,f 

L = 2 henries 
f = 60 cycles 
f = 1200 cycles 

Find: 
Xe=? 
XL=? 

Xe = 159,000 = 159,000 = 5300 ohms 
JC 60 X 0.5 

159,000 
Xe = ---- = 265 ohms 

1200 X 0.5 

XL= 21rfL = 6.28 X 60 X 2 
= 753.6 ohms 

XL = 6.28 X 1200 X 2 
= 15,072 ohms 

Analyzing ,the values obtained in this example, it can be seen that the 
high-frequency currents will pass on through the capacitor and the low­
frequency currents will be by-passed through the inductor. 

Band-pass Filter. The purpose of a band-pass filter is to allow the 
current of a narrow band of frequencies to pass through a circuit and to 
exclude all currents whose frequencies are either greater or less than the 
extreme limits of the band (Fig. 12-10). 

Resonant circuits can be made to serve as filters in a manner similar to 
the action of individual capacitors and inductors. The series resonant 
circuit offers a very low impedance to those currents whose frequencies are 
at or near the resonant frequency of the circuit and a very high impedance 
to the currents of all other frequencies. The series resonant circuit (Fig. 
12-lla) replacing the inductor of Fig. 12-7a would act as a band-pass filter, 
passing currents whose frequencies are at or near its resonant frequency and 
blocking the passage of all currents whose frequencies are outside this 
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narrow band. A parallel resonant circuit offers a very high impedance to 
those currents whose frequencies arc at or near its resonant frequency and a 
relatively low impedance to currents of all other frequencies. The parallel 
resonant circuit (Fig. 12-llb) replacing the capacitor of Fig. 12-7b, if tuned 

t 
+­c ., 
t.. 
'­
:l 
u 

Frequency-

FIG. 12-10.-Characteristic curve for a simple band-pass filter circuit. 

to the same frequency as the series resonant circuit, will provide a path for 
all currents whose frequencies arc outside the limits of the frequency band 
passed by the series resonant circuit. Connecting the two resonant circuits 

(al 
Line unit 

(bJ 
B'j-pOS5 

All frequencies- --Band of desired frequencies 

Undesired! 
frequencies 

re) 
Filter circuit 

~ 

FIG. 12-11.-Basic units of a band-pass filter circuit. 

as shown in Fig. 12-llc, the simplest type of band-pass filter circuit is 
obtained. 

Band-stop Filter. The purpose of a band-stop filter is to oppose the 
flow of current for a narrow band of frequencies while allowing the current 
to flow for all frequencies above or below this band (Fig. 12-12). Band­
stop filters are also knmvn as band-suppression and band-exclusion filters. 
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Its purpose is opposite to that of a band-pass filter, and the relative position 
of the resonant circuits in the filter circuit will have to ·be interchanged. 

The parallel resonant circuit (Fig. 12-13a), replacing the capacitor of 
Fig. 12-9a, would act as a band-stop filter, blocking the passage of all 
currents whose frequencies arc at or near its resonant frequency and passing 

l __ {requenc/es __ _ 
~ ptJssed 

__fi-equenc,e.s:_ __ 
passed 

L 
L 
::i 

c...) 

Freque~cy-

Fw. 12-12.-Charactcristic curve for a simple band-stop filter circuit. 

all currents whose frequencies are outside this band. The series resonant 
circuit (Fig. 12-13b), replacing the inductor of Fig. 12-9b, if tuned to the 
same frequency as the parallel resonant circuit, would act as a by-pass and 

{a) 
Line unit 

T 
" T o 

{bJ 
By-pass 

&ndofJ 
undesired~ 
frequencies 

-+ Desired freq1.1encies 

(cl 
Filter circuit 

Fw. 12-13.-Basic units of a band-stop filter circuit. 

provide a path for the undesired band of frequencies. Connecting the two 
resonant circuits as shown in Fig. 12-13c, the simplest type of band-stop 
filter circuit is obtained. 

12-4. Multisection Filter Circuits. Need for JJ.f ultisection Filter Circuits. 
All the filter circuits explained in the previous article have only one section. 
Using these circuits as is, it is impossible to obtain a sharp reduction of 
current at the cutoff frequency. Adding a capacitor, inductor, or resonant 
circuit in series or parallel (depending on the circuit) with the filter circuit 
will improve its filtering action, thus sharpening the reduction of current at 
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the desired frequency. When the above units arc added to a filter circuit, 
the form of the resulting circuit will resemble the letter Tor the symbol 1r. 

They are therefore called T- or 1r-type filters, depending on which symbol 
they resemble. Two or more sccLions of either the T- or 1r-typc filters may 
be joined to produce a sharper cutoff. 

T-type Filter Circuits. Connecting an inductor in series with the simple 
low-pass filter (Fig. 12-7c), a T-type low-pass filter circuit is formed (Fig. 
12-14a). Connecting two of these filter circuits, as shown in Fig. 12-14/J, 
it can be seen that the two connecting inductors La and Lb can be replaced 

~ 
I 
(a) 

Single-section T-type 
low-pc,ss filter circuit 

~ 
o-------+-0 I ___ I 0 

(b) 
A two-section T-t:,,pe 
low-po,ss filter circuit 

(c) 
Pmcticc,J two-section 
low-pc,ss filter circuit 

FIG. 12-14.-T-type low-pass filter circuits. 

by a single inductor L. (Fig. 12-14c) whose value is equal to La + Lb. 
As all the inductors originally are of the same size, the center inductor 
L. should have a value of twice the inductance of either of the end in­
ductors. 

(a} 
~ingle-section T-:type 
h1gh-pi,ss f1 lter circuit 

(b) 

A two section T-t1pe 
high-pi,ss filter circuit 

o--j 

(cJ 
Prnc!ical two-section 
high-pc,ss filter circuit 

FIG. 12-15.-T-type high-pass filter circuits. 

Connecting a capacitor in series with the simple high-pass filter (Fig. 
12-9c), a T-type high-pass filter circuit is formed (Fig. 12-15a). Connect­
ing two of these filter circuits, as shown in Fig. 12-15b, it can be seen that 
the two connecting capacitors Ca and Cb can be replaced by a single capacitor 

C. (Fig. 12-15c) whose value is equal to 1 / (Ja + ~). As all the capaci­

tors originally are of the same size, the center capacitor C. should have a 
value of one-half the capacitance of either of the end capacitors. 

Connecting a series resonant circuit in series with the simple band-pass 
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filter circuit (Fig. 12-llc), a T-type band-pass filter is formed (Fig. 12-16a). 
Connecting a parallel resonant circuit in series with the simple band-stop 
filter circuit (Fig. 12-13c), a T-type band-stop filter is formed (Fig. 12-16b). 

Pi-type Filter Circuits. Connecting a capacitor to the simple low-pass 
filter (Fig. 12-7c), so that the line is shunted at both ends of the inductor 

~tr:~ 
(a) 

Single-section Hype band­
pciss filter circuit 

(bJ 
Single-section T-type band­

stop filter circuit 

:FIG. 12-16.-T-type band-pass and band-stop filter circuits. 

by a capacitor, a 71'-type low-pass filter is formed (Fig. 12-17a). Connect­
ing two of these filter circuits as in Fig. 12-l 7b, it can be seen that the two 
connecting capacitors Ca and Cb can be replaced by a single capacitor C. 

~ 
0 I I 0 

(al 
Single-section 1l'·fype 
low-pass filler circuit 

~ 
.T TI 10 

(bJ 
A two-section tr-type 
low-pass filter circuit 

~ 
0 T T T. 

(c) 

Prnc+ical hvo-section 
low-pass filter circuit 

FIG. 12-17.-A ,r-type low-pass filter circuits. 

(Fig. 12-17c) whose value is equal to Ca + Cb. As all the capacitors origi­
nally are of the same size, the center capacitor should have a value of twice 
the capacitance of either of the end capacitors. 

TI 
(a) 

Single-section 1f-type 
high-pass filter circuit 

(b) 
A two-section lT-type 
high-pciss filter circuit 

(cl 
Prncfical two-section 
high-pass Hiter circuit 

Fm. 12-18.-A ,r-type high-pass filter circuits. 

Connecting an inductor to the simple high-pass filter (Fig. 12-9c) so 
that the line is shunted at both ends of the capacitor by an inductor, a 
?r-type high-pass filter is formed (Fig. 12-18a). Connecting two of these 
filter circuits as in Fig. 12-18b, it can be seen that the two connecting induc-
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tors La and Lb can be replaced by a single inductor L. (Fig. 12-lSc) whose 

value is equal to 1 / (L + L) . As all the inductors originally arc of 

same size, the center inductor should have a value of one-half the inductance 
of either of the end inductors. 

~o:(o: TI 
(aJ rbJ 

Single-section 71"-type Single-section rr-type 
band-pe1ss filter circuit band-stop filter circuit 

FIG. 12-19.-A ,r-type band-pass and band-stop filter circuits. 

Connecting a parallel resonant circuit to the simple band-pass filter 
circuit (Fig. 12-llc) so that the line is shunted at both ends of the series 
resonant circuit by a parallel resonant circuit, a 1r-typc band-pass filter 
circuit is formed (Fig. 12-19a). Connecting a series resonant circuit to 
the simple band-stop filter circuit (Fig. 12-13c) so that the line is shunted 
at both ends of the parallel resonant circuit by a series resonant circuit, 
a 1r-type band-stop filter circuit is formed (Fig. 12-19b). 

12-5. Filter Circuits as a Whole. The design of filter circuits is a sub­
ject for advanced communication study; therefore the calculation of the 
component parts is left to advanced texts. The choice of the type of circuit 
to be used is therefore a matter for the designing engineer to decide. 
However, the following terms, generally used in connection with filter 
circuits, should be understood. 

Source Impedance. Impedance of 
circuit is called the source impedance. 
tube, a high resistance, etc. 

the circuit leading into the filter 
This may be the plate circuit of a 

Load Impedance. The impedance of the circuit into which the filter 
circuit feeds is called the load impedance. This may be a voltage divider, 
the plate resistor of a resistance coupled amplifier unit, etc. 

Image Impedances. These are the impedances at each end of the filter. 
In order that there will be no reflection loss, the image impedance at the 
load end should equal the load impedance, and the image impedance at the 
source end should equal the source impedance. 

Characteristic Impedance. This is sometimes called the iterative im­
pedance and is equal to the impedance that the filter circuit offers the source. 
Filter circuits are generally designed so that the load impedance equals the 
input impedance. The image impedances for this condition are equal and 
also equal to the characteristic impedance. The image impedance and 



442 ESSES'l'IALS OF ELECTRICITY [ART. 12-6 

characteristic impedance generally vary with frequency; therefore the two 
measurements must be taken at the same frequency. 

12-6. Other Filter Circuits. m-Derived Filter. These circuits are de­
rived from the basic filter types explained in Art. 12-3, and their behavior 
depends on a factor that is a function of a constant, m. This type of 
filter circuit produces a sharper cutoff than the basic types. Additional 
impedances arc inserted into the basic circuit to form either a shunt-derived 
or series-derived type filter. If the additional impedances are added to 
the shunt arm of the section, the filter circuit is series derived (Fig. 12-20). 
If the additional impedances arc added to the series arm of the section, 
the filter circuit is shunt derived (Fig. 12-21). 

(aJ 
Low-pciss 

n (--o 

' ,J , 

0 ;1=::t-=, 
re) 

Bcind-pass 

T~ 
c T 

(bJ 
High-pass 

rd) 
Bcmd-stop 

Frn. 12-20.-Series-derived m-type filter circuits. The dotted impedances are those added 
to the shunt unit to form the m-deri ved filter circuit. 

Resiswr-capacitor Circuits. i\Iany circuits in radio receivers and ampli­
fiers carry both alternating and direct current. A circuit may carry direct 
current for plate supply and an a-c signal at the same time. It is neces­
sary to provide a path for the signal voltages so that they may be applied 
only to certain portions of the circuit. In other words, it is necessary to 
separate the direct current and alternating signal current. 

A convenient means of obtaining this separation is to use a capacitor 
to provide a path for the alternating current and a resistor to provide a 
path for the direct current. This action is illustrated in Fig. 12-22. The 
circuit of Fig. 12-22a uses a capacitor to allow the passage of the alter­
nating signal current from the screen-grid circuit of a tube to ground. The 
resistor keeps the alternating signal current from getting into the B supply 
where it might cause trouble. The resistor is also used to provide the 
correct voltage for the screen grid by acting as a dropping resistor. 
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The resistor shown in Fig. 12-22b connected between cathode and 
ground is used to supply a negative voltage for the grid of the tube. This 
resistor is usually of several thousand ohms resistance ancl ofTcrs an im­
pedance of this value to the flow of the signal current. This large imped-

I I 
I I 
I I/ I 
L-i;_.J 

(a) 
Low-pass 

(cJ 
Bc,ind-pass 

(bJ 
High-pass 

-,-;;,;-,-,, 
V\,V I 

~ 
,1 I 

--H·--' 

(dJ 
Bernd-stop 

" 

FIG. 12-21.-Shunt-derived m-type filter circuits. The dotted impedances are those added 
to the series unit to form the m-derived filter circuit. 

ance to the flow of the signal current will reduce it to a critical value. At 
this point in a circuit this large reduction in signal current introduces 
degeneration; this action should be avoided. If a capacitor is connected 
across the resistor as shown in Fig. 12-22b, it will provide a path for the 
alternating signal current. This 
diverting of flow of the signal cur­
rent will not affect the obtaining of 
the voltage drop across the resistor 
necessary to produce the correct 
negative grid voltage. 

There are a number of other 
applications of resistor-capacitor fil­
ter circuits; these circuits will be 
best understood in their application 
to a definite need in a circuit. There­
fore, their circuits and actions are 
discussed in detail as to their appli­

(a) (b) 

Fm. 12-22.-Resistor-capacitor filter circuits: 
(a) filter action in the plate or screen-grid 
circuit, (b) cathode grid-bias circuit. 

cations to radio-amplifier circuits, audio-amplifier circuits, detector cir­
cuits, etc., in the authors' Essentials of Radio. 

12-7. Coupling of Circuits. Principles of Coupling. Two circuits are 
said to be coupled when they have a common impedance that permits the 
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transfer of electrical energy from one circuit to another. This common 
impedance, called the coupling element, may be a resistor, an inductor, a 
capacitor, a transformer, or a combination of two or more of these clements. 

Coupling elements are usually required to perform some filter action in 
addition to transferring energy from one circuit to another. Conversely, 
every filter circuit contains a section that acts as a coupling device. Cou­
pling circuits and filter circuits are so much alike that it is difficult to state 
\Yhether they should be called filters or coupling units. The choice of name, 
which is really unimportant, may be governed by that function which is 
considered of major importance. The type of impedance used will be 

(al-Resistance coupling 

0 

I 
0 

Jr,puf Output 

I 0 0 

(cJ-CClpClcitive coupling 

Ou/~/ 

(eJ-Auto-trcmsformer coupling; 
combined selfoind mutual inductance 

~npul 

(bJ-lncluctive coupling 
M 

o------'-,,--"-,~----o 

Input Output 

(dJ-Trcmsformercoupling 

-------iE-
input 

(a.c.and d c) 
0tdpuf 

(a.c.only) 

(f)-lndudive coupling.CllpClcifor 
added to block the ~irectcurrent 

Fm. 12-23.-Types of simple-coupled circuits. 

determined by the kinds of current flowing in the input circuit and the kind 
desired in the output circuit. The characteristics of each type of imped­
ance have already been presented in the study of filters. 

Simple-coupled Circuits. A simple-coupled circuit is one in which the 
common impedance consists of only a single clement. A group of simple­
coupled circuits is shown in Fig. 12-23. 

The resistance-, inductive-, and capacitive-coupled circuits arc also 
called direct-coupled circuits. In these circuits the coupling is accom­
plished by the current of the input circuit flmYing through the common 
impedance, where it produces a voltage drop. This voltage is applied to 
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the output circuit, thus resulting in a transfer of electrical energy from the 
input to the output circuit. The output voltage is equal to the product 
of the current in the coupling element an<l its impedance. 

The transformer-coupled circuit shown in Fig. 12-23d is also referred 
to as indirect coupling, magnetic coupling, or mutual-inductive coupling. 
In this type of coupling the transfer of energy is accomplished by the alter­
nating current of the input circuit flowing through the primary winding 
and setting up an alternating magnetic field. The magnetic lines of this 
field link the turns of the secondary winding and induce the voltage that 
supplies the energy for the output circuit. 

In some applications of coupling devices the input circuit may have 
both alternating and direct current flowing, and it is desire<l that the 
coupling unit transfer only the alternating current to the output circuit. 
The transformer-coupled unit will serve this purpose satisfactorily as it 
will pass only the alternating current. The other simple-coupled circuits 
(Fig. 12-23a, b, and c) can be modified by inserting a capacitor in series 
with the output side so that no direct current can reach the load. This 
is illustrated by the circuit of Fig. 12-23J. 

Complex-coupled Circuits. A complex-coupled circuit is one in which 
the common impedance consists of two or more circuit clements. A few 
of the numerous types of complex coupling are shown in Fig. 12-24. 

The proportion of energy transferred in a simple inductive-coupled 
circuit increases as the frequency increases, while, with simple capacitive 
coupling, the proportion of energy transferred decreases as the frequency 
increases. Using combinations of two or more clements in the coupling 
unit makes it possible to obtain various proportions of energy transfer for 
inputs of varying frequency. For example, the coupling clement of Fig. 
12-24a is really a series tuned circuit and hence will have a minimum imped­
ance at its resonant frequency. The proportion of energy transfer, too, 
will be at a minimum value ,vhen the frequency of the input circuit is equal 
to the resonant frequency of the coupling unit. At frequencies abow 
resonance the proportion of energy transfer will increase and will be induc• 
tive. At frequencies below resonance the proportion of energy transfe, 
will also increase but will be capacitive. The fact that the energy transfer 
is minimum at the resonant frequency may be more clearly understood when 
it is stated that the input side of the filter is generally a part of a series 
circuit, for example, the plate circuit of a tube, as shown in Fig. 12-2-le. 
It can now be seen that at resonance, when the impedance of the coupling 
unit is minimum, its voltage drop will be at its minimum and the propor­
tion of energy transfer must also be at its minimum. 

In general, the amount of energy transferred will be proportional to 
the current flowing through the couQling, unit and to the impedance of the 
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unit. For purpose of analysis, complex-coupled circuits may be repre­
sented by a simple equivalent circuit, as shown in Fig. 12-24f. 

Coefficient of Coupling. The ratio of the energy of the output circuit 
to the energy of the input circuit is called the coefficient of coupling. Criti-

;o-np_u_t ___ i ____ O,_u_tp-~t 

(a)· Series tuned coupling 

<>--J~~ 
Input 1 Output 

{c)- 4ombined rnducfive l'lnd 
ccipacitive coupling 

Input whenZ=min. 
E•min. Load 

(eJ· Series tuned coupling 

(h)·Parc,llel tuned coupling 

0 0 

Input 0 Output 

~I - -T-__,1 r-" 
{d)-Combined mutu1:1I inducfonce 

ond capc,citive coupling 

M 

:pm Zp~ f Zs Ou/~/ 

(f )-Equivalent circuit of any 
complex coupled circuit 

FIG. 12-24.-Typical complex coupled circuits. 

cal, tight, and loose coupling are terms used to express the relative value 
of the coefficient of coupling for mutual-inductive (transformer)-coupled 
circuits. 

:Figure 12-25 shows the response curves for tight, critical, and loose 
coupling. \Vhen the maximum amount of energy is transferred from one 
circuit to another, the circuits are said to possess critical coupling; this is 
also referred to occasionally as optimum coupling. If the coefficient of 
coupling is higher than that necessary to produce critical coupling, it is 
referred to as being tight; if it is lower than that required for critical cou­
pling, it is referred to as being loose. 

The effect of varying the coupling between two circuits may be seen 
from the response curves of Figs. 12-25 and 12-30. When two circuits are 
very tightly coupled, resonance will be obtained at two new frequencies, 
one below and the other above the normal frequency of resonance for the 
capacitor and inductor used. As the coupling is decreased, the two peaks 
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come closer together until critical coupling is reached and a single peak of 
maximum height obtained. If the coupling is decreased below the critical 
value, a single peak of reduced height is obtained. 

Air-core transformers, commonly used in radio circuits, illustrate the 
importance of the amount of coupling between the primary and the second-

fr 
(a) 

Tight 

fr. 
(bJ 

Critical 

fr 
(c) 

Loose 

Fra. 12-25.-· -Response curves showing the effect of various amounts of coupling. 

ary windings. As it is difficult to design an air-core transformer in which 
a large portion of the magnetic lines set up by the primary winding will 
link the turns of the secondary winding, the coefficient of coupling is gen­
erally low. A low value for the coefficient of coupling is not objectionable 
in some circuits, as it provides certain desirable characteristics which will 
be presented in the following article. 

12-8. Characteristics of Mutual-inductive-coupled Circuits. Induc­
tive coupling, particularly mutual inductance as provided by the trans­
former, is the means most commonly used to transfer energy from one 
circuit to another. The characteristics of these circuits depend upon the 
type of cjrcuit, that is, whether a capacitor is connected to the primary, to 
the secondary, or to both. The characteristics are also dependent upon 
the amount of coupling between the two circuits. 

Coupled Impedance. The primary and the secondary circuits of a trans­
former arc separate electrical circuits that arc magnetically coupled. Each 
circuit has an impedance of its own generally designated as Zp and z • . 
The impedance of the primary winding, when no load is applied to the 
secondary, consists of the resistance and inductance of the primary wind­
ing. The impedance of the secondary circuit consists of the resistance and 
inductance of the secondary winding plus the impedance of any load con­
nected to the circuit. When the secondary circuit is left open, that is, 
when no load is applied to its terminals, the impedance of the secondary 
will be infinity or so large that it is immeasurable. Under this condition 
the presence of the secondary \Vill have no effect upon the primary circuit. 



-1-t-8 ESSRXTTALS OF ELECTRICITY [ART. 12-8 

,,1wn a load is applied to the secondary, the impedance will have a 
significant value and a current will flow in the secondary circuit. The 
amount of energy in this circuit "·ill depend upon the secondary voltage 
and impedance. The secondary voltage, hmvever, is dependent upon the 
number of magnetic lines linking the two circuits. The number of linkages 
is proportional to the coefficient of coupling; therefore the amount of energy 
transferred is also dependent upon the coefficient of coupling. As the 
energy in the secondary circuit must come from the primary, it is evident 
that the primary impedance will be affected by the impedance of the second­
ary circuit. The effect of the secondary circuit upon the primary is equiva­
lent to adding an impedance in series with the primary. This added 
impedance is generally referred to as the c011pled impedance. 

The numerical value of the coupled impedance of a mutual-inductive­
coupled circuit may be found by the equation 

z _ (21rfM) 2 

p-s - Za (12-1) 

where ZP-• = impedance coupled into the primary by the secondary, ohms 
f = frequency of the power source, cycles per second 

},f = mutual inductance, henries 
z. = secondary impedance, ohms 

The derivation of this equation is explained in the following steps: 
1. From the definition, two circuits have a mutual inductance of one 

henry when a current in one circuit, changing at the rate of one ampere 
per second, induces an average emf of one volt in the second circuit; the 
induced voltage in the second circuit may be expressed as 

(12-2) 

This equation indicates that, when the mutual inductance }.[ is one henry 
lp2 - lpl. 

and the rate of current change --- 1s one ampere per second, the aver­
~ - t1 

age value of the induced voltage e. "·ill be one volt. In other words, this 
equation is derived from the definition of the unit of mutual inductance. 

2. "rhen an alternating current IP is flowing, the current is continually 
changing from a maximum value to zero in a positive and negative direc­
tion and at a rate proportional to the frequency. As the alternating cur­
rent IP is an effective value, the maximum current will be IP divided by 
0.707. Also, a change in current from the maximum value to zero occurs 
in a period of time corresponding to one-quarter of a cycle. Therefore 
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lp 

fmux - [ o = fmax = 0.707 = 
1 1 1 
·-lf ·1f 4f 

Applying Eq. (12-3) to Eq. (12-2), then 

44!) 

( 12-3) 

(12-4) 

3. The induced secondary voltage e, is expressed as an average value, 
and in practical ·work it is desired to have it expressed as the effective 
value E. As the average value is equal to 2/1r (or 0.<i37) times the maxi­
mum value and the effective value is equal to 0.707 times the maximum 
value, then the effective value may be expressed as 

E. = ~ X 0.707 = 0.7(~1re, 

7r 

2E., 
or e, = 

0.7071r 

Substituting Eq. (12-6) in Eq. (12-4), 

or 

2E. = M 4flp 
0.70h 0.707 

E. = 21rJMlp 

4. The secondary current I. will, therefore, be 

I = E. = 21rfllflp 
s z. z. 

(12-5) 

(12-6) 

(12-7) 

(12-8) 

(12-9) 

5. This secondary current upon flowing through the secondary winding 
sets up a magnetic field of its own that induces a voltage in the primary. 
This induced voltage will be 180 degrees out of phase with the primary 
impressed voltage and is referred to as a counter, or back, voltage. Dy 
the same reasoning as was used 1.o derive the secondary induced voltage, 
it may be shown that this counter voltage induced in the primary will be 

Eeounter = 21rf Jlf [s 

Substituting Eq. (12-9) for I. in Eq. (12-10), 

Ecounter = (21rjllf) (
2
1r~:)[ P 

(21rfllf)
2 

I 
z. p 

(12-10) 

(12-11) 

(12-12) 
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u. As this voltage represents the effect that the secondary has upon 
the primary and as an a-c voltage is equal to the product of impedance 
and current, it may be stated [from Eq. (12-12)] that the effect of the 
secondary impedance upon the primary is 

z = (21rflf1) 
2 

p-8 z. (12-1) 

The coupled impedance expressed by Eq. (12-1) may be represented by 
an equivalent resistance and an equivalent reactance connected in series 
with the primary circuit. The numerical values of the equivalent resistance 
and equivalent reactance arc expressed by the following equations: 

Rp-B = 
(21rJM)2R. 

(12-13) 7, 2 B 

Xp-• = 
(21rfM) 2X. 

(12-14) 7, 2 • 
where RP-• = resistance coupled into the primary by the secondary, ohms 

Xp-• = reactance coupled into the primary by the secondary, ohms 
f = frequency of the power source, cycles per second 

}.f = mutual inductance, henries 
R. = resistance of the secondary circuit, ohms 
z. = impedance of the secondary circuit, ohms 
X, = reactance of the secondary circuit, ohms 

XoTE: "\Vhen X. is inductive, then Xp-• has a negative sign, and when 
X. is capacitive, Xp-, has a positive sign. 

Example 12-8. A mutual-inductance-coupled circuit is shown in Fig. 12-26 
together with the circuit values. (a) What coupled impedance does the secondary 
present to the primary? (b) What is the value of the equivalent resistance compo­
nent of the coupled impedance? (c) What is the value of the reactance component 
of the coupled impedance? (d) Draw the equivalent-circuit diagram. (e) What is 
the effective impedance of the primary circuit? (f) What is the primary circuit 
current if the voltage of the 175-kilocycle signal is 10 volts? (g) What is the sec­
ondary voltage? (h) What is the secondary current? 

Given: 

M=0.50mh 
~ o------... ,,-------, 

Lp= 

f~l75/cc I. lmh 
Rp= 

10.n. 

Ls=.J.Smh 

R8 =20.11 

Frn. 12-26. 

Find: 

(a) Zp-• = ? 
(b) RP-• = ? 
(c) Xp-• = ? 
(d) Diagram 

(e) ZpT = ? 
(f) IP = ? 

(g) E, = ? 
(h) I, = ? 
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Solution: 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

BASIC ELECTRONIC CIRCUITS 

(2.,,.f M) 2 (2,rfM)• 
ZP-• = -- = -----;======== 

Z, V (R, + R1oa,1) 2 + (2,rf L,)2 

(628 X 175 X 103 X 0.50 X 10-3)• 

V (20 + 80)2 + (6.28 X 175 X 103 X 3.5 X 10-1) 2 

= 301,950 

3847 

= 78.5 ohms 

RP-, = (2.,,.JM)•R, 
z.• 

301,950 X 100 

(3847) 2 

= 2.04 ohms 

X = (2.,,.JM) 2X, 
P-• z,2 

301,950 X 3846 

(3847) 2 

=- 78.5 ohms 

Fm. 12-27. 

ZPT = v' (Rp + RP-,) 2 + (X,, - X,,_.) 1 

= V (IO + 2.04) 2 + (1868 - 78.5) 1 

- 1789.6 ohms 

E 
lz, = -

ZvT 

10 

1789.6 

= 0.00558 amp 

= 5.58 ma 

451 
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(g) 

(h) 

ESSENTIALS OF ELECTRICITY 

E, = 21,JMI~ 

= 549.5 X 0.00558 

= 3.06 volts 

I - E, 
8 - z, 

3.06 

3847 

= 0.000795 amp 

= 0.795 ma 

[AU'l'. 12-8 

Examining the results of this example, one can see that the effect of the 
coupled equivalent resistance is to increase the effective resistance of the 
primary circuit. The equivalent reactance that is coupled into the pri­
mary by a secondary whose reactance is inductive is opposite in phase to 
the primary reactance and hence reduces the effective reactance of the 
primary circuit. The net result is a reduction in the effective primary 
impedance, more current thereby being allowed to flow in the primary 
circuit, thus making possible the transfer of more energy to the secondary 
circuit. 

Many of the important characteristics of coupled circuits are explained 
by the effects of coupled impedance. Examination of Bq. (12-1) indicates 
that the coupled impedance will be low when the coefficient of coupling is 
low because the value of 111 decreases when the coefficient of coupling is 
decreased. Also, the coupled impedance will be low when the secondary 
impedance is high. Thus, when the coefficient of coupling is low or when 
very little load is applied to the secondary (high secondary impedance), 
the coupled impedance will be low and the effect of the secondary upon 
the primary will be negligible. However, when the coefficient of coupling 
is high or when the secondary carries considerable amounts of load (low 
secondary impedance), the coupled impedance will be high and the second­
ary will produce considerable effect upon the primary circuit. 

Circuit with Untuned Primary and Untuned Secondary. The simplest 
type of transformer coupling would he a circuit having an untuned primary 
and an untuned secondary with a resistance or inductance load. Such a 
circuit is shown in Fig. 12-28a. This circuit is often used as an equivalent 
circuit to represent the effects produced by a shield, metal panel, or other 
metal object located near a coil. The effect of the shield or panel upon the 
coil would be the same as that of a secondary winding consisting of induct­
ance and resistance in series. The coupled impedance of such a circuit 
will increase the effective resistance of the primary and reduce its effective 
reactance. It also indicates that losses of the coil circuit are increased by 
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an amount proportional to the resistance coupled into the primary by ihe 
secondary, which is actually the shield or nearby metal panel. 

Circuit with Untuned Primary and Tuned Secondary. The circuit shown 
in Fig. 12-28b differs from Fig. 12-28a in that a capacitor is used in place 

=1• =10 :JO 
(al- Circuit with 

un1uned secondCJry 
(b)-Untuned primary, 

tuned second Cl ry 
(c)-Tuned primary, 

tuned seconciClry 

Frn. 12-28.-Fundamental transformer-coupled circuits. 

of the resistor in the secondary circuit. The commonly used tuned-radio­
frequency amplifier circuit, or its equivalent circuit, is similar to this funda­
mental circuit. 

The secondary is similar to the series tuned circuit studied in Chap. XI. 
Its characteristics will be the same as those of the series tuned circuit. 
At resonant frequency the impedance will be at its minimum and the cur­
rent at its maximum. The impedance coupled into the primary will be 
large and will have a critical effect upon the primary current. At fre­
quencies above or below resonance the secondary impedance increases and 
its current decreases. The impedance coupled into the primary decreases, 
and the effect on the primary circuit is decreased. 

Circuit v:ith Tuned Primary and Tuned Secondary. This type of circuit 
(Fig. 12-28c) is used extensively in radio receivers. A common example of 
this circuit is the i-f amplifier of the superheterodyne receiver. This circuit 
is very useful for amplifiers because it can be designed to provide an approxi­
mately uniform secondary current response over the range of frequencies 
that arc normally applied to the primary. 

12-9. Band-pass Amplifier Circuits. Ideal Response Curve. The ideal 
resonance curve for the tuning or i-f circuits of an a-m broadcast receiver 
would be one having a flat top and very steep sides. The flat top should 
be approximately IO kilocycles wide. This band of IO kilocycles is not 
arbitrarily chosen but represents a five-kilocycle side band above and below 
the carrier frequency of any transmitting station. These side bands arc 
part of every modulated wave, and the amount its frequency varies from 
the transmitter's carrier frequency will depend on the frequency of the audio 
signal. The frequency of an audible signal will vary from 110 to more than 
10,000 cycles. However, most of the radio receivers in use today generally 
reproduce sounds only up to 5000 cycles. Although many of the larger 
broadcasting stations arc equipped to transmit all audio frequencies up to 
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10,000 cycles, they do not do so because of these frequency limits. The 
upper limit of most stations is between five and six kilocycles. The sharper 
the sides of the response curve, the more selective the receiver will be. 
Circuits possessing such characteristics are known as band-pass filters, 
band-pass amplifiers, or band-pass circuits. 

This ideal can be approached by the proper use of coupled circuits. A 
band-pass amplifier circuit consists of two resonant circuits tuned to the 
same frequency and coupled together (Fig. 12-29). The important char­

acteristic of this type of circuit is 
the manner in which the current in 
the secondary circuit varies with 
the frequency when a constant volt­
age is applied to the primary circuit. 
The amount of current flow in the 
secondary is directly proportional 
to the amount of coupling between 

FIG. 12-29.-Band-pass amplifier circuit. the two windings. The shape of the 
resonance curve will, therefore, be 

dependent on the coefficient of coupling and may be a narrow peaked curve, 
a flat-top curve, or a curve having two separate peaks with a hollow 
between them. 

Figure 12-30 illustrates the manner in which the current in the second­
ary of such a circuit varies with the amount of coupling for frequencies 
above and below its resonant frequency. When the coefficient of coupling 
is low, K = 0.01 for resonance at 500 kilocycles, the secondary current will 
he small, and the curve will be peaked. As the amount of coupling between 
the two circuits is increased, the amount of secondary current will increase 
and there will be a reduction in the sharpness of the peak, K = 0.015. 
With critical coupling K = 0.02, the maximum amount of secondary cur­
rent is obtained and the resonance curve will be comparatively flat at the 
top and will have steep sides. With tight coupling, the coupled impedance 
at resonance is large, thus reducing the primary current which in turn 
reduces the amount of voltage induced into the secondary, finally therefore, 
reducing the secondary current. This accounts for the decrease in second­
ary currents at resonance for coefficients of coupling greater than the 
critical value as indicated by the curves in Fig. 12-30. The reactancc 
coupled into the primary is inductive for frequencies below resonance and 
capacitive for frequencies above resonance. This reactance is opposite to 
that of the primary circuit and will therefore reduce the equivalent imped­
ance offered to the applied voltage. The primary current, and therefore 
the voltage induced into the secondary, will increase for frequencies off 



ART. 12-!l] BASIC ELECTJWNIC CIRCUITS 45!i 

resonance. \Vhen the coupling is tight, this action will introduce new 
resonant frequencies above and below resonance corresponding to the 
amount of secondary current. This accounts for the humps in the reso­
nance curves when the coupling is greater than the critical value. The 
current at these peaks is practically the same as the peak current with 
critical coupling. The spacing between these peaks is directly proportional 
to the coefficient of coupling. 

Width of Band I'ass. ..With critical coupling, the maximum possible 
transfer of energy to the secondary at the resonant frequency is obtained 
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Q) 
I.. 
L 

a 
>­
'­c:; 

"'CS 
C: 
0 
g 

(/) 

420 

K=Q08/"\ .. K=O.v,;, ;t·K~ao2 
""-I\ 'srv V\ /\ 

' \ I I 
\ ,-.~ I 

j \ /\ 
, 

I'-.. / I 

I t- -\\ \ 
I I I \ ' 
I J Iii ~\ 

I I /2 1; )\ ~ ~ 
I / ~ . V " ' ~" ~ ~i:=0.015 '-

/ V ~ ~ V .If=ap1-.. "' ~ 
440 460 480 500 520 

Frequency, kilocycles 

K~0.15 
/"'\I/ 

\ 
\ \ 
\ \ 

~ '\... \ 
r:::-:::: ~ ~ '--

540 560 580 

FIG. 12-30.-Curves showing the variation in secondary current with frequency for a band­
pass circuit. 

With tight coupling, a fairly constant secondary current and voltage can 
be obtained for a narrow band of frequencies. The width of this band, 
measured at 0.707 of the maximum response, is directly proportional to the 
coefficient of coupling and the resonant frequency of the tuned circuits. 
An approximate value of the width of this band can be obtained by the 
following equation: 

Width of band pass = K X fr 

where K = coefficient of coupling 
fr = resonant frequency of the tuned circuits 

(12-15) 

From this equation it can be seen that the larger the value of K, the wider 
the band pass will be. The coupled impedance will also increase with an 
increase in the amount of coupling, thus causing a decrease in the output 
current (sec Fig. 12-30). 
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Example 12-9. What is the approximate width of the frcguency band of a band­
pass filter circuit having a resonant frequency of 456 kilocycles and a coefficient of 
coupling of 0.02? 

Given: 

Solution: 

K = 0.02 
f, = 456 kc 

Find: 
Width of band pass = ? 

Width of band pass = K X f, 
= 0.02 X 456 
= 9.12 kc 
= 9120 cycles 

The most important properties of a band-pass circuit are the width of 
the band of frequencies it allows to pass and the uniformity of response 
within this hand. Referring to Fig. 12-:~o, it can he seen that when 
K = 0.02 the secondary current is fairly constant for a band of frequencies 
between 495 and 505 kilocycles. The response will, therefore, be uniform 
for this band of frequencies with a coefficient of coupling of 0.02 at 500 
kilocycles. As the coefficient of coupling is increased (/{ = 0.04, K = 0.08, 
K = 0.15), it can be seen that the band becomes "·ider and less uniform. 

The coefficient of coupling of band-pass circuits is usually of such a value 
that uniform response is obtained for a band of 10 kilocycles. The response 
should decrease rapidly for frequencies beyond these limits (see Fig. 12-30). 

The uniformity of response within a band pass of frequencies is depend­
ent on the circuit Q and the value of the coefficient of coupling. The 
equation for finding the amount of coupling required to produce maximum 
transfer of energy is usually expressed in terms of the primary and secondary 
Q as follows: 

where Kc = critical coupling 
QP = Q of the primary circuit 
Q. = Q of the secondary circuit 

vQlJ. = Q of the complete circuit 

(12-16) 

Figure 12-31 shows that if the circuit Q is too high, pronounced double 
humps occur; and if too low, the response curve is round instead of flat. 
Experiments have shown that the best value of Q is approximately .50 
per cent more than that required to produce critical coupling. Sub­
stituting this value in Eq. (12-16) and solving for the circuit Q, we have 

(12-17) 
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or (12-18) 

From Eq. (12-15) it can be seen thut the coefficient of coupling woul<l 
he equal to the width of the hand pass divided by the resonant frequency. 
As the width of the band pass is usually about 10 kilocycles and the resonant 
frequency ,rnuld generally be 175 kilocycles or more, the coefficient of 
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Fm. 12-31.-Characteristics of a band-pass amplifier circuit showing the effect of circuit Q 
on uniformity of response within the band being passed. 

coupling must therefore be less than 0.057. Substituting this value of K 
in Eq. (12-18), we obtain circuit Q's greater than 25. 

Example 12-10. A band-pass filter circuit is tuned to a resonant frequency of 
456 kilocycles. What values of circuit Q's are necessary to produce uniform response 
for an 8-kilocycle band? 

Solution: 

Given: 
Width of band pass = 8 kc 

f, = 456 kc 

K 
width of band pass 

fr 
8 

= - = 0.0175 
456 

2.25 
QpQ, = K' 

2.25 --- = 7346 
(0.0175) 2 

If QP = Q, , then 
Qp = y'7346 = 85.7 

Find: 
Qp =? 
Q, =? 
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12-10. Wide-band-pass Amplifier Circuits. Methqds Used to Obtain a 
Wi'de Band Pass. The width of the band of frequencies to be passed in 
the r-f and i-f amplifier circuits of f-m radio receivers and television re­
ceivers is much greater than that which can normally be obtained by the 

FIG, 12-32.-Yariable-coupling 
i-f transformer used to adjust 
the width of band pass. (Ilam­
marlund 1'f anufa/:turinu Com­
pany, Inc.) 

use of a tuned circuit consisting only of a ca­
pacitor and an inductor. In order to obtain a 
wide band pass, one or more of the following 
methods arc generally used: (1) decreasing the 
value of the circuit Q, (2) increasing the value 
of the coefficient of coupling, (3) stagger tuning. 

The value of circuit Q can be decreased by 
either adding resistance to the external circuit 
or by increasing the L/C ratio. Jn the first 
method a resistor is connected either in series 
or in parallel with the tuned circuit. As the 
addition of resistance to a tuned circuit will 
lower the value of circuit Q, the desired value 
can be obtained by adding the proper amount 
of resistance. The second method is based on 
the fact that the Q of a tuned circuit varies di­
rectly with the amount of capacitance in the 
circuit. Thus, by using a larger value of in­
ductance and a smaller value of capacitance, 
a lower value of Q is obtained. The effect of 
various values of Q on the width of band pass 
was discussed in Art. 11-6 and is illustrated in 
Fig. 11-5. 

Obtaining a wide band pass by increasing the value of the coefficient of 
coupling has been discussed in the preceding article. The relation between 
the coefficient of coupling and the width of the band pass is illustrated in 
Fig. 12-30 and can be seen by a study of Eq. (12-15). 

A ,vide band pass can also be obtained by stagger-tuning several stages 
of tuned amplifier circuits. In this method, each tuned circuit in the vari­
ous stages of amplification involved is tuned to a different value of fre­
quency, but all arc within the desired range of the band to be passed. In 
order to obtain the over-all characteristics desired, the Q of each circuit 
is adjusted to produce a certain amount of overlap. 

Band Pass in F-m Receivers and in the Sound Section of Television 
Receivers. The band pass in the i-f section of f-m broadcast receivers is 
150 kilocycles as compared with the 10-kilocycle band pass of the i-f section 
of a-m broadcast receivers. The sound section of television receivers is 
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frequency modulated and operates with a band pass of 100 kilocycles. 
The frequency of operation of the i-f section of f-m receivers is also much 
higher than the i-f section of a-m receivers, being of the order of 10.7 mega­
cycles for f-m receivers as compared with 45G kilocycles for a-m receivers 
(sec Fig. 12-33). The i-f value of the f-m soun<l section of a television 
receiver is of the or<ler of 25 megacycles. 

A wide band pass is obtained in f-m receivers by using either stagger 
tuning or overcoupled i-f transformers, the latter being the method most 

------l50kc-------

--75kc--+--75kc--
JOQ,-----,-----~--__,_--~r+-------

C 

g,601-----t----ll----l----l---+---4.----+-----1 

., 
0: 

0 ,.__ _ __._ __ _._ __ ..__ _ __. _______ ...J,_ __ ...__~ 

-200kc -ISOkc -JOOkc -SOkc O +SOkc +IOOkc +150kc +200kc 
Frequency 

FIG. 12-33.-A double peak i-f response curve for an f-m receiver. 

generally used. When ovcrcoupling is employed to obtain a wide band pass, 
three i-f transformers tuned to the same frequency are generally used. The 
first and third transformers are single-peaked and just under critical cou­
pling. The second transformer is ovcrcoupled to produce a double-peaked 
response curve (see Fig. 12-34). By applying Eq. (12-15), it can be seen 
that in order to produce a 150-kilocyclc band pass for an f-m receiver the 
coefficient of coupling would have to be of the order of 0.014. In order to 
produce a 100-kilocycle band pass as is employed in the f-m sound section 
of a television receiver, the coefficient of coupling would have to be of the 
order of 0.004 for an i-f value of 25 megacycles. 

Band Pass of the Video Section in Televis'ion Receivers. The over-all 
band pass of the video i-f section of a television receiver cannot be sym­
metrical because of the vestigial-side-band method of transmission. The 
ideal response curve for reception of this type of transmission is shown in 
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Fig. 12-35. The operating frequency of video i-f transformers generally 
ranges from 21 to 27 megacycles, and the width of its unsymmetrical 
band pass approximates four megacycles. The ideal response curve is diffi­
cult to obtain; however, by using various combinations of stagger tuning, 
a close approximation can be achieved. The combination used will vary 
with the designer. In general, three or more stages of tuned amplification 
are used. Each circuit may be tuned to a single frequency or may be over­
coupled to produce peaks at two (or more) frequencies within the desired 
range of the band pass. It is beyond the scope of this text to analyze each 
of the variations that may be used. An example of one of the combinations 

300,--~......--------.--,--~......, that may be used is illustrated in 
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FIG. 12-34.-Wide pass band for the i-f response 
curve in an f-m receiver obtained by use of an 
over-coupled i-f transformer_ 

Fig. l 2-36. In this combination, 
the first and third stages are over­
coupled and stagger-tuned to dif­
ferent values of frequency and 
the second stage is a single tuned 
circuit. From this figure it can 
be observed that the over-all 
response curve approximates the 
ideal response curve of Fig. 12-35. 

12-11. Delayed-action Cir­
cuits. Inductors or capacitors 
may be used in electric, radio, 
television, and electronic circuits 
to control the time required for 
the current or voltage to reach a 
certain value. The operation of 
these circuits is based on the time 
constant of the resistance-induct­
ance or the resistance-capaci­
tance combination. These cir­
cuits are generally referred to as 
R-L and R-C circuits. 

Time Constant of Resistance-inductance Circuits. Inductance, by defi­
nition (Art. 8-1), is the property of a circuit that opposes any change in 
the amount of current flowing in that circuit. The opposition to a change 
in the amount of current is caused by the induced voltage due to the self­
inductance of the circuit. This induced emf will be in a direction opposite 
to that of the impressed voltage whenever the current is increasing in 
amount and in the direction of the impressed voltage when the current is 
decreasing in amount. 

If an inductor, which may be considered as a resistance and inductance 
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in series, is connected to a d-c power source, a current will flow in the circuit. 
The amount of current that will flow will be its Ohm's law value, namely, 
the ,·oltagc applied to the circuit divided by the resistance of the circuit. 
In a circuit having only resistance (Fig. 12-37a), the current will rise to its 
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Fw. 12-35.-The ideal video i-f response curve for the reception of vestigial-side-band trans· 
mission of television signals. 
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Frn. 12-36.--Wide pass band for the i-f response curve in the video section of a television 
receiver obtained by use of both stagger tuning and over-coupled i-f transformers. 
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Ohm's law value practically instantaneously, as indicated in Fig. 12-37b. 
However, as the inductor has the effect of a resisfance and inductance 
connected in series (Fig. 12-38a) the current will require an appreciable 
amount of time to reach its Ohm's law value, as is shown in Fig. 12-38b. 

This is explained by the fact that, 
,.,,...,., ---~A 1------, for the current to reach its final t E ' value of five amperes, it must pro-

T 
R gressively pass through its lesser 

values such as one, two, three, and '"-------------~ {a) four amperes. Under these condi-

.,, 
t 1----1--+-t----+--+-t---+----+-+---t 
a. 

~ 1----1--+-t---+--+-t---+--+-+---t 
.._· 
C 1----1--+-t-----l--+-t---+----+-+---t f .... 
3 1---+--+-t---+--+-t---+---+-+---t 

0 .__....,___,__.___.___,__.....__.___,__..__ ..... 
0 Ti me, seconds 

<b) 
Fro. 12-37.-Characteristics of current vs. 
time for a circuit containing only resistance: 
(a) the circuit, (b) current vs. time charac­
teristics. 

tions, the current is changing in 
amount, and the circuit will have an 
emf induced in it owing to the self­
inductance of the circuit. This 
induced emf will oppose the im­
pressed voltage and thus will pre­
vent the current from reaching its 
Ohm's law value as long as the in­
duced emf is present. The current 
will, however, eventually reach its 
Ohm's law value, the time required 
to accomplish this depending upon 
the relative values of the inductance 

and resistance. The current increases in a manner indicated by the 
graph shown in Fig. 12-38b and will rise to 03.2 per cont of its final value 
in a period of time, expressed in seconds, equal to the inductance of the 
circuit divided by the resistance of the circuit. This is called the time 
constant of the circuit and is expressed mathematically as 

L 
t = Il (8-10) 

where t = time, seconds, for the current to reach 63.2 per cent of its final 
value 

L = inductance of the circuit, henries 
R = resistance of the circuit, ohms 

Example 12-11. An R-L circuit is used to control the time of closing a relay. 
The relay closes when the current reaches 63.2 per cent of its final value and the cir­
cuit resistance and inductance arc 12 ohms and 2.4 henrics, respectively. What is 
the time interval between the closing of the line.switch and the operation of the relay? 

Given: Find: 
R = 12 ohms t =? 
L = 2.4 henries 
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Solution: 

L 2.4 

R 12 
0.2 sec 

The time required for the current to reach values other than u3.2 per 
cent of the final value follows a curve known mathematically as an cxpo-
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<c) 
Fw. 12-38.-Characteristics of current and voltage vs. time for a circuit containing resistance 
and inductance: (a) the circuit, (b) current vs. time characteristics, (c) voltage vs. time 
characteristics. 

nential curve. The universal time-constant curves of Fig. 12-42 provide a 
simple means of finding the current at any instant of time. 

Further analysis of the R-L circuit will show that, when the current is 
increasing, the voltage drop across the resistance will increase at the same 



464 ESSENTIALS OF ELECTRICITY [ART. 12-11 

time rate as the current. This is so because the voltage drop across the 
resistance at any instant of time is equal to the product of the current and 
the resistance. Furthermore, as the sum of the voltages around the circuit 
must be equal to the applied voltage, the induced emf at any instant of 
time due to the inductance must be equal to the applied voltage less the 
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Fm. 12-39.- Characteristics of current and voltage vs. time: (a) the circuit, (b) current vs. 
time characteristics with the switch in position 2, (c) voltage vs. time characteristics with 
the switch in position 2. 

IR drop. Figure 12-38c shows the voltage characteristics of the circuit 
when the current is building up. 

The circuit shown in Fig. 12-39a is arranged so that the R-L circuit, 
may either be connected to the d-c power source or be connected so that 
the inductance will be short-circuited through the resistance. If the circuit 
is connected to the d-c power source, a current will flow in the circuit and 
"·ill rise to its Ohm's law value according to the current-time curve already 
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described. When a current is flowing in the circuit, enerµ;y is transferred 
to the magnetic field. If the switch (Fig. 12-3Ua) is changed from position 
1 to position 2, so that the inductance is disconnected from the pom·r 
source and then instantaneously short-circuited across the resistance, the 
energy in the collapsing magnetic field will induce a voltage in the turns 
of the coil and cause a current to flow in the circuit. The current will 
decrease as the energy is dissipated in the resistance. The rate at which 
the current decreases will depend upon the relative values of the inductance 
and the resistance. The current-time changes will also follow an expo­
nential curve but will be a descending curve. As the inductance is now 
actually in parallel with the resistance, the resistance voltage drop and the 
induced emf will be equal in value and will decrease according to an expo­
nential curve. The current-time characteristics are sho,Yn in Fig. 12-39b, 
and the voltage-time characteristics are shown in Fig. 12-39c. The time 
in seconds as determined by L divided by R now represents the time in 
which the current (and voltage) decreases G3.2 per cent; hence the current 
and voltage will drop to 36.8 per cent of their maximum values in L/ R 
seconds. The time required for the current and voltage to decrease to 
values other than 3G.8 per cent of their maximum values can be found by 
use of the universal exponential curves presented at the end of this article. 

Time Constant of Resistance-capacitance Circuits. Capacitance, by defi­
nition (Art. 9-1), is the property of a circuit that opposes any change in 
the amount of voltage. The opposition to a change in the voltage across 
a capacitor may be explained by the fact that in order to accomplish a 
change in voltage the number of electrons at the plates of the capacitor 
must be changed. This requires a passage of electrons from one plate of 
the capacitor to the other, and hence a current must flow before there can 
be a change in voltage. If the voltage across the capacitor is increased, 
electrons will flow from the positive plate to the negative; if the voltage 
across the capacitor is decreased, electrons will flow from the negative 
plate to the positive. In either case a current flow must precede a change 
in voltage at the plates of the capacitor. 

If a perfect capacitor, that is, one having no resistance, is connected 
t.o a d-c power source, a high current surge will flow instantly and will 
charge the capacitor. As the capacitor becomes charged almost instan­
taneously, the amount of current flow ,vill decrease rapidly. The capacitor 
will charge to the value of the impressed voltage, and the current flmv will 
diminish to zero practically instantaneously. 

If the capacitor or its circuit contains resistance in addition to the 
capacitance (Fig. 12-40a), the capacitor will become charged to the same 
value of voltage but will require a longer period of time to reach its final 
value. The voltage increases in a manner indicated by the graph shown 
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in Fig. 12-40b and will rise to G3.2 per cent of its final value in a period of 
time, expressed in seconds, equal to the product of the capacitance and 
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Fw. 12-40.-Characteristics of current and voltage vs. time for a circuit containing resistance 
and capacitance: (a) the circuit, (b) capacitor volts vs. time characteristics, (c) current and 
resistance volts vs. time characteristics. 

resistance of the circuit. This is called the time constant of the circuit and 
is expressed mathematically as 

t = CR (12-19) 

where t = time, seconds, for the voltage across the capacitor to reach 
63.2 per cent of its final value 

C = capacitance of the circuit, farads 
R = resistance of the circuit, ohms 
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Example 12-12. What is the time constant of an automatic-volume-control filter 
circuit that uses a 1.25-megohm resistor and a 0.25 microfarad capacitor? 

Solution: 

Given: 
R - 1.25 megohms 
C = 0.25 µf 

Find: 
t = ? 

t = CR = 0.25 X 10-s X 1.25 X 106 = 0.3125 sec 

The time required for the voltage to reach values other than 63.2 per 
cent of the final value follows an exponential curve. The universal time­
constant curves of Fig. 12-42 provide a simple means of finding the voltage 
at any instant of time. 
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Fm. 12-41.-Characteristics of current and voltage vs. time: (a) the circuit, (b) current vs. 
time characteristics with the switch in position 2, (c) voltage vs. time characteristics with 
the switch in positiou 2. 
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If the switch in the circuit of Fig. 12-41a is clos~d to position 1, the 
voltage and current characteristics of the circuit will conform to the 
voltage-time and current-time curves shown in Fig. 12-40. While a cur­
rent is flowing in the circuit, energy is being stored in the capacitor. If the 
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FrG. 12-42.-Universal time-constant curves. 

6 1 

switch (Fig. 12-41a) is changed from position 1 to position 2, the energy 
stored in the capacitor will cause a current to flow in the resistor and the 
capacitor will discharge through the resistor. At the instant of closing the 
switch the current will be at its highest value (Ohm's law value) and will 
decrease exponentially, as shown in Fig. 12-41b. The voltage across the 
capacitor and resistor will be equal in amount and will also decrease expo­
nentially with time, as is shown in Fig. 12-4lc. 

TABLE XII-I.-AscENDING CGRVE 

k Per cent of k Per cent of k Per cent of 
time maximum time maximum time maximum 

constants value constants value constants value 

0.00 0.000 0.70 50.3 2.50 91.8 
0.05 4.9 0.80 55.1 3.00 95.0 
0.10 9.5 0.90 59.3 3.50 97.0 
0.15 14.0 1.00 63.3 4.00 98.2 
0.20 18.1 1.20 69.9 4.50 98.9 
0.30 25.9 1.40 75.3 5.00 99.3 
0.40 33.0 1.60 79.8 5.50 99.6 
0.50 39.3 1.80 83.5 6.00 99.8 
0.60 45.1 2.00 86.5 7.00 99.9 
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Universal Time-constant Curves. The time required for the current of 
an R-L circuit or the voltage across the capacitor of an U-C circuit to 
reach values other than 63.2 per cent of their final valt1es may be deter­
mined mathematically by use of suitable equations. The mathematics 

TABLE XII-II.-DEsCE:S.-DIXG Cenn; 

k Per ~ent of If k Per cent of k Per cent of 
time maxnnum time maximum time maximum 

constants value constants value constants value 
-------- ~·---

0.00 100 0.70 49.7 2.50 8.2 
0.05 95.1 0.80 44.9 3.00 5.0 
0.10 90.5 0.90 40.7 3.50 3.0 
0.15 86.0 1.00 36.8 4.00 1.8 
0.20 81.9 1.20 30.1 4.50 1.1 
0.30 74.1 1.40 24.7 5.00 0.7 
0.40 67.0 1.60 20.2 5.50 0.4 
0.50 60.7 1.80 16.5 6.00 0.2 
0.60 54.9 2.00 13.5 7.00 0.1 

involved is beyond the scope planned for this text. A shorter and more 
convenient method of determining the time required to attain any per­
centage of the final value is by use of time-constant curves. As all the 
current-time and voltage-time relations vary exponentially, it is possible 
to represent these variations by the two general exponential curves shown 
in Fig. 12-42. These curves arc plotted from values obtained mathemati­
cally and listed in Tables XII-I an<l XII-IL 

Example 12-13. An R-L circuit used to control the action of a switch has a 
resistance of 12 ohms and an inductance of 0.5 henry and is connected to a six-volt 
battery. (a) If the switch operates when the current attains 63.2 per cent of its 
final value, what time is required to operate the switch? (b) If the switch requires 
400 milliamperes to operate, what is the time between the start of current flow and 
the closing of the switch? 

Solution: 

L 
(a) t = -

R 

Given: 
R = 12 ohms 
L = 0.5 henry 

0.5 -- = 0.0416 sec 
12 

E 
(b) 11aximum current value = 

R 

6 
- = 0.5 amp 
12 

Find: 
(a) t = ? 
(b) t = ? 

400 
Per cent of maximum current required to operate the switch = X 100 

500 
= 80 per cent 
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From curve, Fig. 12-42, k = 1.6 

L 1.6 X 0.5 
t = k- = --- = 0.0666sec 

R 12 
Example 12-14. A 0.005-microfarad capacitor and a two-megohm resistor are 

connected to form an R-C circuit. If the R-C combination is connected to a 300-volt 
source of d-c power, what time is required for the voltage across the capacitor to 
reach (a) 100 volts, (b) 200 volts, (c) 270 volts? If the capacitor becomes fully charged 
(300 volts) and is then discharged through the two-megohm resistor, what time is 
required to discharge the capacitor to (d) 250 volts, (e) 200 volts, (f) 110 volts, (g) 
50 volts? 

Solution: 

(a) 

(b) 

(c) 

(d) 

(e) 

(J) 

(g) 

Given: 
R = 2 megohms 
C = 0.005 µf 

Find: 
t = ? 

100 
Per cent of maximum value = 

300 
X 100 = 33.3 per cent 

k (from Fig. 12-42) = 0.40 
t = kCR = 0.40 X 0.005 X 10-6 X 2 X 106 = 0.004 sec 

. 200 
Per cent of maximum value = 

300 
X 100 = 66.6 per cent 

k (from Fig. 12-42) = 1.1 
t = kCR = 1.1 X 0.005 X 10-6 X 2 X 106 = 0.011 sec 

270 
Per cent of maximum value = 

300 
X 100 = 90 per cent 

k (from Fig. 12-42) = 2.27 
t = kCR = 2.27 X 0.005 X 10-6 X 2 X 106 = 0.0227 sec 

250 
Per cent of maximum value = 

300 
X 100 = 83.3 per cent 

k (from Fig. 12-42) = 0.19 
t = kCR = 0.19 X 0.005 X 10-6 X 2 X 106 = 0.0019 sec 

200 
Per cent of maximum value = - X 100 = 66.6 per cent 

300 
k = (from Fig. 12-42) = 0.40 
t = kCR = 0.40 X 0.005 X 10-6 X 2 X 106 = 0.004 sec 

Per cent of maximum value = llO X 100 = 36.6 per cent 
300 

k = (from Fig. 12-42) "" 1 
t = kCR = l X 0.005 X 10-6 X 2 X 106 = 0.Ql sec 

Per cent of maximum value = 50 
X 100 = 16.6 per cent 

300 
k = (from Fig. 12-42) = 1.8 
t = kCR = 1.8 X 0.005 X 10-6 X 2 X 106 = 0.Q18 sec 

Uses of Delayed Action Cfrcuits. There are numerous applications of 
R-C and R-L circuits both in radio and in industrial electronics. A few 
of the applications are as follows. 
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A grid-leak detector circuit uses a capacitor and a re::;istor conncctecl 
in parallel in the grid circuit of the detector tube. Actually this R-U 
combination is a time-constant circuit, and the values of R and C are 
chosen to produce a time constant of sufficient duration so that the charge 
on the capacitor gained during the positive half cycles docs not have time 
to completely discharge through the resistor <luring the negative half 
cycles. Other examples of time-constant circuits in radio apparatus include 
automatic volume control, relaxation oscillator, and trigger circuits. 

Industrial applications of time-constant circuits include controlling the 
length of time for a specific manufacturing operation, timing of electric 
welders, timing the exposure of photofinishing processes, timing of instru­
ments, producing repeated action for life tests, and motor control. 

The electrical principles presented in this text provide the necessary 
background for the study of radio, television, and electronic circuits as 
presented in the authors' Essentials of Radio. 
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QUESTIONS 

1. (a) What i~ meant by the stray efiects of inductors, capacitors, and resistors? 
(b) How is each of the circuit elements affected by the stray effects? 

2. Why is it necessary to have filter circuits in a radio receiver? 
3. (a) What are the essential parts of a filter circuit? (b) Explain the action of 

each part. 
4. Explain the purpose of using each of the following units in a filter circuit: 

(a) capacitor, (b) inductor, (c) resistor, (d) series resonant circuit, (e) parallel 
resonant circuit. 

5. (a) What is meant by a low-pass filter circuit? (b) Draw a simple circuit, 
and explain its action. 
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6. (a) What is meant by a high-pass filter circuit? (b)_ Draw a simple circuit, 
and explain its action. 

7. (a) What is meant by a band-pass filter circuit? (b) Draw a simple circuit, 
and explain its action. 

8. (a) What is meant by a band-stop filter circuit? (b) Draw a simple circuit, 
and explain its action. 

9. Why is it necessary to use multiscction filter circuits? 
10. What is meant by (a) T-type filter? (b) ,r-type filter? 
11. Draw a circuit diagram of one section of a T-type filter circuit for (a) low 

pass, (b) high pass, (c) band pass, (d) band stop. 
12. Draw a circuit diagram of a two-section T-type filter circuit for (a) low pass, 

(b) high pass. 
13. When two or more T-typc low-pass filter circuits are joined, why should the 

connecting inductor have a value of twice the inductance of either of the end induc­
tors? 

14. When two or more T-type high-pass filter circuits arc joined, why should 
the connecting capacitor have a value of one-half the capacitance of either of the 
end capacitors? 

16. Draw a circuit diagram of one section of a ,r-type filter circuit for (a) low 
pass, (b) high pass, (c) band pass, (d) band stop. 

16. Draw a circuit diagram of a two section ,r-type filter circuit for (a) low pass 
(b) high pass. 

17. When two or more ,r-type low-pass filter circuits are joined, why should the 
connecting capacitor have a value of twice the capacitance of either end capacitor? 

18. When two or more 1r-typc high-pass filter circuits arc joined, why should the 
connecting inductor have a value of one-half the inductance of either end inductor? 

19. What is meant by the following terms: (a) Source impedance? (b) Load 
impedance? (c) Image impedance? (d) Characteristic impedance? 

20. What is meant by (a) m-derived filter? (b) Shunt-derived? (c) Series-
derived? 

21. Explain how a resistor and a capacitor combine to form a filter circuit. 
22. Why is it necessary to couple circuits? 
23. What is meant by the coupling clement? 
24. What is meant by (a) simple coupled circuit? (b) Complex coupled circuit? 
26. Draw the circuit diagram and explain the action of four simple coupling 

circuits using a different coupling element for each. 
26. Draw the circuit diagram and explain the action of three complex coupling 

circuits using a different coupling clement for each. 
27. What is the general purpose for using complex circuits? 
28. What is the important factor to remember about the coupling element? 
29. Explain what is meant by (a) critical coupling, (b) loose coupling, (c) tight 

coupling. 
30. Where is each term of Question 29 used? 
31. What type of coupling is generally used to couple circuits in a radio receiver? 
32. Explain what is meant by coupled impedance. 
33. How docs the amount of coupled impedance affect the primary impedance? 
34. How does the coupled impedance vary with the amount of coupling? 
36. Why is a 10-kc band ordinarily used in band-pass circuits? 
36. Where are band-pass amplifier circuits used? 
37. Explain the relation between the width of band passed and the amount of 

coupling. 
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38. Explain the effect on secondary current of two resonant circuits coupled by 
means of a transformer with (a) critical coupling, (b) tight ·coupling, (c) loose cou­
pling. 

39. What are the important properties of a band-pass circuit? 
40. How does the amount of circuit Q affect the uniformity of response? 
41. l\ame and explain three methods of obtaining a wide band pass. 
42. What is the width of the band pass in (a) the i-f section of f-m receivers? 

(b) The i-f sound section of television receivers? (c) The i-f video section of tele­
vision receivers? 

43. What is the frequency of operation of (a) the"i-f section of f-m receivers? 
(b) The i-f sound section of television receivers? (c) The i-f video section of tele­
vision receivers? 

44. Kame and describe the method generally used for obtaining a wide band pass 
in the i-f section of an f-m receiver. 

45. Describe how the unsymmetrical wide band pass required by the i-f video 
section of a television receiver is obtained. 

46. What is the essential purpose of time-delay circuits? 
47. Explain the operation of a delayed-action (a) R-L circuit, (b) R-C circuit. 
48. What is meant by the time constant of a delayed-action (a) R-L circuit, 

(b) R-C circuit? 
49. (a) What is the purpose of the universal time-constant curves? (b) How 

are they used in the solution of time-delay circuits? 
50. (a) Kame four applications of time-delay circuits. (b) Explain the circuit 

actions of one of these applications. 

PROBLEMS 

1. A 2500-ohm 50-watt resistor has an inductance of 3 µh. What is the impedance 
of this resistor at the broadcast frequencies of (a) 500 kc? (b) 1500 kc? 

2. If the resistor of Prob. I is used in a short-wave receiver, what is its impedance 
at (a) 4 me? (b) 15 me? 

3. If the resistor of Prob. 1 is used in an f-m receiver, what is its impedance at 
(a) 88 me? • (b) 108 me? 

4. If the resistor of Prob. 1 is used in a television receiver, what is its impedance 
at (a) 60 me? (b) 216 me? 

5. An r-f plate choke used in a broadcast receiver has an inductance of 2.5 mh 
and a resistance of 70 ohms. What is its impedance at (a) 550 kc? (b) 1450 kc? 

6. If the inductor of Prob. 5 is used in the i-f circuit of an f-m or television re­
ceiver, what is its impedance at (a) lQ.7 me? (b) 26.4 me? 

7. An 8-µf capacitor has a resistance of 60 ohms. What is its impedance at (a) 
60 cycles? (b) 120 cycles? 

8. It is desired that a filter choke, having a resistance of 45 ohms, oppose the 
flow of a 60-cycle current with 10 times the opposition that it offers to direct current. 
What is the inductance of the coil? 

9. (a) To which type of current will a 0.04-µf capacitor offer the greater opposi­
tion, a 4000-cycle a-f signal or a 1500-kc r-f signal? (b) How many times greater 
is the larger impedance than the smaller impedance? (c) Which type of current is 
blocked by this capacitor? 

10. A 10-mh choke and a 250-µµf capacitor are connected, as shown in Fig. 12-7c, 
to form a low-pass filter circuit. What opposition is offered by the capacitor (a) 
to the highest frequency audio signal usually obtained in a radio receiver (5000 
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cycles)? (b) To the lowest frequency carrier wave usually obtained in a radio re­
ceiver (500 kc)? What opposition is· offered by the inductor to (c) A 5000-cycle 
signal? (d) A 500-kc signal? 

11. A 4-henry choke coil and a 0.4-µf capacitor are connected as shown in Fig. 
12-9c to form a high-pass filter circuit. \\'hat opposition is offered by the capacitor 
(a) to 60 cycles (power disturbances)? (b) To a 1200-cycle a-f signal? What opposi­
tion is offered by the inductor (c) to 60 cycles? (d) To 1200 cycles? 

12. A resistor and a capacitor are connected as shown in Fig. 12-22. The resistor 
has a value of 5000 ohms, and the capacitor has a value of0.5µf. (a) What impedance 
does this capacitor offer to a 5000-cycle current? (b) Which path will the 5000-cycle 
current take? 

13. A circuit similar to the one shown in Fig. 12-22a is to be used in the r-f stage 
of a receiver. It is desired that the capacitor offer an impedance of 100 times that 
of the resistor whose value is 6500 ohms. What size capacitor is required if the signal 
is 1500 kc? 

14. A circuit similar to the one shown in Fig. 12-22b has the following values: 
the resistor has 7200 ohms, and the capacitor has a value of 20 µf. (a) What im­
pedance does the capacitor offer to a 5000-cycle current? (b) Will the a-f signal flow 
through the resistor or the capacitor? 

15. What value of inductance is required in a 27.6-mc trap of a television video 
i-f circuit if the capacitor used has a value of 12 µµf? 

16. What value of inductance is required in a 20.6-mc trap of a television video 
i-f circuit if the capacitor used has a value of 24 µµf? 

17. What is the approximate width of the frequency band passed by a band-pass 
amplifier circuit having a resonant frequency of 260 kc and a coefficient of coupling 
of 0.038? 

18. What is the approximate width of the frequency band passed by a band-pass 
amplifier circuit having a resonant frequency of 465 kc and a coefficient of coupling 
of 0.02? 

19. What coefficient of coupling is required to produce a 150-kc band pass at an 
operating frequency of (a) 8.3 me? (b) 9 me? 

20. What coefficient of coupling is required to produce a 100-kc ban°d pass at an 
operating frequency of (a) 21.5 me? (b) 26.25 me? 

21. It is desired that a band-pass amplifier circuit having a resonant frequency 
of 460 kc pass a band of frequencies 8 kc wide. What value of coefficient of coupling 
is required? 

22. It is necessary that the critical coupling of an inductance-coupled band-pass 
circuit be equal to 0.008. If the circuit Q of the primary and secondary circuit are 
equal to each other, what is their value? 

23. What is the resonant frequency of the circuit in Prob. 22 if the band passed 
is to be 10 kc wide? 

24. A band-pass filter to be used in the i-f amplifier circuit of an a-m broadcast 
radio receiver must pass a band 10 kc wide centering about a frequency of 465 kc. 
(a) What is the coefficient of coupling? (b) What is the circuit Q? 

25. What is the capacitance of the tuning capacitors usedjn Prob. 24 if the pri­
mary and secondary inductances are both 2 mh? 

26. The tuning capacitors used in the band-pass circuit of Prob. 17 have a capac­
itance of 35 µµf. (a) What is the value of the inductance of the primary and sec­
ondary circuits? (b) What is their value of Q? 

27. What would be the value of the inductance in Prob.17 if the tuning capacitors 
have .a capacitance of 70 µµf? 
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28. It is desired that a band-pass circuit used in the i-f amplifier of an a-rn broad­
cast radio receiver pass a band 10 kc wide. The circuit Q is equal to 68.5. (a} \\'hat 
value of coefficient of coupling is rcqui red? (b) \\'hat are the extreme limits of t lw 
frequency band passed? 

29. The primary and secondary inductances in Prob. 28 are both 4 mh. \\'hat 
is the capacitance of the tuning capacitors? 

30. It is desired that a band-pass circuit used in the i-f amplifier of an a-m broad­
cast radio receiver pass a band IO kc wide. The Q of the circuit is equal to -10. (a) 
What value of coefficient of coupling is required? (b) What arc the extreme limits 
of the frequency band passed? (c) What is the capacitance of the tuning capacitors 
if the inductance of the primary and secondary windings arc 6 mh each? 

31. A low-current d-c relay that has an inductance of 25 henrics is connected in 
series v.ith a IOOO-ohm resistor to form an R-L time-delay control circuit operated 
on a 110-volt d-c circuit. (a) What is the time constant of the circuit? (b) If the 
relay closes when the current is 88 ma, what time elapses between closing the line 
switch and operation of the relay? 

32. A low-current d-c relay having an inductance of IO henries is to close 0.02 
sec after the line switch is closed. What value of resistor should be connected in 
series with the relay if it closes when the current reaches (a) 63.2 per cent of its final 
value? (b) 80 per cent of its final value? 

33. An a-m broadcast band receiver is to have an R-C circuit with a time constant 
of 0.2 sec for its ave circuit. (a) What value resistor is required if a 0.I-µf capacitor 
is used? (b) What value resistor is required if a 0.I5-µf capacitor is used? (c) 
What value capacitor is required if a I-megohm resistor is used? 

34. A grid-leak detector circuit contains a 250-µµf capacitor, shunted by a I-meg­
ohm resistor. (a) What is the time constant of this circuit? (b) If the highest a-f 
signal to be applied to the circuit is 5000 cycles, what is the time required to com­
plete one of these cycles? (c) Under the conditions of (a) and (b) will the capac­
itor ever become completely discharged? (d) Explain answer to (c)? 

36. A 0.05-µf capacitor and a 0.5-megohm resistor arc connected to form an 
R-C circuit. The R-C combination is connected to a 250-volt d-c source. (a) What 
time is required for the voltage across the capacitor to reach 50 volts, 100 volts, 200 
volts? (b) What current flows when the switch is closed? (c) What current flows 
when the voltage across the capacitor reaches 200 volts? (d) If the capacitor is 
fully charged and is then discharged through the 0.5-megohm resistor, what is the 
current at the instant it starts to discharge? (e) What is the value of the voltage 
RC seconds after the capacitor starts to discharge? (f) At what time will the capaci­
tor be discharged to half voltage? 

36. What is the time constant of an R-C circuit in the sweep section of a television 
receiver if the value of the resistor is 2.2 megohms and the value of the capacitor is 
0.05 µf? 

37. What is the time constant of an R-C circuit in the vertical deflection circuit 
of a television receiver if the value of the resistor is 470,000 ohms and the value of 
the capacitor is 0.1 µf? 

38. What is the time constant of an R-C circuit in the horizontal deflection 
circuit of a television receiver if the value of the resistor is 680,000 ohms and the 
value of the capacitor is 820 µµf? 
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DRAWING SYMBOLS USED IN ELECTRONICS 

Antenna. 

Coil or loop antenna. 

Doublet antenna. 

Orovnc/w;re. 
(/6orl88f!S 

gage wire) 
Ground 

© ··clamp 

··Neares-1 wafer pipe 
orgro1.md 

Ground. 

Counterpoise. 
(Body of car forms a counterpoise.) 

Battery cell. 
(Positive terminal indicated by a long line.) 

~1/l[F-
Battery. 

0 
Ammeter. 
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--0 

Binding post. 

Milliammeter. 

Line ph1g. 

® 
Voltmeter. Fuse. 

Key . 

Frequency meter or wave meter. ...._n _vr<>_L-¢_0 

Closed circuit jack. 

+H •--~--o 
Open circuit jack. 

Conductors not joined. 

r ..... . .. r... . .... 

++ 
Conductors joined. Multiple circuit jaok. 
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00~ 00 ~ 
0 f_~~-10•0 

Single-pole single-throw switch, 
Multiple-deck circuit-selector switch 

Fixed resistor. 
0-

Single-pole double-throw switch. 

Adjustable resistor. 

;~-~ rr[J~ 
Double-pole double-throw switch 

0 

0 

Double-pole double-throw 
reversing switch, 

Single-deck circuit-selector switch. 

Rheostat, 

Potentiometer. 

4itl 
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--@-- i 
Ballast resistor. 

Thermo element. 

Inductor, air-core. 

Inductor, iron-core, 

Variable inductor. 
(Variometer .) 

][ 
Transformer, air-core. 

Transformer with variable coupling. 
(Variocoupler with the moving coil 

indicated.) 

E 
ltl~]L 

Adjustable inductor. 
Three-circuit tuner. 

][ 
Tapped inductor, Transformer, iron-core, 



Al'l'RNJ)]S: I 

Push-pull transformer. 

Power transformer. 

Variable-core transformer. 

Relay; circuit A open when decnergizcd. 

Relay; circuits B1 and B2 closed when 
deenergized. 

Fixed capacitor. 
(Paper, mica, or oil.) 

Electrolytic capacitor. 

Variable capacitor. 

* Adjustable capacitor. 
(Trimmer.) 

Adjustable capacitor. 
(Padder.) 

Split-stator variable capacitor. 

·IXI 
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*** L ___ _J ___ _J 

Ganged variable capacitors. 
:rvrechanical linkage. 

Q racsrv-
coaxial cable. 

Twin coaxial cable. 

Shielded cable. 

Shielded coil. 

r--7 
I I 

+w+ 
I I L __ _j 

Shielded capacitor. 

Earphones. 

Permanent-magnet dynamic speaker. 

Dynamic speaker. 

Magnetic phonograph-pickup. 

Crystal phonograph-pickup, 
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==CJ 
Single-button carbon microphone. 

Double-button carbon microphone. 

Crystal microphone. 

Velocity microphone. 
(Ribbon.) 

Dynamic microphone. 
(Moving coil.) 

Crystal detector. 

Crystal. 

Contact rectifier, half-wave. 

D·C 

• 
a-c 

Contact rectifier. full-wave. 

Vibrator, nonsynchronous. 
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Vibrator, synchronous. 

DC motor or generator. 

AC motor or generator. 
(Single phase.) 

A-C voltage source. 

Link coupling. 

Pilot lamp. 

Neon lamp. 

Photo tube. 

Cold cathode triode. 
(Gaseous.) 

Volta.ge regulator, cold cathode. 
(Gaseous.) 
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Half-wave rectifier, 
directly heated cathode. 

:Full-wave rectifier, 
directly heated cathode. 

Half-wave rectifier 
indirectly heated eath:xie. 

Full-wave rectifier 
indirectly heated cath~de. 

Triode, directly heated cathode. 

Triode, indirectly heated cathode. 

~ 
~ 

Tetrode, directly heated cathode. 

~ w 
Tetrode, indirectly heated cathode. 

Pentode, indirectly heated cathode. 

Duplex-diode triode. 

~ w 
Beam-power amplifier. 

485 
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Electron-ray indicator tube. 

~ 
~ 

Cathode-ray tube, 
electrostatic-deflection type. 

Cathode-ray tube, 
electromagnetic-deflection type. 

~ 
'ifr 

Cathode-ray tube. 
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SYMBOLS AND ABBREVIATIONS USED IN ELECTRONICS 

Term Symbol 

Ampere (also sec Current) ............... . I 
,\lilliampere. . .................... . 
Microampere.. . .................... . 
Ampere-turn... . .................... . NI 

American Wire Gauge ........................... . 
Amplitude-modulated ............................ . 
Angle ................ - - - - - - - - - - - - - - - . - - - - - - • - - - - • - L 

Phase angle .................................... - O (theta) 
Antenna ..................... - ....... - - - - - - - - -
Apparent power (also see Volt-amperes) .......... . VA 
Area .............. - - - - - - - - - - • - - - - - - - · - - - · - - · · · · · · · 

Circular mils ................................... . 
Square centimeters.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 
Square inches................................... . ........ . 

Capacitance ................................... - - . - ......... . 
Capacitor ............................. - - . - - - - - - - - -
Conductance .................................. - - - . G 
Constant, dielectric............................... K 
Cosine .............................................. . 
Coulomb .................................... - . - - - . q 
Coupling, coefficient............................... K 
Current........................................... I 

Alternating ................................... . 
Average value ............................... - -
Direct ............. - ..... - . - - - - - - - - • • - · · · - · - · · · -
Effective value ............................ - - - - -
Instantaneous value ......................... - .. 
l\laximum value .............................. -
Signal ............................ - . - - - - - - - - - - • 

Cycles ........................... - . - . - - - - • - - - - - - • -
Per second (also sec Frequency) ................ -
Kilocycle ................................... - - - -
;\fogaeyclc ..................................... . 

Decibel. ................... - - - . - - - . - - - - • • - • - • • - · · -
Density, flux .................................. - .. -
Diameter ................ - . - . - - - - - - • • - - - - · · · · · · · · · 
Distance ................... - . - - - - - - - - • - • • • · -
Efficiency ................... - - - - - - - - • • • • - - · · · 
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/!\ve 

I 

/max 

i 

db 
B 
d 
d 

Abbreviation 

a or amp 
ma 
µa 
A-T 
AWG 
a-m 

ant 
A-P 
A 
cm or cir mils 
sq cm 
sq in 
C 
C 

cos 

a-c or A-C 

d-c or D-C 

C 

c/scc 
kc 
me 
db 

d or diam 

eff 
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Term 

Electromotive force ........... . 
Electrostatic unit ................................ . 
Energy .......................................... . 
Farad ............................................ . 

;.\licrofarad ..................................... . 
Micromicrofarad ............................... . 

Flux, magnetic ................................... . 
Density .. 

Force ................................. , . . . . . . . .. . 
l\lagnetomotive ............. , .................. . 

Frequency ....................................... . 
Audio .......................................... . 
Intermediate ........................... , ....... . 
i\Iodulatiun .................................... . 
Radio .......................................... . 
Resonance ..................................... . 
Ultrahigh ................................ . 

Gausses (magnetic induction) .................... . 
Gilbert (unit of magnetomotive force) ............ . 
Ground .......................................... . 
Henry (unit of inductance) ....................... . 

l\Iillihcnry ..................................... . 
i\Iicrohenry .................................... . 

Impedance ............ .' .......................... . 
Inductance, self- ................................. . 

i\lutual. ....................................... . 
Intensity, magnetic field ......................... . 
Kilo ............................. ··.··.········,·· 
Length ........................................... . 
::\Iaxwell ( one magnetic line) ...................... . 
::\1egohm ......................................... . 
::\Ictcr (measure of length) ........................ . 

Centimeter ..................................... . 
i\lillimcter ..................................... . 

Oersted (unit of magnetic intensity) .............. . 
Ohm ............................................. . 
Permeability ..................................... . 
Permeance ....................................... . 
Pi .............................................. . 
Pole, North seeking .............................. . 

South seeking .................................. . 
Power ........................................... . 
Power factor ........................ , ............ . 
Primary .................... , .................... . 
Reactance ....................................... . 

Inductive ...................................... . 
Capacitive ..................................... . 

Symbol 

E 

w 

ef, 
B 
F 

f 

fr 

B 
F 

L 

z 
L 
M 
H 

H 
nor w 

µ 
(P 

1r (3.1416) 
N 
s 

p 
X 
XL 
Xe 

Abbreviation 

emf or EMF 
CSU 

en 
f 
µf 

µµf 

mmf 

a-f 
i-f 
f-m 
r-f 

uhf 

gnd 
h 
mh 
µh 

k 

m 
cm 
mm 

p or P 
P-F 
p or pri 
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Term 

Reluctance ................................. . 
Resistance ....................................... . 
Root mean square ................................ . 
Secondary ....................................... . 
Sine ........................ •••••••••••••••••••••• 
Switch ........................................... . 

Single-pole single-throw ........................ . 
Single-pole double-throw ....................... . 
Double-pole single-throw ....................... . 
Double-pole double-throw ...................... . 
Three deck, four circuit, eight positions ........ . 

Temperature, coefficient .......................... . 
Degrees centigrade ............................. . 
Degrees Fahrenheit ............................ . 

Thickness ........................................ . 
Time ............................................ . 
Turns, number of. ............................... . 
Volt ............................... ··············· 

Kilovolt ....................................... . 
:.Iillivolt ....................................... . 
:.Iicrovolt ...................................... . 

Voltage ........................................... . 
Average value .................................. . 
Effective value ................................. . 
Instantaneous value ............................ . 
:.Iaximum value ................................ . 
Signal ......................................... . 

Volt-ampere ..................................... . 
Kilo vol t-ampcre ................................ . 

Watt ......................................... . 
Kilowatt ....................................... . 
Kilowatt-hours ................................. . 
:.Iilliwatt ...................................... . 
:\Iicrowatt ..................................... . 

Wave, continuous ................................ . 
Wavelength ...................................... . 
Wire, single-cotton-covered ....................... . 

Double-cotton-covered ......................... . 
Single-silk-covered ............................. . 
Double-silk-covered ............................ . 
Enamel, single-cotton-covered ................... . 
Enamel, double-silk-covered ........ . 

Symbol 

en 
Il or r 

s 

Tc oc 
op 

t 
tor T 

N 
E 

E 
Eave 

E 
ee 

Emax 

e 
VA 

KVA 
Wor P 
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Abbreviation 

resis 
rms 
sec 
sin 
SW 

spst 
spelt 
dpst 
dpdt 
3D-4C-8P 

V 

kv 
mv 
µV 

v-a or V-A 
kva 
w 
kw 
kwhr or kwh 
mw 
p.W 

c-w 

sec 
dee 
SSC 

dsc 
escc 
cdsc 
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FORMULAS COMMONLY USED IN ELECTRONICS 

~ OTE: The numbers appearing opposite the equations correspond to the numbers 
of the same equations in the text or to the equations from which they were derived. 
These numbers are included to facilitate reference to figures, text, and nomenclature 
when such reference is desirable. 

DIRECT CURRENT 

Ohm's Law 

Voltage (2-6), (2-12), (2-13) 

Current (2-5), (2-12), (2-14) 

E P E 2 

Resistance = - = - = -
I 12 p 

(2-7), (2-14), (2-13) 

Power 
E2 

=EI= l 2R = -
R 

(2-12), (2-14), (2-13) 

Energy 
w . w 

= PT· power=-· time = -
' T' p 

Series Circuit 

:------------------Er------------· -------1 
I I 
I I 
I. I 
I I 
I I 

Ij 

' I 
I I 

L-----------------Rr------------------J 
Fro. A-1. 

Rr = r, + r2 + T3 , etc. 
r, = Rr - (r2 + Ta , etc.) 

Er = e, + e2 + ea, etc. 
e2 = Er - (e, + ea, etc.) 
Ir = i, = i2 = ia , etc. 
Pr = Pi + P2 + Pa , etc. 
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(2-15) 

(4-9) 
(4-9) 
(4-8) 
(4-8) 
(4-7) 

(4-10) 
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Parallel Circuits 

Two resistors in parallel 

I 
I 
I 

RT ET e1 1j 
I I 
I I 

I I 

I I 

I I 

I L---

FIG. A-2. 

RT= -
1
- =~ 

1 1 Tt + T2 -+-
T1 T2 

RTTt 
T2 = --­

T1 -RT 

Any number of resistors in parallel 

Ir 
,--- iL ,----

I 
I I I I 
I I 

Rr E:r e1 I} e2 
i I 
I I 
I I 
I I 
L, ___ I 

L---

FIG. A-3. 

RT -
1 1 1 - + _, + - , etc. 
r1 r2 ra 

r2 

ET = e1 = e2 = ea, etc. 
IT = i1 + i2 + ia , etc. 
ia = IT - (ii + i2, etc.) 

PT = Pi + P2 + Pa , etc. 

ALTERNATING CURRENT 
Ohm's Law 

p 
Voltage = IZ = -­

I P-F 
E p 

Current = - = -·-z EP-F 

E R 
Impedance = - = - = v'R2 + (XL - X c) 2 

I P-F 

Power = EI P-F = l 2R 
p R 

Power factor = - = - = cos (J 
EI Z 

Energy= PT 

e2 
I 
I 
I 
I 
L--

r--
I 
I 
I 

e3 
I 
I 
I 
I 
I 
L--

i3 

~ 
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(4-14a) 

(4-14b) 

(4-14) 

(4-13) 
(4-12) 
(4-12) 
(4-10) 

(8-9), (10-3) 

(8-9) , (10-3) 

(8-9), (10-5), (10-1) 

(10-3), (2-14) 

(10-3), (10-5) 

(2-15) 
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R XL 
-----.--/I/INN' '00000''-----.-----~ ❖ '------------- z -------------J 

Resistance and inductive readance 

R Xe 
------,1-~VI/I/\/I/\, 11----.--------

, I L------------z ___________ , 

Resistcmce and capacitive reacfcince 

R Xz, Xe 
--.-----IW0N~-~' 00000' 1-----r---+ ~ I '----------------Z ----------- __________ J 

Resistonce, inductive reactonce and capacitive readance 

R1 XL1 R2 Xc1 R3 XL2 R4 Xc2 
~-sNV\J\~ ~=v-~~r-=-r--

1 I '--------------------------- z - __________________ J 

An'J combination of resistonces,induct1ve reClctances and capacitive reactances 

Frn. A-4. 

Series Circuit 

Series 
Resistance R~sistance Resistance, induc-

circuit 
and inductance and capacitance tance, and capacitance 

(Fig. A-4a) (Fig. A-4b) (Fig. A-4c) 

----
Z= --..IR2 + XL2 v'R2 + X<fl ..,/R2+ (XL2-Xe)2 
R= v'Z2 - XL2 ..,/Z' - Xe2 --..IZ2 - (XL - Xe) 2 

XL= v:z,--::-R, ............ v'Z2 - R2 + Xe 
Xe= ....... ' ... v'Z2 - R2 xL- --..1z2 - R' 

For any combination of resistance, inductance, and capacitance (Fig. A-4d) 

Z ~ -V(R1 + R2 + R3, etc.)2 + (Xr,1 +XL,+ X1,3, etc. 
---------

- Xe1 - Xe, - Xe 3 , etc.)2 (10-2) 
Er = e1 + e, + ea + e. , etc. (to be added vectorially) 
Ir = i1 = i, = ia = i4 , etc. 
Pr ~ 1>1 + P• + Pa + P• , etc. 



Parallel Circuits 

Two impedances in parallel 

Zp 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX III 

,---
' I 
I 
I 
I 

Z1 
I 
I 
I 
I 
I 

FIG. A-5. 

r----
1 
I 

Z2 
I 
I 
I 
I 
I 
I 
L- ---
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Z1Z2 
ZT = -- (11-28) 

Z1+Z2 

ZTZ2 
Z1 = -- (11-28) 

Z2 -ZT 

Any number of impedances in parallel 
ZT: No single equation is available for this type circuit. For solution see Art. 10-9. 
ET = e1 = e2 = ea , etc. 
1-r = i1 + i2 + ia , etc. (to be added vectorially) 
PT = P1 + P2 + Pa , etc. 

Single-layer Coil 

L = _iaN)2 
9a + 10b 

Inductors in Series 

L = Xr, 
21rf 

INDUCTORS 

(8-5) 

(8-6) 

(8-8) 

(11-11) 

LT = L1 + L2 + La , etc. (no flux linkage between coils) 

Frn. A-6 

XLT = XL 1 + XL 2 + XLa , etc. (no flux linkage between coils) 
L-r = L1 + L2 ± 2K v'W,-; (flux linking the coils) 

Inductors in Parallel 
1 

LT= 1 1 1 
Li+ Lz + La' etc. 

1 
X LT = -------, etc. = 21rfLT 

1 1 1 -+-+-
XL1 XL 2 XLa 

(8-15) 

(8-19) 

(8-16) 
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Mutual Inductance 

ESSENTIALS OF ELECTRICITY 

M = K~; 
Af2 

L1 = -­
K2L1 

Coefficient of Coupling 

K=_!!_ 
~ 

CAPACITORS 

C = 22.45AK(N - 1) 
108 t 

106 159,000 
Xe= 2,,,.fC = ----ye (when C is in microfarads) 

Z = VR2 +Xc2 

P-F = !! = R 
Z vR2 +Xc2 

Capacitors in Serles 

Two capacitors 

CT= C1C2 
C1+C2 

C1 = CTC2 
C2- CT 

Any number of capacitors 

1 
CT~------

1 1 1 
C1 + C2 + C3 ' etc. 

106 
XcT = Xc 1 + Xc 2 + Xc3, etc.= fC 

21r T 

Capacitors in Parallel 

1 106 x cT = _1 ___ 1 ___ 1_ = -2,,,.-1c-T 

-+-+-
Xc1 Xc 2 Xcs 

RESONANCE 
Serles and Parallel Circuits 

159 l fr= ,VLC 

25 300 
f, is expressed in kilocycles 

L = :f:'2c ~ Lis expressed in microhenries 
' C is expressed in microfarads 

C = 25,300 
J.r2L 

(8-13) 

(8-13) 

(9-2) 

(9-4) 

(9-7) 

(9-8) 

(9-9) 

(9-9) 

(9-9) 

(9-10) 

(11-6) 

(11-7) 

(11-8) 



APPENDIX lll 495 

Serles Resonant Circuit 

L C R 
-"T'"f - ...... -~~--!( 'VVVV'v~-~.~ 

i l---E, - - - - I --E --l----E, - - - _J ' 
1 'XL + Xe 'R 
I 
I 

I 
I 
I L------------------- E _______________ ., 

FIG. A-7. 

z = VR2 + (XL - Xc) 1 

At resonaµce 

Z = R (minimum value possible) 

E 
I = R (maximum value possible) 

Ex1, = Exe = EQ 

Parallel Resonant Circuit 

At resonance 

E z 

r----
1 
I 
I 
I 
I 

Z.1 
I 
I 
I 
I 
I 
I 
I L----

Frn. A-8. 

Z=~ 
Z, + Z2 

r---
1 
I 
I 
I 
I 

Z2 
I 
I 
I 
I 
I 
I 
I 
L--

Z ~ ZLQ (maximum value obtainable) 

I = ~ (minimum value obtainable) z 

(10-1) 

(11-10) 

(11-12) 

(11-26) 

(11-28) 

(11-33) 

(11-29) 

Width of Frequency Band for Single Resonant Circuit at 0.707 of the Maximum Re­
sponse 

fr R 
!2-f,=-=-

Q 21rL 
(11-21), (11-22) 

COUPLED RESONANT CIRCUITS 

Width of Band Pass 

'2 - ft= Kf, (12-15) 



496 ESSENTIALS OF ELECTRICITY 

Critical Coupling 

K - 1.5 . - v7i:ii. 
2.25 

QpQ, = K.2 

RELATION BETWEEN WAVELENGTH AND FREQUENCY 

300,000) 

>. = -f- ~ f is expressed in kilocycles 

300,000 ( >. is expressed in meters 
f = ->.-) 

DELAYED-ACTION CIRCUITS 

Time Constants 

Resistance-inductance circuit 

L 
t = -

R 

Resistance-capacitance circuit 

t - CR 

(12-17) 

(12-18) 

(1-2) 

(1-4) 

(8-10) 

(12-19) 



APPENDIX IV 

TABLE OF SPECIFIC RESISTANCE AND TEMPERATURE 
COEFFICIENT OF VARIOUS METALS AT 20°C 

Specific 
Temperature 

Material Description resistance, 
coefficient, ohms per 

cir-mil-ft 
per °C 

Advance .......... Copper, nickel 295 0.000018 
Aluminum ......... Wire 17 0.00388 
Bismuth ........... ...................... 700 0.00435 
Brass ............. Copper, zinc 40 0.002 
Cadmium ......... ...................... 46 0.0038 
Carbon ............ Graphite 2600-7500 -0.0003 
Climax ............ ...................... 530 0.0007 
Constantan ........ Same as advance 295 0.000018 
Copper ............ Hard-drawn 10.4 0.004 
Exccllo ............ ...................... 560 0.00016 
German silver ...... Nickel, copper, zinc 200 0.00038 
Gold .............. ...................... 14.5 0.00342 
Iala .............. Copper, nickel 295 0.000005 
Iron .............. Cast 450-570 0.006 
Lead .............. ...................... 130 0.0038 
Manganin ......... Manganese, copper, nickel 265 0.000006 
Mercury .......... ...................... 565 0.00072 
Monel ............ Copper, nickel 265 0.00198 
Nichrome ......... ~ickel, chromium 600-660 0.0004 
Nickel. ........... . . .. .. .. . . .. .. .. . . . . . . 46 0.0062 
Phosphor bronze ... ...................... 47 0.0012 
Platinum .......... Pure 60 0.00367 
Silver ............. ...................... 9.8 0.00377 
Steel. ............. Soft 95.4 0.005 
Steel. ............. Hard 275 0.0016 
Tin ............... . . .. . . . . . . . . . . . . . . . . . . 69 0.00425 
Tungsten, ......... ...................... 34 0.0046 
Zinc .............. ...................... 35.2 0.00372 
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APPENDIX V 

BARE COPPER WIRE TABLES AT 25 DEGREES CENTI­
GRADE, 71 DEGREES FAHRENHEIT 

A.W.G. and 
Brown and Sharpe Dis.meter, mile Ares., circular mils Ohma per 1000 ft 

gauge 

1 289.3 83,690 0.1264 
2 257.6 66,370 0.1593 
3 229.4 52,640 0.2009 
4 204.3 41,740 0.2533 
5 181.9 33,100 0.3195 
6 162.0 26,250 0.4028 
7 144.3 20,820 0.5080 
8 128.5 16,510 0.6405 
9 114.4 13,090 0.8077 

1,0 101.9 10,380 1.018 
11 90.74 8,234 1.284 
12 80.81 6,530 1.619 
13 71.96 5,178 2.042 
14 64.08 4,107 2.575 
15 57.07 3,257 3.247 
16 50.82 2,583 4.094 
17 45.26 ·2,048 5.163 
18 40.30 1,624 6.510 
:t9 35.89 1,288 8.210 
20 31.96 1,022 10.35 
21 28.46 810.1 13.05 
22 25.35 64~.4 16.46 
23 22./17 509.5 20.?6 
24 20.10 404.0 26.17 
25 17.90 320.4 33.00 
26 15.94 254.1 41.62 
27 14.20 201.5 52.48 
28 12.64 159.8 66.17 
29 11.26 126.7 83.44 
30 10.03 100.5 105.2 
31 8.93 79.70 132.7 
32 7.95 63.21 167.3 
33 7.08 50.13 211.0 
34 6.31 39.75 266.0 
35 5.62 31.52 335.5 
36 5.00 25.00 423.0 
37 4.45 19.83 533.4 
38 3.96 15. 72 672.6 
39 3.53 12.47 848.1 
40 3.14 9.89 1069.0 
41 2.80 7.84 1323 
42 2.50 6.22 1667 
43 2.22 4.93 2105 
44 1.98 3.91 2656 
45 1.75 3.06 3460 
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APPENDIX VI 

DIELECTRIC CONSTANT (K) AND DIELECTRIC STRENGTH 
(VOLTS PER 0.001 IN.) OF VARIOUS MATERIALS 

1Iatcrial 

Air.· ....................................... . 
Aluminum oxide layer ...................... . 
Bakelite ................................... . 
Cambric, varnished ........................ . 
Ceramics ................................... . 

Cordicrite ................................ . 
1Iycalcx ................................. . 
Steatite .................................. . 
Titanium dioxide......... . . . . . ........... . 

Cotton ..................................... . 
Fiber ...................................... . 
Glass, common ............................. . 
Isolantite.... . . . . . . . . . . . . . . . . . . . . . . . . . . 
?-.Iica ....................................... . 
Oil, castor ............................. . 

Pyranol .................................. . 
Transformer ............................. . 

Paper, beeswaxed .......................... . 
Paraffined ................................ . 
Shellacked ............................... . 

Porcelain .................................. . 
Quartz .................................. ••.• 
Resin ...................................... . 
Styrene (polymerized) ...................... . 
Tantalum oxide layer ...................... . 
Water, pure ................................ . 

Dielectric 
constant, K 

1 
10 
6 
4.5 
5-4000 
5-5.5 
6-8 
6.1 

90-170 

6.5 
4.2 
3.5 
5.5 
4.7 
4.2 
2.4 
3.1 
2.2 
3.4 
5.5 
4.5 
2.5 
2.4-2.9 

11.5 
81 

Dielectric 
strength, volts 

per 0.001 in. 

80 

500 
1200 

300 
50 

200 

2000 
380 
350 
250 

1800 
1200 

750 

X OT~;: The values given in the above table may vary considerably depending upon 
the quality and manufacture of the material. The values in the table arc average 
values; for greater accuracy, values should be obtained from the manufacturer of 
the materials used. 
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APPENDIX VII 

STANDARD COLOR CODING FOR RESISTORS 1 

There are two methods of placing the color identification on a 
resistor. In the first method, illustrated by Fig. A-9, the body 
color A represents the first figure of the resistance value; one 
end or tip B is colored to represent the second figure; a colored 
band or dot (C) near the center of the resistor represents the 
number of zeros following the first two figures. By this system, 
a 150,000-ohm resistor ·would be colored as follows: 

Body, brown Tip, green Dot or band, yellow 

In the second method, illu1;trated by Fig. A-10, the colors are 
indicated by a series of bands or dots generally placed at one end 
of the resistor. In order to obtain the value of a resistor, with 
this method, the colors are read starting from the end or tip and 
going toward the center. "\Yith this system, a 750,000-ohm 
resistor would be colored as follows: 

Band A, violet Band B, green Band C, yellow 

An auxiliary color code has been established, covering the 
tolerances of resistors. The tolerances are indicated by the 
following colors, which appear as a fourth band or dot placed on 
one end of the resistor: 

Gold, 5% Silver, 10% None, 20% 

1 For the identification of resistance values of small carbon-type resistors, 
numbers are represented by the following colors: 

0-Black 
1-Brown 
2-Red 
3-0range 
4-Yellow 

5-Green 
6--Blue 
7-Yiolet 
8-Gray 
9-Whitc 

Three colors are used on each resistor to identify its value. 
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.,,1111w.111111~11111111m1111.-jr--m118...,,-,,11 m--B .......... ~-~e-
··--To/ercrnce Tolerance· 

FIG. A-9. FIG, A-10. 

APPLICATION OF COLOR CODE 

Resistance, 
A B C 

I Resistance, 
A B C 

ohms ohms 
--- --- ---

50 Green Black Black 25,000 Red Green Orange 
75 Violet Green Black ' 30,000 Orange Black Orange 

100 Brown Black Brown 40,000 Yellow Blark Orange 
150 Brown Green Brown 50,000 Green Black Orange 
200 Red Black Brown 60,000 Blue Black Orange 
250 Red Green Brown 75,000 Violet Green Orange 
300 Orange Black Brown 100,000 Brown Black Yellow 
350 Orange Green Brown 120,000 Brown Red Yellow 
400 Yellow Black Brown 150,000 Brown Green Yellow 
450 Yellow Green Brown 200,000 Red Black Yellow 
500 Green Black Brown 250,000 Red Green Yellow 
600 Blue Black Brown 300,000 Orange Black Yellow 
750 Violet Green Brown 400,000 Yellow Black Yellow 

1,000 Brown Black Red 500,000 Green Black Yellow 
1,200 Brown Red Red 600,000 Blue Black Yellow 
1,500 Brown Green Red 750,000 Violet Green Yellow 
2,000 Red Black Red lM!l Brown Black Green 
2,500 Red Green Red l½Mn Brown Green Green 
3,000 Orange Black Red 2M!l Red Black Green 
3,500 Orange Green Red 3Mn Orange Black Green 
4,000 Yellow Black Red 4Mn Yellow Black Green 
5,000 Green Black Red 5Mn Green Black Green 
7,500 Violet Green Red 6Mn Blue Black Green 

10,000 Brown Black Orange 7Mn Violet Black Green 
12,000 Brown Red Orange 8Mn Gray Black Green 
15,000 Brown Green Orange 9Mn White Black Green 
20,000 Red Black Orange 1011n Brow1: Black Blue 

I 



APPEXDIX VIII 

l\Iica capacitors that arc not stamped with their capacitance values usually are 
marked with three or more colored dots and with an arrow or other symbol indicating 
the sequence in which the dots are to he read. The capacitance values are in micro­
microfarads, and the color code is the same as the one used for resistors. The three­
dot R:\IA color code, shown in Fig. A-lla, is used for capacitors whose working 
voltage is 500 volts and for which one or more of the following conditions apply: (1) 
the tolerance is greater than 10 per cent, (2) the capacitance rating is less than lOµµf, 
(3) the capacitance rating has only one or two significant figures. In this system, the 
color of the first dot indicates the value of the first significant figure of the capaci­
tance; the second dot indicates the second figure; and the third dot indicates the 
value of the multiplying factor. For indicating the capacitance of capacitors having 
three significant figures the five- and six-dot systems, shown in Figs. A-llc, A-lld, 
and A-lle, arc used. The systems using more than three dots provide a dot to indi­
cate the capacitance tolerance. The six-dot system also provides a dot to indicate 
the d-c working voltage. The use of the capacitor color code can best be understood 
by reference to the following table, the examples listed in the accompanying table of 
applications of the color code, and the diagrams of the various systems shown in 
Fig. A-11. 

[) @ @ @ >] Bla~'f 

(a) ~ 

@@© 

@ © 

Front View (dJ 

~ 
(bJ 

,-Samet/mes 
~~nk 

~ 
Bc.ick View 

(c) 

@@© 

®®@ 

(e) 

Fm. A-11. 
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CAPACITANCE IN J\lICROMICROFARADS (µµf) 

Significant figures 

I 
.\lultiplying 

I 
Per cent I D-c workin11; 

Color of factor tolerance \'oltage 
dot 

I I A B C /) },' F 

Black 0 0 0 1 
Brown 1 1 1 10 1 100 
Red- 2 2 2 100 2 200 
Orange 3 3 3 1000 3 300 
Yellow 4 4 4 10,000 4 400 
Green 5 5 5 100,000 5 500 
Blue 6 6 6 1,000,000 6 600 
Violet 7 7 7 10,000,000 7 700 
Gray 8 8 8 100,000,000 8 800 
White 9 9 9 1,000,000,000 9 900 
Gold .. . . . . 0.1 5 1000 
Silver .. . . . . 0.01 10 2000 
No Color .. . . '' . '' . . . . ' . . . . . 20 500 

APPLICATION OF COLOR CODE 

System, Capaci- Capaci-
Per D-c 

cent of work-Fig. tance, tance, 
toler- ing A B C D E F' 

A-11 i,f 1-'l-'f ance voltage 
- -- --- --- -- --- --- --- --· --- ---

(a) D. 000005 5 Black Green Black 
(a) 0.000012 12 Brown Red Black 
(a) 0. 00035 350 Orange Green Brown 
(a) 0.0004 400 Yellow Black Brown 
(b) 0.000025 25 2 Red Green Black Red 
(b) 0.00075 750 5 Violet Green Brown Green 
(b) 0.006 6()00 JO Blue Black Red Silver 

(c}, (d) 0.0003 • 300 I Orange Black Black Black Brown 
(c), (d) 0.000125 125 3 Brown Red Green Black Orange 
(c), (d) 0.008 8000 20 Gray Black Black Brown !l.o color 

(e) 0.000002 2 4 1000 Red Black Black Silver Yellow Gold 
(e) 0.000025 25 JO 500 Red Green Black Gold Silver No color 
(e) 0.0003 300 20 300 Orange Black Black Black No color Orange 
(e) 0.0075 7500 5 600 Violet Green Black Brown Gold Blue 



APPENDIX IX 

STANDARD COLOR CODE FOR TRANSFORMER LEADS 

In order to identify the various leads of transformers used in 
radio equipment, the Radio Manufacturers' Association has 
adopted a set of standards that are used by most manufacturers. 
The following diagrams i dicate the color of the leads for the 
three types of transformers most generally used: 

Black-sfarf 

Primary 

Blackand -elh 
SO/SOsfr,ped 

design 

, Finish 
/ Black,r 
; untapped 
\ . 
Black and red 
SO/SO slripecl 
design if prirnar 
11Ses lap 

Yellow 

Red 
Green 

Greenand -el/ow 
$0/SOstnped desiqn 

Green 
Brown 

(a)- POWER TRANSFORMER COLOR CODE 

Reclili'er 
ti'/amenf 

Rectif7er 
pfgfe 

Ampliner fl'/amenf 
Winding No. I 

Amp/iner filament 
Winding No.2 

.4mplif7er filament 
Winding No.3 

Fm. A-12.-(P. R . .Mallory_ & Co., Inc.). 
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Plcrle --=-8~;.::ue-=----, Green Gric/or high_ side ) 
!ofmovmqco,Z 

8/ac/r Return /or low .s_1de . J 
_________ { ofmov,r79cotl/ 

Plate Blue or brown 
(Sfarl) 

Green or el/ow 
(Sfarf} 

Grid 

Plate 

The upper port/on (that code above the dotted line) 
for .sinqle primary and/or .secondary transformers 

(CJ-COLOR CODE AUDIO TRANSFORMERS 

Blue Green Grid 
or 

diode 

Green and black Full _____ wave 

diode 

Red Black Grid or 
B+ ---''-'-----' '---"----- diode 

(b}·COLOR CODE IF TRANSFORMERS return 

Frn. A-12.-(Continued.) 
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APPENDIX X 

TRIGONOMETRY 

The solution of a.c. problems frequently involves adding or 
subtracting quantities such as voltages, currents, and ohmages 
by means of vectors. The mathematical solution of these 
problems requires the use of trigonometry. The method of 
solution presented in the text makes it possible to solve all such 
problems by the use of right triangles. The following state­
ments apply to any right triangle and arc illustrated in the 
figure below. 

I. A right triangle is one in which one of the angles is a right 
angle (90 degrees). 

2. The hypotenuse is the side opposite the right angle. 
3. The legs of a right triangle arc the 

two sides that form the right angle. 
4. The sine of any angle 0 is equal to 

the side opposite that angle divided by 
the hypotenuse. 

5. The cosine of any angle 0 is equal 
to the side adjacent to that angle divided 
by the hypotenuse. 

6. The square of the hypotenuse is 
equal to the sum of the squares of the 

{J 

FIG. A-13. 
two legs of the triangle. (This is also 
commonly known as the theorem of Pythagoras.) 

sin A 
a a= c sin A 

a 
= c = sin A C 

cos A 
b b = C cos A 

b 
= - c=--

C cos A 
b b = c sin B 

b 
sin B = - c=--

C sin B 

cos B = ~ a= c cos B 
a 

c=--
C cos B 

c2 = a2 + b2 a2 = c2 - b2 b2 = c2 - a2 
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APPENDIX XI 

SINE AND COSINE TABLES 

Degrees sin cos Degrees sin cos 

-- -
0.0 0.000 1.000 21.5 0.366 0.930 
0.5 0.009 1.000 22.0 0.374 0.927 
1.0 0.017 0.999 22.5 0.383 0.924 
1.5 0.026 0.999 23.0 0.391 0.920 
2.0 0.035 0.999 23.5 0.399 0.917 
2.5 0.043 0.999 24.0 0.407 0.913 
3.0 0.052 0.998 24.5 0.415 0.910 
3.5 0.061 0.998 25.0 0.422 0.906 
4.0 0.070 0.997 25.5 0.430 0.902 
4.5 0.078 0.997 26.0 0.438 0.899 
5.0 0.087 0.996 26.5 0.446 0.895 
5.5 0.096 0.995 27.0 0.454 0.891 
6.0 0.104 0.994 27.5 0.462 0.887 
6.5 0.113 0.993 28.0 0.469 0.883 
7.0 0.122 0.992 28.5 0.477 0.879 
7.5 0.130 0.991 29.0 0.485 0.875 
8.0 0.139 0.990 29.5 0.492 0.870 
8.5 0.148 0.989 30.0 0.500 0.866 
9.0 0.156 0.988 30.5 0.507 0.862 
9.5 0.165 0.986 31.0 0.515 0.857 

10.0 0.173 0.985 31.5 0.522 0.853 
10.5 0.182 0.983 32.0 0.530 0.848 
11.0 0.191 0.981 32.5 0.537 0.843 
11.5 0.199 0.980 33.0 0.544 0.839 
12.0 0.208 0.978 33.5 0.552 0.834 
12.5 0.21G 0.976 34.0 0.559 0.829 
13.0 0.225 0.974 34.5 0.566 0.824 
13.5 0.233 0.972 35.0 0.574 0.819 
14.0 0.242 0.970 35.5 0.581 0.814 
14.5 0.250 0.968 36.0 0.588 0.809 
15.0 0.259 0.966 36.5 0.595 0.804 
15.5 0.267 0.963 37.0 0.602 0.798 
16.0 0.275 0.961 37.5 0.609 0.793 
16.5 0.284 0.959 38.0 0.616 0.788 
17.0 0.292 0.956 38.5 0.622 0.783 
17.5 0.301 0.954 39.0 0.629 0.777 
18.0 0.309 0.951 39.5 0.636 0.772 
18.5 0.317 0.948 40.0 0.613 0.766 
19.0 0.325 0.945 40.5 0.649 0.760 
19.5 0.334 0.942 41.0 0.656 0.755 
20.0 0.342 0.940 41.5 0.663 0.749 
20.5 0.350 0.937 42.0 0.669 0.743 
21.0 0.358 0.933 42.5 0.675 0.737 
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508 ESSENTIALS OF ELECTRICITY 

Degrees sin cos Degrees sin cos 

43.0 0.682 0.731 67.0 0.920 0.391 
43.5 0.688 0.725 67.5 0.924 0.383 
44.0 0.695 0. 719 68.0 0.927 0.375 
44.5 0.701 0.713 68.5 0.930 0.366 
45.0 0.707 0.707 69.0 0.934 0.358 
45.5 0.713 0.701 69.5 0.937 0.350 
46.0 0. 719 0.695 70.0 0.940 0.342 
46.5 0.725 0.688 70.5 0.943 0.334 
47.0 0.731 0.682 71.0 0.945 0.326 
47.5 0.737 0.675 71.5 0.948 0.317 
48.0 0.743 0.669 72.0 0.951 0.309 
48.5 0.749 0.663 72.5 0.954 0.301 
49.0 0.755 0.656 73.0 0.956 0.292 
49.5 0.760 0.649 73.5 0.959 0.284 
50.0 0.766 0.643 74.0 0.961 0.276 
50.5 0.772 0.636 74.5 0.964 0.267 
51.0 0.777 0.629 75.0 0.966 0.259 
51.5 0.783 0.622 75.5 0.968 0.250 
52.0 0.788 0.616 76.0 0.970 0.242 
52.5 0.793 0.609 76.5 0.972 0.233 
53.0 0.798 0.602 77.0 0.974 0.225 
53.5 0.804 0.595 77.5 0.976 0.216 
54.0 0.809 0.588 78.0 0.978 0.208 
54.5 0.814 0.581 78.5 0.980 0.199 
55.0 0.819 0.574 79.0 0.982 0.191 
55.5 0.824 0.566 79.5 0.983 0.182 
56.0 0.829 0.559 80.0 0.985 0.174 
56.5 0.834 0.552 80.5 0.986 0.165 
57.0 0.839 0.544 81.0 0.988 0.156 
57.5 0.843 0.537 81.5 0.989 0.148 
58.0 0.848 0.530 82.0 0.990 0.139 
58.5 0.853 0.522 82.5 0.991 0.130 
59.0 0.857 0.515 83.0 0.992 0.122 
59.5 0.862 0.507 83.5 0.994 0.113 
60.0 0.866 0.500 84.0 0.994 0.104 
60.5 0.870 0.492 84.5 0.995 0.096 
61.0 0.875 0.485 85.0 0.996 0.087 
61.5 0.879 0.477 85.5 0.997 0.078 
62.0 0.883 0.469 86.0 0.997 0.070 
62.5 0.887 0.462 86.5 0.998 0.061 
63.0 0.891 0.454 87.0 0.998 0.052 
63.5 0.895 0.446 87.5 0.999 0.043 
64.0 0.899 0.438 88.0 0.999 0.035 
64.5 0.903 0.430 88.5 0.999 0.026 
65.0 0.906 0.423 89.0 0.999 0.017 
65.5 0.910 0.415 89.5 1.000 0.009 
66.0 O.JH3 0.407 90.0 1.000 0.000 
66.5 0.917 0.399 



APPENDIX XII 

SINE AND COSINE VALUES FOR ANGLES GREATER THAN 
90 DEGREES 

The tables of Appendix XI list the values of sine and cosine for angles 
between 0 and 90 degrees. In some instances, it is desired to obtain the 
sine of angles greater than 90 degrees; they may be obtained in the follow­
ing manner: 

When fJ is between 90 and 180 degrees 

sin 8 = cos (8 - 90) 

Example: What is the sine of 137 degrees? 

sin 137° = cos (137 - 90) 

= cos 47° 

=- 0.682 

When 8 is between 180 and 270 degrees 

sin 8 = - sin (8 - 180) 

Example: What is the sine of 218 degrees? 

sin 218° = - sin (218 - 180) 

- - sin 38° 

= - 0.616 

When fJ is between 270 and 360 degrees 

sin 8 = - cos (0 - 270) 

Example: What is the sine of 336 degrees? 

sin 336° = - cos (336 - 270) 

= - cos 66° 

-= - 0.407 
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APPEKDIX XIII 

ANSWERS TO PROBLEMS 

:'.'\ OTE 1: Answers are provided for approximately 50 per cent of the problems. 
Except in a few cases, answers are provided for the odd-numbered problems. In­
structors using this text can purchase a complete answer book from the publisher. 

:X on: 2: As far as is practicable, all answers arc accurate to at least three sig­
nificant figures. 

Chapter I 

1. 250 meters 
3. 30 me 
5. (a) 0.0268 sec 

(b) 0.0537 sec 
7. (a) 1.345 meters 

(b) 4.414 ft 
9. 4687 .5 cycles 

11. 0.0753 ft 
13. (a) 4687 .5 cycles 

(b) 80 cycles 
15. (a) 0.0885 sec 

(b) 0.00107 sec 
17. 151.6 ft 
19. (a) 0.113 ft 

(b) 1.13 ft 
(c) 11.3ft 

21. (a) 3ri0 cycles 
(b) 450 cycles 
(c) 750 cycles 

(also 250 cycles) 
23. (a) 1000 candle power 

(b) 250 candle power 
(c) 40 candle power 

25. (a) 675,000,000 me 
(b) 675,000,000,000,000 cycles 

27. 3 .66 meters 
29. 1.51 meters or 4.95 ft 

1.4 7 meters or 4 .82 ft 
31. WOR-422.5 meters 

KRLD-288.4 meters 
W:\IBC-211.2 meters 
WIWL-15.79 me 
WLAP-2,50 meters 
WPIT-12 me 
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Chapter II 

1. 26,667 dynes (repulsion) 
3. 6153 dynes (repulsion) 
5. 40,000 dynes (repulsion) 
7. 0.15 amp 
9. 48 ohms 

11. 0.667 ma 
13. 0.005 ohm 
15. 176 volts 
17. The resistor that requires 250 volts 

for 2.5 ma 
19. The 250,000-ohm resistor 
21. 100 watts 
23. 33.9 amp 
25. The 2-hp motor 
27. 335.7 kwh 
29. $0.25 
31. 2.38 kwh 
33. 325 volts 
35. 400 volts 
37. 0.141 amp 
39. 9.12 cm 
41. (a) 10.5 ohms 

(b) 3.78 watts 
43. $0.36 
45. (a) $1.35 

(b) $3.60 
47. (a) 97 .5 watts 

(b) 1.6 watts 
(c) 1083 ohms 
(d) 250,000,000 ohms 

Chapter Ill 

1. 7 cells, series 
3. 33 volts 
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5. 4 cells, parallel 
7. S cells, two groups in parallel, each 

group consisting of 4 cells connected 
in series 

9. 12 cells 
11. Approximately 75 per cent greater 
13. 15 cells, tapped at 2, 3, and 11 cells 
15. 66.66 hr 
17. 20 hr 
19. (a) 572 sq in. 

(h) 190.6 amp-hr 

Chapter IV 

1. 248,125 ohms 
3. 2541 turns 
5. 0.214 ohm 
7. (a) 10,000 ohms 

(b) 25 ma 
(c) 37 .5 volts, 62.5 volts, 25 volts, 

125 volts 
(d) 0.9375 watt 

1.5625 watts 
0.625 watt 
3.125 watts 

(e) 6.25 watts 
9. 500 ohms 

11. (a) 175 volts 
(h) 75 volts 

13. 0.52 ohm 
15. 14,980 ohms 
17. (a) 15,000 ohms 

(b) 30,000 ohms 
19. 9000 ohms, 720 ohms, 1000 ohms, 600 

ohms, RT 240 ohms 
21. 0.0505 ohm 
23. (a) 0:01002 ohm 

(b) 0.005005 ohm 
25. (a) 8.33 ohms 

(b) 2.08 ohms 
(c) 1.2 amp 

27. (a) 6.31 ohms 
ll.25ohms 
9.47 ohms 

(b) 27.03 ohms 
(c) 8.88 amp 
(d) Group 1-56 volts 

Group 2--100 volts 
Group 3-84 volts 

27. (e) Group 1-5.6 amp 
1.87 amp 
1.4 amp 

Group 2 -6.GG ump 
2.22 ump 

Group 3 1 ..I amp 

1.87 lllllJl 

5.6 amp 
29. i10.a = 3.88 lllllfl 

ig_a = 3.95 amp 
ia.3 = 1.81 amp 
i, ., = 1.36 amp 
i1 .1 = 0.78 ump 
EAu = Ci volts 
Euc = 34 volts 

31. (a) 55 ohms 
(b) 11 = 0.1818 amp 

/2 = 0.109 amp 
la = 0.0727 amp 

(c) EAB = 4.55 volts 
Enc = 5.45 volts 
Bnn = 5.45 volts 

33. Inc = 0.45 ma 
!AB = 5.45 ma 

35. !Re = 0.45 ma 
!AB = 3.78 ma 

37. (a) Section 1-17 ,857 ohms 
Section 2-10,000 ohms 
Section 3-14,705 ohms 
Section 4--1-1.4 ohms 
Section 5-200 ohms 

(b) 195 watts 
(c) 2.79 watts 

39. RAB = 20 ohms 
Rnc = 18.5 ohms 
Ren = 106.5 ohms 
RAn = 145 ohms 

40. SectionAn 
120 = 2.07 amp 

Sectionnc 
/10 = 1.43 amp 
l2s = 0.96 amp 
I 60 = 0.48 amp 
/1, = 0.636 amp 
I,s = 0.636 amp 

Sectioncn (top) 
1100 = 0.779 amp 
1200 = 0.518 amp 
I,oo = 0.259 amp 
/so = 0.779 amp 

40. Sectioncn (bottom) 
/26 = 1.102 amp 
h6 = l.102 amp 
/100 = 1.102 amp 

:i I l 
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I,oo = 0.184 amp 
lsoo = 0.184 amp 

41. EAa = 41.4 volts 
Eac = 38.2 volts 
Ecv = 220.4 volts 

45. P AH = 85.7 watts 
Pnc = 79 watts 
I'cv = 456.3 watts 

PTot"I = 621 watts 

Chapter V 

9. (a) 250 dynes 
(b) Attraction 

11. 3.16 cm 
13. 232.2 unit poles 
15. (a) 3906 dynes 

(b) 15,625 dynes 
(c) 62,500 dynes 

17.13.46oz 
19. 17.27 unit poles 
21. 22,222 lines per square inch 
23. 0.5 in. 
25. 942 lines 

75 lines per square centimeter 
18.75 lines per square centimeter 
4 .69 lines per square centimeter 
75 dynes, 18.75 dynes, 4.69 dynes 

28. (a) 4000 lines per square centimeter 
(b) 1200 
(c) 0.000~33 

29. 0.00166 
600 

31. (a) 1860 lines per square centimeter 
(b) 900 
(c) 0.00111 

33. (a) 0.00797 
(b) 0.00273 
(c) 0.0107 
(d) 128.4 gilberts 

34. 408 turns 
35. 6 volts 
39. (a) 0.0165 

(b) 104.7 ampere-turns 
41. 0.0000833 
43. (a) (flt = 0.00202 

<R2 = 0.00202 
(fh = 0.00182 
<R, ~ 0.00171 
<Rs = 0.00182 
<R6 = 0.00202 

<R, = 0.00202 
<Rs = 0.00171 
(RAG! = 0.0708 
(RAG2 = 0.0314 
(RAG3 = 0.0708 

(b) 1345 ampere-turns 

Chapter VI 

1. (a) 13.89 ohms 
(b) 5.208 ohms 

3. (a) 15,000 ohms 
(b) 450,000 ohms 

6. (a) 2.5 ohms 
(b) 1.25 ohms 
(c) 0.625 ohm 

6. (a) R,bunt = 2.78 ohms 
Error = 10 per cent 

(b) R,bunt = 1.315 ohms 
Error = 4.95 per cent 

(c) R,bunt = 0.641 ohm 
Error = 2.5 per cent 

9. (a) 50 per cent 
(b) 33.3 per cent 

11. (a) 40 volts 
(b) 20 per cent 

13. (a) 13,500,000 ohms 
(b) 1,500,000 ohms 
(c) 1,000,000 ohms 

16. (a) E1 = 50 volts 
11 = 4.9975 amp 
E2 = 49.975 volts 
l2 = 5.0008 amp 

(b) ~either connection, the error 1s 
negligible in either case. 

17. 9000 ohms 
19. Resistors for voltage measurements 

10-volt scale-9970 ohms 
50-volt scale-19,970 ohms 
100-volt scale-99,970 ohms 
250-volt scale-249,970 ohms 
500-volt scale-499,970 ohms 
Shunts for current measurements 
1-ma scale-no shunt needed 
10-ma scale-3.33 ohms 
50-ma scale--0.612 ohm 
100-ma scale--0.303 ohm 
1000-ma scale--0.0300 ohm 

21. 0.0785 ohm 
23. 0 .266 µ.f 

26. 42 henries 



Chapter VII 

1. 249.6 volts 
3. 6 turns per coil 
5. 435,600 maxwells 
7. (a) 60 cycles 

(b) 40 cycles 
(c) 25 cycles 

9. (a) 40 poles 
(b) 20 poles 

11. (a) 25 cycles 
(b) 60 cycles 
(c) 500 cycles 

13. (a) 13.365 amp 
(b) -\l.33 amp 
(c) -15 amp 
(d) -14.055 amp 
(e) -3.885 amp 

15. 36.4 volts 
17. 159.25 volts 
19. 127.4 volts 
23. 141.4 volts 
25. 409.4 volts 
27. (a) 200 volts 

(b) 127.4 volts 
(c) 141.4 volts 

29. 120 volts, 103.92 volts 
31. 655 turns 
33. 96 turns 
35. 955 ma 
37. (a) 200 amp 

(b) 22 kva 
(c) 220 lamps 

39. 80.3 per cent 
41. 51.28 watts 
43. 65.6 watts 
45. 71.4 per cent 

Chapter VIII 

1. 40 volts 
3. 9.3 volts 
6. 260 turns 
7. 0.9 henry 
9. 3.6 henries 

11. 39.32 mh 
13. 4.923 mh 
15. 12.75 mh 
17. (a) 11,304 ohms 

(b) 22,608 ohms 
19. (a) 863.5 ohms 

(b) 1570 ohms 

APPENDIX XIII 

(c) 2355 ohms 
(d) 11,775 ohms 

22. (a) 580.H ohms 
(b) 1161.8 ohms 
(c) 17-12.7 ohms 

23. (a) 3768 ohms 
(b) 3797 .8 ohms 
(c) 28.9 ma 

26. 79.1 ma 
27. 0.12 sec 
29. (a) 11 ,30·1 ohms 

(b) 11,306.7 ohm.Q 
(c) 88.5° 
(d) 26.5 ma 

30. 8.87 mh 
33. 0.0817 
35. 9 volts 
37. 77.08 µh 
39. (a) 0.304 henry 

(b) 22.96 
41. 106 mh 
43. (a) 29.191 henries 

(b) 91.66 

Chapter IX 

1. 0.000123475 µf 
3. 69.595 µµf 

6. 0.00563 in. 
7. 0.500 µf 

9. 6 plates 
10. 0.0160 µf 
13. 29.93 ft 
15. 0.848 sq in. 
17. 50.3 µµf 

19. 49.82 µµf 

20. (a) 331.7 ohms 
(b) 0.331 amp 

21. (a) 331.8 ohms 
(b) 0.331 amp 
(c) 0.0301 
(d) 88.5° 
(e) 1.095 watts 

24. (a) 212.3 ohms 
(b) 127.3 ohms 
(c) 109.8 ohms 
(d) 2.65 ohms 
(e) 1.59 ohms 
(j) 0.736 ohm 

25. (a) 2.35 ma 
(b) 7.85 ma 
(c) 22.7 ma 

513 
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(d) 377 ma 
(e) 1.35 amp 

29. 0.533 µf 
30. (a) 50.2 ma 

(bJ 16.67 volts, 33.33 volts, 
66.67 volts, 133.33 volts 

33. 15 µf 
34. (a) 110 volts (each) 

(b) 0.3315 amp 
0.1658 amp 
0.0829 amp 
0.0-114 amp 

(c) 0.6217 amp 
36. 20 µf 
37. 5 µf 
39. 2.5 µf 
41. 6.67 µf 
43. (a) 6.65 µf 

(b) 0.0825 
(c) 85° 

46. 3.76 ma 

Chapter X 

1. (a) 2792 ohms 
(b) 690,800.1 ohms 

3. 28.77 ohms 
6. (a) 3.58 ma 

(b) 14.4 µa 
7. (a) 5667 ohms 

(b) 31.875 volts 
9. 1.99 amp 

11. (a) 242.2 ohms 
(b) 0.330 amp 
(c) 3.3 volts, 11.2 volts, 91 volts 

13. (a) 97,626 ohms 
(b) 1.84 ma 
(c) V1 = 2.92 volts 

V2 = 1.44 volts 
v3 = 165.6 volts 
V4 = 18.4 volts 

16. Check-111.8 ohms 
19. (a) I = 39.8 ma 

P = zero 
VA = 4.776 v-a 
P-F = zero 
8 = 90° (lag) 

(b) V cctor diagram 
20. (a) I = 39.6 ma 

I' = 0.4547 watt 
VA = 4.752 v-a 

P-F = 0.0957 
8 = 84.5° (lag) 

(b) Vector diagram 
21. (a) I = 3.39 amp 

P = zero 
VA= 1017 v-a 
P-F = zero 
8 = 90° (leading) 

(b) Vector diagram 
23. Xo 
26. (a) Xe = 3184 ohms 

X1, = 6280 ohms 
Z = 5880 ohms 
I= 42.5 ma 
P = 9.03 watts 
A-P = 10.625 v-a 
P-F = 0.850 
0 = 32° (lagging) 

(b) ER = 212.5 volts 
Ee = 135.3 volts 
EL = 266.9 volts 

(c) Vector diagram 
27. (a) Z = 1000 ohms 

R = 22.2 ohms 
A-P = 22.5 v-a 
P-F = 0.0222 
8 = 88.5° (leading) 
Xe = 999.7 ohms 
C = 2.65 µf 

(b) Vector diagram 
29. (a) I1 = 250 µa 

12 = 199 µa 
Ia = 125 µa 
14 = 398 µa 

(b) la •• = 705 µa 
(c) Zcct = 354,609 ohms 
(d) 1\ = 0.0625 watt 

P2 = zero 
Pa = 0.03125 watt 
P4 = zero 

(e) Poet = 0.09375 watt 
(j) VA .. t = 0.17625 v-a 
(g) P-Fline = 0.531 
(h) Ou •• = 58° (lagging) 
(i) Vector diagram 

31. (a) 11 "" 5 ma 
12 = 104.16 ma 
Ia = 39.06 ma 
14 = 7.81 ma 
I6 = 52.08 ma 
1. = IO ma 
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(b) lnne = 110.3 ma 
(c) Zcct = 2266 ohms 
(d) P, = 1.25 watts 

P2 = zero 
Pa = zero 
P, = zero 
P. = zero 
P6 = 2.5 watts 

(e) Peet = 3.75 watts 
(f) V Aoct = 27 .575 v-a 
(g) P-Fnne = 0.136 
(h) Oline = 82° (leading) 
(i) Vector diagram 

33. (a) /1 = 1.31 a~mp 
P, = 51.48 watts 
P-F1 = 0.391 
01 = 67° (lagging) 
l2 = 1 amp 
P2 = 100 watts 
P-F2 - 1.00 
02 = 0° 
Ia= 1.26 amp 
Pa = 39.7 watts 
P-Fa = 0.316 
Oa = 71.5° (leading) 

(b) lune = 1.914 amp 
Pline = 191.18 watts 
A-Pline = 191.4 v-a 
P-Fnne = ·o.9988 
01ine = 3° (lagging) 

(c) Vector diagram 
35. (a) /line = 0.676 amp 

l\ne = 67 .577 watts 
A-Pline = 67 .6 v-a 
P-Fnne = 0.9996 
Onne = 1.5° (lagging) 

(b) ER, = 18.65 volts 
IR, = 0.622 amp 
ExL = 18.65 volts 
Ix L = 0.266 amp 
ER2 = 67.6 volts 
lR 2 = 0.676 amp 
BR 3 = 16 volts 
I Ra = 0.64 amp 
Exe = 16 volts 
lxe = 0.213 amp 

(c) Vector diagram 
37. (a) 53,078 ohms 

(b) 212 ohms 
(c) approximately 10 per cent 

through C 

approximately !JO per cent 
through Ro 

(rl) approximately !l5 per cent 
through C 
approximately 5 per cent 
through U0 

39. (a) 159,235 ohms, 212 ohms 
(b) 376.8 ohms 

282,600 ohms 
(c) high pass 

Chapter XI 

5. (a) 86 ohms (capacit,ive) 
(b) 46 ohms (capacitive) 
(c) 7 ohms (capacitive) 
(d) 33 ohms (inductive) 
(e) 73 ohms (inductive) 

7. (a) 320µµf 
(b) 35.5 µµf 

9. 489 to 1707 kc 
11. (a) 62.5 µh 

(b) 4498 kc 
(c) 6360 kc 
(d) 9000 kc 

13. (a) 15.86 µµf 

(b) 1.96 me 
(c) 3.36 me 
(rl) 3.77 me 

15. 209.6 µµf 

17. (a) 996µh 
(b) 292 

20. (a) 5000 cycles 
(b) 5039 cycles 

21. (a) 25 
(b) EL = 250 volts 

Ee = 250 volts 
En = 10 volts 

23. (a) 465 kc 
(b) 3,837,405 ohms 

26. (a) 199 µh 
(b) 1083 
(c) 1.2 kc 

27. (a) 89,443 ohms 
171,371 ohms 

(b) 95,785 ohms 
70,719 ohms 

NOTE: Values of X1, and Xe were obtained 
from Table XI-IV by interpolation. 

Chapter XII 

1. (a) 2500.01 ohms 
(b) 2500.15 ohms 
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3. (a) 2998 ohms 
(b) 3223 ohms 

5. (a) 8635 ohms 
(b) 22,765 ohms 

7. (a) 337.3 ohms 
(b) 176.5 ohms 

9. (a) 4000-cycle audio frequency 
(b) 375 
(c) 4000-cycle audio frequency 

11. (a) 6625 ohms 
(b) 331.25 ohms 
(c) 1507.2 ohms 
(d) 30,144 ohms 

13. 0.163 µ.µ.f 

15. 2.76 µ.h 
17. 9880 cycles 
19. (a) 0.018 

(b) 0.0167 
21. 0.0173 
23. 1250 kc 

25. 58.5 µ.µ.f 

27. 5.346 mh 
30. (a) 0.0375 

(b) 261.7 to 271.7.kc 
(c) 59.2 µ.µ.f 

31. (a) 0.025 sec 
(b) 0.04 sec (k - 1.60) 

33. (a) 2 megohms 
(b) 1.33 megohms 
(c) 0.2 µ.f 

35. (a) 0.005 sec (k - 0.2) 
0.0125 sec (k - 0.5) 
0.04 sec (k - 1.6) 

(b) 500 µ.a 
(c) 100 µ.a 
(d) 500 µ.a 
(e) 92 volts 
(j) 0.0175 sec (k - 0.7) 

37. 0.047 sec 



INDEX 

A 

A battery, 98-99 
Abbreviations, 75-76, 487-489 
Abscissa, 393-397 
Absorption loss, 325 
Action, local, 92-U3 
Actual power, 369-370 
Adjustable ca pa cit or, 320 
Adj us table magnetic core inductor, 290 
Aerial, 9 
Air cell A battery, 102-103 
Air-core coil, 274, 289-292 
Air gap, of capacitor, 317 

of generator, 253 
Alloys for magnets, 176 
Alnico, 176--177 
Alternating current, 63, 235, 241 

average value of, 243-245 
effective value of, 245-249 
instantaneous value of, 242-243, 245 
maximum value of, 243, 245 
power in, 369-371 
root-mean-square value of, 247-248 

Alternating-current bridge, 229-230 
Alternating-current circuits, character-

istics of, 357-358 
parallel, 375-378 
parallel-series, 378-381 
series, 360-375 
series-parallel, 381-384 

Alternating-current generator, 239-241, 
253-254 

Alternating-current meters, 199-202, 205-
209 

(See also :\Teters) 
Alternating-current power systems, 235 
Alternating-current resistance, 295 
Alternating-current vectors, 365-384 
Alternating-current voltage, 242-245 
Alternating-current wave, 17,243 
Alternation, 17,241 
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Alternator, 235 
Alexanderson, 11 
construction of, 251-254 
frequency of, 2·11 
Goldschmidt, 11 
principle of, 238-241 

Amalgamation, 93 
American Wire Gauge, 121 
Ammeter, alternating-current, 200-202, 

205-209 
connecting of, in circuit, 209-210 
D'Arsonval, 202 
direct-current, 200-207 
dynamometer type, 206--207 
hot-wire type, 200 
increasing range of, 215-218 
iron-vane type, 205-206 
permanent-magnetic moving-coil type, 

202-205 
precautions in using, 209-210 
reading of, 215 
rectifier-type, 207-209 
thermocouple type, 200-201 

Ammeter scales, 214-215 
Ammeter shunts, 215-218 
Ampere, alternating-current, 2•15-249 

definition of, 69 
international, 69 
microamperc, 74 
milliampere, 74 

Ampere-hour, 109 
Ampere-turns, 191 
Amplifier, audio, 35 

intermediate-frequency, 39 
overcoupled, 458-461 
picture-signal, 37, 39 
radio-frequency, 35 

modulated, 37 
speech, 35 
stagger-tuned, 458-461 
video, 37, 39 
wide-band, 458-460 
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Antcnna,7,9,33,35,37,39 
Apparent power, 369 
Armature, 238, 251-253 

conductors for, 238-239, 249-250 
core of, 252 

Artificial magnet, 16:1-164 
Atom, 47-49 

definition of, 47 
structure of, 48-49 

Attraction, electrostatic, 50-51 
of magnetic poles, 167-168 

Audible sound waves, 32, 35 
Audio-frequency amplifier, 35 
Auditory means of communication, 3-8 

B 

B battery, 99-101 
Back voltage, 449 
Band-exclusion filter, 437 
Band-pass amplifier circuit, 453-457 
Hand-pass filter, 4:16-437 
Band-stop filter, 437 
Band-suppression filter, 437 
Band width, of coupled circuits, 455-457 

of resonance curves, 104---406 
Hank winding, 291 
Bar magnet, 177 
Battery, 59, 87-115 

A, 98\)9 
Air cell, 102-103 

B, 99-101 
C, 101-102 
chargers for, Ila 
charging, methods of, 111-113 

principle of, 103-106 
containers for, 107-108 
deterioration of, 96 
discharging, 103-105 
dry-cell, 93-96 
Edison-Lelandc, 87 
electrolyte in, 89, 108-109 
Layer-Hilt, 100 
lead-acid storage, 103-115 
:\lini-:\Tax, 100-101 
nickel-iron storage, 1m 
separators for, 107, 114 
stor:q1;e, 103-115 
testing of, 9-1-95, 109-112 
uses of, 59, 94-96 
wet-cell, primary, 75, 89-93 

secondary, 103-111 

Battery terms, 88-89 
Binocular coil, 291 
Bleeder current, 149 
Blocking capacitor, 348 
Breakdown voltage, of capacitor, 326-327 

of insulator, 123 
Bridge, alternating-current, 229-230 

for capacitance. 229-230, 3-14 
for inductance, 229-230, 295-296 
for resistance, 226-229 
Wheatstone, 226-229 

Broadcasting, frequency range of, 21, 33-
35, 40 

Broadcasting operations, 32-39 
Broadcasting station, frequency of, 33 
Brushes, 239 
By-pass capacitor, filter action of, 434-

435 
uses of, 347-349 

C 

C battery, 101-102 
Camera tube, 33, :n 
Candle power, 29 
Capacitance, 306-3-19 

calculation of, fixed capacitors, 310-314 
impedance method, 344-347 
variable capacitors, 31\)-320 

definition of, 306 
distributed, of choke coil, 420-421 

effect of, 427-430 
principle of, 329-331 

effect of dielectric on, :no 
measuremcn t of, 229-230, 3-13-347 

comparison method of, 344 
of electrolytic capacitors, 346-347 
impedance method of, :!44 
vol tmeter-ammctcr method of, 344-

315 
units of, 309-310 

Capacitive reactance, in alternating-cur­
rent circuits, 360 

of capacitor, 321-323 
vector analysis of, 367-369 

Capacitor, action of, 306-309 
adjustable, 320 
by-pass; filter action of, 434-435 

uses of, 347-351 
ceramic, 315 
characteristics of, 3.19-343, 347 
charge of, 307-309 
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Capacitor, charging time of, 465, 468 
dielectric in, 331-334 

ceramic, 315 
losses of, 325 
mica, 312 
oil, 315 
paper, 313-315 
use of, 306 

discharge of, 308-309 
dry electrolytic, 335--339 
electrolytic, 3.11-343 

(See also Electrolytic capacitor) 
electrolyte in, 331, 335--337 
equivalent circuit of, 428-430 
fixed, 311-315 

(See also Fixed capacitor) 
ganged, 319 
leakage of, 325 
losses in, dielectric, 325 

effect of, 308 
leakage, 325 
resistance, 325 

mica dielectric in, 312-313 
micro, 317, 318 
midget, 317-318 
noninductive, 313-315 
oil dielectric in, 315 
padder,320 
paper dielectric in, 313-315 
in parallel, 328-329 
plates of, electrolytic, 331-339 

fixed, 311-315 
use of, 306 
variable, 315--317 

properties of, 347-350 
ranges of, adjustable, 320 

variable, 317-318 
reactance of, in alternating-current 

circuits, 360 
capacitor, 321-32.3 

resistance of, effect of, 427----!30 
electrolytic, 3-12-343 

in series, 327-328 
trimmer, 320 
uses of, 311, 312, 314, 315, 320, 347-

351 
variable, 315--320 

(See also Variable capacitor) 
voltage rating, of electrolytic, 341 

of transmitting, 318, 327 
wet electrolytic, 331-313 

(See also Electrolytic capacitor) 

C'apa<"itor blorkR, aas 
Capacity, 306 
Carri Pr frequency, 33, 453 
Carrier wave, 32, 33 
Cell, 5!l, 87-111 

air, 1()2-103 
chemical action of, primary, 89-!ll, 

93-94 
secondary, 103-106 

combination of, 96--98 
current flow in, 91 
dry, 93-96 
erosion of negative electrode of, 91 
forming plates of, 105--106 
history of, 87 
local action of, 92-93 
polarization of, 92 
primary, chemical action of, 90, 93-9-l 

commercial, 93-96, 98-103 
definition of, 88 
principles of, 89-93 

secondary, care of, 113-115 
chemical action of, 103-106 
commercial, 106--111 
definition of, 89 
principles of, 103-106 
testing, 111-113 

standard dry, 93-96 
storage, 103-111 

capacity of, 106, 1ro-111 
testing of, dry, 95 

secondary, 108-112 
unit dry, rating of, 95--96 

use of, in B battery, 100 
voltaic, 87, 89-92 
wet, primary, 87, 89-93 

secondary, 103-111 
Channel, television, 21, 33, 39 
Characteristic impedance, 441----!42 
Charged bodies, 49-5-1 
Charges, 49-58 

electric, 49-51 
Ia,rn of, 50--51 
negative, of battery, 90-91 

of capacitor, 307-309 
of static electricity, -rn-55 

positive, of battery, 90-91 
of capacitor, 307-3Q<J 
of static electricity, 49-55 

time of, 53-54 
Charging, of capacitor, 307-309 

hy contact. 51-52 
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Charging, of capacitor, by induction, 
52-53 

of storage batteries, methods of, 111-
113 

principles of, lm-106 
Chemical action, in primary cells, 90, 

93-94 
in secondary cells, 10:3-106 

Choke coils, audio-frequency, 287-289 
distributed capacitance of, 420--421 
filter, 287 
output,288-289 
power supply, 287 
radio-frequency, 289-292 
resonant frequency of, 420--421 

Circuit Q (see Q) 
Circuits, alternating-current, 357-384 

(See also Alternating-current cir­
cuits) 

closed, 118 
combination (see Combination cir­

cuits) 
coupled, 443-460 

(See also Coupled circuits) 
definition of, 118 
delayed action, ,160--471 
direct-current, 129-145, 149-154 

(See also Direct-current circuits) 
elements of, 427-428 
equivalent, 428-430 
essential parts of, 118 
filter, 431-443 

(See also .Filter circuits) 
magnetic, 186-192 
parallel (see Parallel circuits) 
parallel-series (see Parallel-series cir-

cuits) 
resonant, 398-421 

(See also Resonant circuits) 
series (sel) Series circuits) 
series-parallel (see Series-parallel cir­

cuits) 
tuned, 402 
voltage divider, 149-154 

Circular mil area, 120 
Circular mil foot, 120 
Closed circuit, 118 
Cobalt, 176 
Code, Morse, 4, 8 

Coefficient, of coupling, calculation of, 
282-283 

effect of, on rcspop.se curves, 446--447 
on width of band pass, 452-460 

temperature, 119 
table of, 497 

Coils, adjustable magnetic core, 290 
aiding, 285-286 
air-core, 274, 289-292 
bank, 291 
binocular, 291 
choke (see Choke coils) 
distributed capacitance of, effect of, 

127-430 
principles of, 329-331 

equivalent circuit of, 428-430 
figure-of-eight, 291 
high-frequency inductance, 289-292 
honeycomb, 291 
impedance of, 287-290 
inductance of, calculation of, 271-274 

high-frequency, 289-292, 299-301 
low-frequency, 287-289 
mutual, 280--287 
in parallel, 284-285 
in series, 284-286 

iron-core, 287-289, 290 
lattice, 291 
low-frequency inductance, 287-289 
multilayer, 273 
noninductively wound, 298-299 
opposing, 285--286 
pancake, 273 
primary winding of, 256-257 
Q (see Q) 
resistance of, alternating-current, 293-

295 
direct-current, 293 
effect of, 276-277 

secondary winding of, 256-257 
shapes and types of, 271-274 
shielding of, 292-293 
solenoid, 271-274 
spider-web, 291 
universal-wound, 291 
use of, 299-301 
variable inductance, 284-286 

Collector rings, 239 
Color, of light, 29-30 

phenomenon of, 30 
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Color code, audio-frequency transformer, 
505 

intermediate-frequency transformer, 
505 

for mica capacitors, 502-503 
power transformer, 504 
for resistors, 500-501 

Combination circuits, alternating-cur-
ren t, 378-384 

definitions of, 378, 381 
parallel-series, 378-381 
series-parallel, 381-384 

direct-current, 137-145 
advanced, 142-145 
advantages of, 141 
definition of, 137 
parallel-series, 139-141 
series-parallel, 138-139 
solution of, 138-145 
uses of, 142 

Combination meter, 225--226 
Common impedance, 443--444 
Communication, auditory, 3-8 

radio, history of, 8-11 
television, history of, 13-17 
visual, 1-2 

Commutator, 249 
Commutator ripple, 251 
Compass, dipping needle, 182 

early use of, 162 
magnetic, 180-181 

Complex currents, 65 
Compounds, chemical, 46--48 
Condenser, 306 

(See also Capacitor) 
Conductance, 122-123 
Conductor, cross-sectional area of, 118 

definition of, 70 
factors determining choice of material 

of, 122-12.1 
resistance of, 118-121 

Continuous current, 62-63 
Copper oxide rectifier battery charger, 

113 
Copper oxide rectifier meters, 207-209 
Copper wire gauge, 122 
Cosine, 506 
Cosine table, 507-508 
Coulomb, 69 
Coulomb's law, 57 
Counter voltage., 449 

CouplC'cl t'ir<'uit:s, anal.v~i:-1 of, -1-17· -li'i:l 
band-pass, 45:J-.l(j(J 
charactt>rist ieR of' ·HI' mo 
coefficient of roupling, c11lrul:tt i1111 of. 

282-28;{ 
effect of, on r<':sponse curvrs, •I-IG--I Ii 

on width of hand pass, 452-4GO 
complex, 445--446 
direct, 444--445 
impedance, 289 
indirect, 445 
inductive, 444--445 
magnetic, 445 
mutual-inductive, 445--460 
principles of, 443-H4 
response curves of, 453--460 
simple, 444--445 
transformer, 445--460 
tuned primary and tuned secondary, 

453 
untuned primary and tuned secondary, 

453 
untuncd primary and untuncd second­

ary, 452--453 
Coupled impedance, 447--452 
Coupling, coefficient of, calculation of, 

282-28.1 
effect of, on response curves, 446--447 

on ,vidth of band pass, 452--460 
complex, 445--446 
critical, 446 
direct, 4±4-H5 
impedance, 289 
indirect, 445 
in 1ctive, 444 
loose, 446 
magnetic, 445 
methods of, 443--445 
mutual-inductive, 445--460 
optimum, 416 
principles of, 443--444 
simple, 444--445 
tight, 446 
transformer, 445--460 

Coupling clement, 444 
Current, alternating, 63 

a veragc value of, 243-245 
effective value of, 245-249 
instantaneous value of, 242-243, 2·14 
maximum value of, 243,245 

chemical effects of, 62 
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Current, alternating, complex, 65 
continuous, 62-63 
direct, 6:~ 
effects of, 61-62 
electric, method of producing, chemi­

cal, 59 
magnetic, 60-61 
thermal, 59-60 

flow of, 49, 58-69 
direction of, 58-5!}, 91-92 
hydraulic analogy of, 66, 68 

initial leakage, 341-342 
interrupted, 64-65 
kindH of, 62-65 
lagging, in alternating-current cir­

cuits, 3.59 
of inductor, 275-277 
vector representation, 367-369 

leading, in alternating-current cir­
cuits, 360 

d capacitor, 320-322 
vector representation, 367-369 

magnetic effects of, 62 
measurement of, 209-210 
methods of producing, 59-61 
oscillatory, 63-64 
inphase, 357-358 
pulsating, 63 
thermal effects of, 61-62 
units of, 74 

electron flow, 69 
practical, 70 

Curves, analysis of, 397-398 
permeability, 189 
plotting of, 393-39_ 
resonance, parallel, 411-415 

series, 401-406 
response, 453-460 
universal time-constant, 463, 469-470 

Cycle, 17,241 

D 

D'Arsonval instruments, 202 
Declination, angle of, 181-182 
Delaye1l-action circuits, 460-471 

R-C circuits, 465-468 
R-L circuits, 460-465 
universnl time-constant curves for, 

469--470 
uses of. 470-47l 

Demodulator, 33, 35 
Density of field, 172-173 
Dependent variable, 393-395 
Depolarizer, air-cell, -102 

dry-cell, 92-93 
purpose of, 92 

Detector, 33, 35, 39 
Deviation, angle of, 182 
Diamagnetic materials, 176 
Dielectric absorption loss, 325 
Dielectric breakdown voltage, 123 
Dielectric constant, 310 

table of, 499 
Dielectric, effect of, on capacitance, 

310 
forming voltage of, 333 
self-healing characteristic of, 333-334 
use of, in capacitor, 306 

Dielectric hysteresis loss, 325 
Dielectric losses, 325 
Dielectric strength, of capacitor dielec-

trics, :~26-327 
of insulating materials, 124-125 
table of, 49!} 
unit of, 124 

Dip, angle of, 182 
Dipping-needle compass, 182 
Direct current, 63 

uses of, 251 
Direct-current circuits, advanced, [42-

145 
combination, 137-145 
parallel, 133-137 
parallel-series, 1:m-141 
series, 130-133 
series-parallel, 138-139 
simple, 129-130 

Direct-current generator, 249-251, 2M 
Direct-current meters, 200-207 

(See also ).feters) 
Direct-current power systems, 23,1-235 
Direct-current voltage divider, 149-154 
Discharge of capacitor, 308, 468 
Distributed capacitance, of choke coil, 

420-421 
effect of, 427-430 
methods of reducing, 3:H 
principle of, 329-331 

Distributed inductance, 427-430 
Distributed resistance, 427-430 
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Dry cell, action of, 93-94 
capacity of, 94-!)5 
care of, 93, 96 
construction of, 93 
rating of, 9-1-!)5 
shelf life of, 96 
sizes of, 91-96 

Dry electrolytic capacitor, 335-34;3 
(See also Electrolytic capacitor) 

Dynamic electricity, 45, 58-59 
Dynamomctcr-type meters, 206-207 
Dyne, 56, 167-168 

E 

Ear, 22-23 
Earth, geographic poles of, 179-180 

magnetic characteristics of, l 7!.J-180 
magnetic field of, 179-180 
magnetic poles of, 179-182 

Echo,26 
Eddy currents, 295 
Edison effect, 11-12 
Efficiency, of generator, 261-262 

of transformer, 261-262 
Electric current (see Current) 
Electrical degrees, 241 
Electrical instruments, classification of, 

198 
Electricity, dynamic, 45, 58-59 

fundamental units of, 67-70 
nature of, 45 
need for knowle'1<?;e of, 40 
static, 45 

(See also Static electricity) 
Electrode, 88-89 
Electrolysis, 62 
Electrolyte, chemic~ 1 action of, in bat­

tery, 90, 103-106 
definition of, 89 
use of, in capacitors, 331, 335-337 

in storage battery, 108-109 
Electrolytic capacitor, 331-343 

action of, 331-332 
comparison of wet and dry, 3.'39-:340 
construction of, 334-339 
containers for, 3.'39 
current characteristics of, :Hl-342 
dielectric used in, 332-333 
dry, 335-3;39 
electrical characteristics of, 339-343 

Elrctrolytic capacitor, elect rolyu, mwd 
in, :w, :tlf,- :i:li 

cquivalP11t series rrRiHtlUH'P of, :H2 
factors affoct iug capaci t:trH·e of, 3:i2 
forming of, :l:H-:3:tl 
impcdaru:P d1ar:wteristic·s of, :J.12 :i.1:l 
noupolarizrcl typ<', 3-IO-:lH 
polari7.(•d type, :l-lO 
power fact or of, :1-12 
principles of, :n1 
temperature characteristics of, 3-12-:l-l:l 
uses of, 3·17-:34!) 
voltage rating of, 3·11 
wet, 3;i4-:3;35 

Electromagnetic field, principles of, 182-
186 

Electromagnetic induction, definition of, 
60 

principles of, 2:l5-238 
Electromagnetic meters, 202-207 
Electromagnetism, 182-1!}2 
Electromotive force, definition of, 70 

induced, 235-2:l8, 283 
Electron, free, 49, 70 

orbital, 48-49 
planetary, 48-49 

Electron beam, 37 
Electron flow, 4!.J, 58, 69, 91 

direction of, 58-59, 91 
Electron theory, of capacitor action, 

306-:309 
of matter, 46-49 

Electrostatic charge, shielding of, 5-1-55 
unit of, 57 

Electrostatic field, principles of, 55-58 
Electrostatic lines of force, 55-56 
Electrostatic meters, 198-200 
Electrostatic voltmeter, 1!)9-200 
Electrostatics, 45-46 
Electrothermal meters, 200-202 
Elements, chemical, 46 
Energy, 73-74 
Equations, summary of, 490-496 
Equivalent reactancc, 381 
Equivalent resistance, in alternating­

current circuits, :381 
of capacitor, 342 

Exponents, use of, in calculations, 150--
151 

Eye, 28, 32 
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F 

Farad, 309-310 
Faure plate, 107 
Ferromagnetic materials, 176 
Field, density of, 169-173 

electric, and radio waves, 17, 35 
electromagnetic, about coil, 185-186 

principles of, 182-187 
around wire, 182-185 

electrostatic, principles of, 55-58 
magnetic, 169-173 

and radio waves, 17, 35 
Field coil, 252 
Filter choke, 287,292 
Filter circuits, 431-443 
Filters, action of, 4;31-433 

band-pass, 436-437 
band-stop, 437 
high-pass, 435-436 
low-pass, 434-435 
m-derived, 442 
multisection, 438-441 
1r-type, 440-441 
resistor-capacitor, 442-443 
T-type, 439-440 
types of, 434-443 

Fixed capacitor, calculation of, 310-315 
ceramic, 315 
electrolytic, 331-343 

(See also mectrolytic capacitor) 
mica, 312-313 

color code for, 502-503 
oil, 315 
paper, 313-315 

Fixed resistor, 126-127 
Fleming valve, 12 
Fleming's right-hand rule, 236-237 
Flux density, 172-173 
Force, of attraction and repulsion, elec­

trostatic, 56-58 
magnetic, 167-168 

electrostatic, 55-56 
magnetic lines of, 169-171 

Formed plate, of battery, 105 
of capacitor, 331-333 

Free electrons, 4\J, 70 
Frequency, audio-, 24-25 

beat, 27 
calculation of, 18-20, 241 
definition of, 18 

Frequency, radio-, 18-21 
ranges of, 21 

of light waves, 29-30 
of power systems,·242 
of radio receivers, 25 
of radio systems, 242 
of sound waves, 2-1-25 

Frequency modulation, 13 
Frequency spectrum, 21 
Frictional electricity, 49-54 

G 

Galvanic cell, 87 
Galvanometer, 198,221 
Gang capacitor, 319 
Gauss, 175 
Generation of voltage, chemical, 59, 89-

91 
magnetic, 60-61, 235-238 
thermal, 59-60 

Genera tor, alternating-current, 239-241 
construction of, 251-254 
power system, 235 
principle of, 23\J-241 

direct-current, construction of, 25-i 
power system, 234-235 
principle of, 249-251 

efficiency of, 261-262 
simple, 238-239 

Gilbert, 190-191 
Graph paper, 393 
Graphs, interpretation of, 397-3!)8 

plotting of, 393-398 
simple, 393 
use of, 393, 3!)7-398 

Grid, 12 

H 

Heating effects, of current, 61-62 
Heliograph, 2, 5 
Henry, 271 
Heusler's alloy, 176 
High-frequency choke, 289-292 

resonant frequency of, 420-421 
High-frequency resistance, 294-295 
High-pass filter, 435-436 
Honeycomb coils, 2\Jl 
Horsepower, 72 
Horseshoe magnet, 17i-178 
Hot-wire meters, 200 
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Hydraulic analogy of current flow, G6, GS 
Hydrometer, 110-112 
Hypotenuse, 506 

I 
Iconoscope, 33 
lllumination, intensity of, 2!) 
Image impedance, 441 
Impedance, calculation of, 34-1-347 

in alternating-current circuits, 360-
362 

in capacitor, 323-325 
in inductance coil, 276-277 

characteristic, Hl-142 
common, 443-4·14 
image, 441 
iterative, 441 
load, 441 
in parallel resonant circuit, 409-414 
in series resonant circuit, 402-406 
source, 441 
in triangle, 3Gl 

Impedance-coupled circuit, 289 
Independent variable, 393-3\H 
Induced voltage, of generator, 238 

of mutual inductance, 283 
principles of, 237-2.19 
of self-inductance, 268-269 

Inductance, 267-301 
calculation of, of air-core coils, 273-274 

impedance method, 296-298 
mutual, 280-286 
self-, 271-274 
solenoid, 271-274 

measurement of, 229-230, 295-298 
alternating-current bridge method, 

229-230 
~omparison method, 295-296 
impedance method, 296-298 

mutual, 280-286 
calculation of, 280-286 
circuit. reactions, 280-284 

self, 271-274 
calculation of, 271-274 
circuit reactions with, 268-271 

unit, of mutual, 280-281 
of self, 271 

Inductance coils, 287-292 
Induction, magnetic, 174-175 
Inductive coupled circuits, 444--445 

(See also Coupled circuits) 

Inductive rractance, iu altcrnati11~­
currc11t cir('uit:;, :iw 

of coil, 27•1-275 
vector analysi:; of, :lG7-3G'J 

Inductors (see Coils) 
Initial leakage current, 3-11-3-12 
Instantaneous value of alternating cur-

rent, 242-243, 245 
Instruments, 198-230 

(Sec also ::\Icters) 
Insulators, breakdown voltage of, 123 

classification of, 125 
definition of, 12:~ 
dielectric strength of, 12-1 
uses of, 125 

Intermediate-frequency amplifier, 3!) 

International standard units, 67-69 
Interrupted current, GJ-65 
Ion, 00 
Ionization, 90 
Iron-vane meters, 205-206 
Isogonic lines, 181 
Iterative impedance, 441 

K 

Kilo, 18, 74 
Kilocycle, 18 
Kilovolt., 74 
Kilowatt, 74 
Kilowatt-hour, 74 
Kinescope, 1G 

L 
Lag, angle of, 279-280 
Lagging current, caused by inductance, 

276-280 
of perfect inductor, 359 
vector representation of, 367-368 

Layer-Bilt battery, 100 
LC checker, 407 
LC product, 40()--407 
LC ratio, 407-408, 458 
Lead, angle of, 322, 32-1 
Lea<l-acid storage hattery, 103-111 
Leading current, of perfect capacitor, 

322,360 
of practical capacitor, 324 
vector representation of. 367-368 

Leakage loss, in capacitor: 325 
Left-hand rule, for a coil, 185-186 

for a wire, 18-1-185, 268 
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Lenses, applications of, 31-32 
concave,31 
convex, 31 
definition of, 31 

Lenz's law, 270 
Letter symbols, 75-76, 487--489 
Light, 27-32 

brightness of, 29 
characteristics of, 28-29 
color of, 29-30 
infrared, 30 
intensity of illumination of, 29 
propagation of, 30 
reflection of, 31 
refraction of, 31 
speed of, 29 
theory of, corpuscular, 28 

quantum, 28 
transmission of, 28-29 
ultraviolet, 30 
use of in television, 27 

Light waves, frequency of, 29-30 
wavelength of, 29-30 

Lightning, 54 
Lightning rods, 54-55 
Lines of force, electrostatic, 55-56 

magnetic, 170--171 
Litz wire, 295 
Local action, 92-93 
Lodestone, 16:1-164, 180 
Loudspeaker,35 
Low-pass filter, 434-435 

M 

:\Iagnet, actions of, 166-167 
artificial, 163-164 
attraction of, 167-168 
bar, 177 
field about, 169-170 
horseshoe, 177-178 
laminated, 178 
law of attraction and repulsion, 167-168 
natural, 163 
permanent, 164 
permeability of, 176 
poles of, 165 
retentivity of, 176 
ring, 178-179 
strength of, 171 
temporary, 165 
uses of, 165 

Ivlagnetic calculations, 186-192 
l\lagnetic circuits, 186-192 
l\f,agnetic compass, 180--181 

dipping needle, 182 
early use of, 162 

:-.Iagnetic declination, 181-182 
Magnetic deviation, 181-182 
l\fagnetic dip, 182 
Magnetic field, 169-173 

about a coil, 185-186 
about a wire, 182-185 
intensity of, 171 
radio waves, 17, 35 

l\fagnetic flux density, 172-ln 
l\Iagnetic force of attraction and re­

pulsion, 167-168 
Magnetic induction, 17,1-175 
Magnetic lines, 169-170 

of force, 170-171 
of induction, 169-170 

Magnetic materials, classification of, 
175-177 

definition of, 163 
Magnetic pole strength, 167-168 
Magnetic poles, of earth, 17!)-182 

of magnet, 165 
:\fagnetic reluctance, calculation of, 188-

192 
definition of, 175 

Magnetic repulsion, 167-168 
Magnetic screen, 178-179 
Magnetic shielding, 179, 292-293 
Magnetic units, 175-176, 188 
Magnetic variation, 182 
Magnetism, 162-192 

electromagnetism, 182-192 
molecular theory of, 166 
Ohm's law for, 188, 190 
residual, 176 
theory of, 166-167 

Magnetite, 163 
Magnetomotive force, 190 
Matter, structure of, 46-48 
Maximum value, of alternating current, 

24:1, 245 
l\Iaxwell, 170 
Mega, 19 
Megacycle, 19 
Megohm, 74 
Meter scales, complex, 214-215 

expanded, 205 
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'.\Icter scales, irregular, 21-1 
logari thmie distribution, 204-205 
multiple, 2l4-215 
produced with concentric pole faces, 

202-204 
produced with ecc-cntric pole faces, 

204-205 
square-law distribution, 20-1-205 
uniform, 203-205, 214 

l\Ieters, 198-2:30 
alternating-current, 199-202, 205-20\) 
ammeters (see Ammeters) 
combination, 225-226 
direct-current, 200-207 
dynamometer, 206-207 
electromagnetic, 202-207 
electrostatic, 198-200 
eleetrothermal, 200-202 
hot-wire, 200 
how to read, 215-216 
iron-vane, 205-206 
ohmmeter, 222-225 

(See also Ohmmeter) 
permanent-magnet type, 202-205 
rectifier type, 207-209 
voltmeters (see Voltmeter) 

l\Iho, 122 
Micro capacitor, 318 
:\1icroampcrc, 74 
'.\licrofarad, 310 
.\Iicromicrofarad, 310 
.\licrophonc, 33, 35, 37 
.\licrovolt, 7-1 
::\lidget capacitor, 318 
'.\Iii, circular, 120 

circular mil-foot, 120 
square, 120 

.\lilliampere, 74 

.\Iillivolt, 74 

.\1ini-.\Iax battery, 100-101 
'.\fodulated wave, 33, 35, 37, 39, 453 
.\lodulator,32,35 
.\iolccular theory, of magnetism, 166 
.\1olecule, 47 
.\Iorsc code, 4, 8 
.\1otor-generator set, 113-114 
.\loving-coil meters, 202-205 
.\Iultiplier, voltmeter, 218-220 

.\lutual inductance, ralcul11tion of, 280-· 
282 

of scriPs-conncct<'d iruludors, 281--28G 
unit of, 280-28l 

N 

:Naturnl magnets, 16:3 
~egative charge, of battery, 90-Ul 

of capacitor, 30i-:3CY.J 
of static clectrici ty, 49-55 

K cgativc electrode, 90 
Kegative ion, 90 
Kegative plate, lGa-107 
Kickel-iron storage cell, 103 
K oninductice capacitor, :H3-315 
K oninductive winding, 2\JS-2\J!J 
Konmagnctic substance, 176 
Kon polarized capacitor, 3-10-3-11 
Konsinusoidal waves, 244 
Korth magnetic pole, 180 
Nucleus, 48 

0 

Oersted, 171, 175 
Ohm, 70 

international, 69 
megohm, 74 

Ohmmeter, 222-225 
parnllel-rcsistor method of compensa­

tion, 225 
principle of, 222-223 
series-resistor method of compeni,a 

tion, 223-224 
Ohm's law, 66-67, 70 

for alternating-current .::ircuits, 361-
362 

for direct-current circuits, 129 
for magnetic circuits, 188, 190 

Optimum coupling, 464 
Orbital electrons, 48-49 
Ordinate, 393-397 
Origin, point of, 393,397 
Oscillator, 35, 37 
Oscillatory current, 63-6-1 
Overcoupled amplifier, 458-461 

p 

Padder, 320 
Pancake coil, 273 
Parallax, 215-216 
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Parallel circuits, advantages of, 136 
alternating-current, solution of, 375-

378 
characteristics of, 135 
currents in, 133 
definition of, 133 
direct-current, resistance of, 134-135 

solution of, 136-137 
disadvantage of, 136 
energy of, 135 
magnetic, 192 
power of, 135 
resonant, 409--421 

(See also Resonant circuits) 
uses of, 136 
voltages of, 134 

Parallel-series circuits, alternating-cur­
rent, 378-381 

direct-current, 139-141 
Paramagnetic material, 176 
Peak ripple voltage, 3-H 
Peak voltage, 341 
Period, 2-11-2-12 
Permalloy, 176 
Permanent magnet, 164 
Permanent-magnet moving-coil meter, 

202-205 
Permeability, 176 
Permeability curve, 189 
Permeance, 175-176 
Persistence of vision, 32 
Phase angle, in alternating-current cir­

cuits, 371 
with capacitance and resistance, 324 
with inductance and resistance, 279-

280 
Phase relation, current and voltage, 357-

358 
Picture-signal amplifier, 37, 39 
Picture tube, 39 
Planetary electrons, 48-49 
Plante battery plate, 107 
Point of origin, 393, 397 
Polarization, 92, 93 
Poles, of magnet, 165 
Positive charge, of battery, 90-91 

of capacitor, 307-309 
of static electricity, 49--55 

Positive electrode, 90-91 
Positive ion, 90 

Positive plate, 103-107 
Potential, 58 

difference of, 58 
Potentiometer, 146-149 

taper, I,17-148 
uses of, 147 

Poulsen arc, 11 
Power, actual, 369-370 

apparent, 369 
calculation of, in alternating-current 

circuits, 369-371 
in direct-current circuits, 72-73 

electrical, 71-73 
true, 369-370 
units of, 72 

Power apparatus, 234-262 
(See also Genera tors; Transformers) 

Power factor, 370-371 
Power supplies, types of, 234-235 
Practical units used in electricity, 70 
Primary cell, 89-96 
Primary impedance, 288 
Primary winding, 256-257, 280 
Propagation, of light waves, 30 

of sound waves, 22-23 
Protons, 48-54 
Pulsating current, 63 

Q, of coil, 290, 297 
definition of, 403 

Q 

effect of, on impedance of parallel 
resonant circuit, 413--414 

on slope of resonance curves, 403--40-1 
on voltages of series resonant circuit, 

409 
on width of band pass in amplifier 

circuits, 455-458 
on width of resonance curves, 40-1-

406 
effective, of coupled circuit, 455-458 

R 

Radio batteries, 98-103 
(See also Battery) 

Radio circuit, development of, 12-13 
Radio communication, basic electrical 

principles of, 8-9 
early history of, 8-11 
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Hadio-frcqucncy amplifier, 35, 37 
Radio-frequency choke, 289-2!)1, 292 
Radio-frequency transformer, 2!) 1-292 
Radio-receiving operations, 32-37 
Radio-transmitting operations, 32-37 
Radio waves, 17-22 

speed of, 17 
Reactance, capacitive, of capacitor, 321-

323 
effect of, in alternating-current cir­

cuit, 360 
vector analysis of, 367-368 

equivalent, 381 
inductive, effect of, in alternating­

current circuit, 359 
of inductor, 274-275 
vector analysis of, 367-368 

Reciprocal, 122 
Rectifier, copper oxide, battery charger, 

113 
meter, 207-209 

tungar, 112-113 
Rectifier-type ammeter, 207-209 
Rectifier-type voltmeter, 207-209 
Reflection, of light, 31 

of sound, 26 
Refraction, of light, 31 
Reluctance, 175, 188-,-189 
Heluctivity, 175 
Residual magnetism, 176 
Resistance, 66-67 

of coil, alternating-current, 295 
direct-current,, 293 
effect of, 276-277 

direct-current, 125 
equivalent, of alternating-current cir­

cuit, 381 
of capacitor, 342 

high-frequency, 295 
measurement of, 220-223, 227 

by ohmmeter, 222-223 
voltmeter method of, 221-222 
voltmeter-ammeter method of, 220 
by Wheatstone bridge, 22fi-229 

ohmic, 295 
specific, 120-122 

table of, 497 
temperature coefficient of, 119 

table of, 497 
units of, 69, 70 

Ilesistivity, 119-120 
Hesis1ors, adjustable, 127--128, J.15--1-HJ 

automatic resis1:mcP--coutrol, 128 
carbon, 12G-127 
classification of, 12(H27 
color code for, 12H, 5()(}-501 
equivalent circuit of, 428-430 
fixed, 126-127 
power rating of, 129 
taper of, 147-148 
tapped, 128, 151-154 
tolerances of, 128 
uses of, 128, 147-149 
variable, 127, 145-149 
voltage divider, 14!)-150 
wire-wound, 126-128 

Resonance, definition of, 392 
frequency of, for parallel resonaDt 

circuit, 410 
for series resonant circuit, 398-400 

parallel, 409-414 
series, 398-408 

Resonance curves, for parallel circuit, 
409-414 

for series circuit, effect of capacitance 
on, 406-408 

effect of inductance on, 406-408 
effect of resistance on, 402-403 
effect of Q on, 403-40fi 
methods of obtaining, 401-402 
width of, 404-406 

Resonant circuits, parallel, characteris-
tics of, 417 

circuit calculations of, 410-414 
classification of, 417-418 
currents in, 414-415 
definition of, 409 
impedance of, 410-414 
resonance curves of, 411, 415-416 
uses of, 417, 419~121 

series, characteristics of, 415-417 
circuit calculations of, 398-406 
classification of, 417-418 
definition of, 392 
effect of resistance in, 402-•103 
impedance of, 402-403 
resonance curves of, 401-406 
uses of, 417, 419-421 
voltage ratios of, 408-409 

Response curves, 453-460 
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Retentivity, li6 
Rheostat, advantages of, 140 

definition of, 127 
taper of, 147-148 
uses of, 115,147 

Right-hand rule, Fleming's, 236-237 
old, 185 

Right triangle, solution of, 506 
Hods, lightning, 54-55 
Root-mean-square value, of alternating 

current, 247-248 
Rotor, 315 
Rotor plates, 315--317 

s 
Scale, meter, 202-205, 214-215 

(See also :'.\Ieter scales) 
Scanning, 37-39 

electronic, 15-16 
mechanical, 14-15 

Screen, magnetic, 178-179 
Secondary cell, 80, 103-111 
Secondary winding, 256-257, 280 
Selector, 35, 37, 39 
Self-inductance, 271-274 
Semaphore, 1-2, 4 
Sensitivity of voltmeters, 212-213 
Separators, battery, 107, 114 
Series circuits, alternating-current, 

complex, 362-36-1 
simple, 360-362 
solution of problems for, 371-379 
vector analysis of, 365-369 

characteristics of, 131 
currents in, 130 
definition of, 130 
direct-current, resistance of, 130 

solution of problems for, 132-133 
disadvantages of, 132 
energy of, 131 
magnetic, 191-102 
power of, 131 
resonant, 398-409, 415-421 

(See also Resonant circuits) 
uses of, 131-132 
voltages of, 130 

Series-parallel circuits, alternating-cur­
rent, 381-384 

direct-current, 138-13\) 
Shielding, electrostatic, 54-55 

magnetic, 292-203 

Shunt, meter, 215-218 
Side bands, 453 
Signaling, 1-2 
Siiicon steel, 288 
Sine, 506 
Sine table, 507-508 
Sine-wave voltage, 243 
Sine waves, addition of, 250-251 
Skin effect, 294 
Slope of resonance curve, effect of cou­

pling on, 455-460 
effect of resistance on, 403--404 

Solenoid, calculating inductance of, 271-
274 

principles of, 185-186 
Sound, 22-27 

beat frequency of, 27 
characteristics of, 22-23 
forced vibration of, 27 
frequency of, 23-2-1 
frequency ranges of, 24-25 
frequency range of radio receivers for, 

25 
fundamental note in, 26 
harmonics in, 26 
intensity of, 23 
loudness of, 23 
musical, 25 
noise, 25 
overtones, 26 
pitch of, 24 
quality of, 26 
reflection of, 26 
speed of, 23 
sympathetic vibration caused by, 26-

27 
use of, in radio, 22 
wavelength of, 24 

Sound waves, 22-27 
audible, 32, 35 
forced vibrations of, 27 
frequency ranges of, 24-25 
frequency ranges of, in radio receivers, 

25 
resonance caused by, 27 
sympathetic vibrations of, 26-27 

Source impedance, 441 
South geographic pole, 179-180 
Specific reluctance, 189 
Specific resistance, 120-122 
Specific resistivity, ll\J-120 
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Speech amplifier, 35, 37 
Split-stator capacitor, 318-319 
Square root, 7~82 
Stagger tuning of amplifier circuits, 

458--461 
Standard units, in electricity, 67-70 
Static electricity, definition of, 45 

explanation of, 49--57 
production of, 45 
useof,46 

Stator, alternating-current generator 
253 

in variable capacitor, 315 
Stator plates, 315-317 
Storage battery, capacity of, 106, 109-111 

care of, 113-115 
charging of, 103-106, 111-113 
commercial cells for, 106-109 
construction of, 106-109 
lead-acid type of, lDa-111 
rating of, 109-111 
testing of, 111-112 

Strength, dielectric, 124 
table of, 499 

Subscript method of notation 76 
Substances, for conductors, 1i8-123 

diamagnetic, 176 
ferromagnetic, 176 
for insulators, 123-125 
magnetic, 175-176 
nonmagnetic, 176 
paramagnetic, 176 

Sulphation, 115 
Surge voltage, 341 
Sweep circuits, 37-39 
Symbols, 75-76 

drawing, 75, 477-486 
electrical and radio, 477-486 
letter, 76, 487-489 

Synchronizing circuits, 37-39 

T 

Tables, of abbreviations, 487-489 
color-coded, for resistors, 500-501 
cosine, 507-508 
dielectric constant, 499 
dielectric strength, 499 
of drawing symbols, 477-486 
of letter symbols, 487-489 
sine, 507-508 

Tables, specific rPHisltlllcP, •l!l7 
t.emperatuw rocHi<'iPnl, •l!J7 
wire, 4!)8 

Taper, 147-J.18 
Telegraph, 3-1 
TclPphone, •l-7 
Television, 1:3- 17, :l2-:35, :n-:m 

basic princi1ilcs of, 13-17 
iconoscopP, 15 
kinescopc, 16 
lines-per-picture, 16 
scanning, ];!-16 

camera tube in, :3:3, 37 
iconoscope, 15, 33 
image dissector, 15 

channels in, 33-35, 37 
definition of, 27 
early history of, 13-17 
picture carrier wave in, 39 
principles of operation of, 32-35, 37-

39 
sound carrier wave in, 39 
use of inductors in, 300-:301 
use of light in, 27 

Television-receiving operations, 32-35, 
37-39 

Television-transmitting operations, 32-
35, 37-39 

Temperature coefficient of resistance, 
119--120 

Temporary magnet, 165 
Theorem of Pythagoras, 506 
Thermal-type meters, 200-202 
Thermocouple, 59--60 
Thomson inclined-coil meter, 206 
Time constant, 277-279, 460-470 

for capacitance and resistance, 465--468 
for inductance and resistance, 277-279, 

460---465 
universal curves of, 469--470 

Time-delay circuits, 460-471 
Transformer, audio, 287-289 

color code for, 292, 504-505 
core of, 288 
in coupling, 288-289 
!)fficicncy of, 261-262 
intermediate-frequency, 292 
output, 288 
power, 254-260 
principles of, 256-259 
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Transformer, radio-frequency, 291-292 
uses of, 254-255, 300 

Transverse waves, 28 
Trigonometric functions, 506-509 
Trigonometry, 506 
Trimmer, 320 
Tuned circuit, ::102 

(See also Resonant circuits) 
Tungar rectifier, 112-113 
Tuning, 35, 37, 39 
Turns ratio for transformers, 257 

u 
Unidirectional current, 63 
Gnit magnet pole, 167 
Units, electrical, 67-74 

magnetic, 175-176, 188 
Universal time-constant curve, 469-470 
Gniversal winding, 291 

V 

Vacuum tube, 11-13 
Variable, dependent, 393-395 

independent, 393-395 
Variable capacitor, calculation of, 319-

320 
construction of, 315-317 
gang, 319 
multiple, 319 
ranges of, 317-318 
split-stator, 318-319 
transmitting, 318 

Variable inductor, 284-286 
Variable resistor, 127, 145-149 
Variocoupler, 284-286 
Variometer, 284-286 
Vector, definition of, 365 

direction of rotation of, 365 
graphical method of solution by, 365-

366 
mathematical method of solution by, 

366 
sine function and, 366 
solution of circuit impedance by, 

with resistance and capacitance in 
series, 368 

with resistance and inductance in 
series, 367-368 

with resistance, inductance, and 
capacitance in series, 369 

Vector method of determining in-phase 
and quadrature components of cur­
rent, :n8 

Vector representation, of sine-wave volt­
age, 365 

of voltage and current, 366-367 
with current in phase with voltage, 

366 
with current lagging voltage, 366-367 
with current leading vol tagc, 366-367 
in parallel circuit, 377, 378 
in parallel-series circuit, 381 
in series circuit, 372, 374 
in series-parallel circuit, 384 

of wheel diagram, 365-366 
Video amplifier, 37, 39 
Vision, persistence of, 32 
Visual means of communication, 1-2 
Volt, 70 

international, 69 
microvolt, 74 
millivolt, 74 

Voltage, 66, 70 
average value of alternating-current, 

243-245 
breakdown, of capacitors, 326-327 

of insulators, 123 
counter, 449 
drop of, 130 
effective value of alternating-current, 

245-249 
gain of, in series resonant circuit, 408-

409, 419-420 
induced, of generator, 238 

of mutual inductance, 283 
principle of, 237-239 
of self-inductance, 268-269 

instantaneous value of alternating 
current, 2·12-243, 245 

maximum value of alternating current, 
243,245 

measurement of, 210--213 
methods of producing, 59-61 

Voltage divider, 149-15·1 
calculation of, 151-154 
power rating of, 153-154 

Voltaic cell, 87, 89-91 
Voltampere, 369 
Voltmeter, alternating-current, 198-202, 

205-209 
connecting of, 210--211 
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Voltmeter, D'Arsonval-type, 202 
direct-current, 202-207 
dynamometer-type, 206-207 
electrostatic-type, 198-200 
hot-wire type, 200 
increasing range of, 212, 218-220 
iron-vane-type, 205-206 
method of measuring resistance with, 

221-222 
permanent-magnet moving-coil type 

of,202-205 
precautions in using, 21:3 
reading, 215, 216 
rectifier-type, 207-209 
scales on, 214-215 
sensitivity of, 212-213 
thermocouple-type, 200-202 

Voltmeter multipliers, 218-220 

w 

Watt, 72 
Wave, audio, 32, 35 

carrier, 32 
longitudinal, 22-23 
modulated, 33, 35, 37, 39 
nonsinusoidal, 244 
picture carrier, 37-39 
radio, 17-22 
sine, 243 
sound, 22-27 
sound carrier, 37-39 
transverse, 28 

Wave trap, ·II!l 
Wavelength, 18-20 

calculation of, 18, 20 
definition of, 18 
of light waveH, 2!J :m 
of RClllll<i W:IVPS, 2:3-24 
in spectrum, 21 

Weber's theory of magrietisrn, 166 
Wet electrolytic capacitors, :3:31-:33.5, 

;3;39-:3-1;3 
(See also Elc>ct rolyt ic capaciton;) 

Wheatstone bridge, 226-22H 
Wheel diagram, 244, :l65-:366 
Wide-hand-pass amplifier circuits, 458-

460 
methods of obtaining, 458, 459 
in frequency-modulated receivers, 458-

459 
in television receivers, 458--460 

Width, of band pass, 455-458 
of frequency band, 404-406 

Wigwag, 1, 3 
Wire, magnetic field around, 182-185 

resistance of, 120-122 
table, 498 

Wire gauge, 121 
Wire table, 498 
Wireless, 7-11 
Wire-wound resistors, 126--128 
Work, 71-72 

z 
Zero potential, 58 


