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Preface

This book, as indicated in its subtitle, is a handbook to serve as a
guide and reference book for the practical man, as a collection of
problems for instructors, and as a review for those who want to ac-
quire a rapid practical skill in solving problems in preparation for
radio license examinations given by the United States Federal Com-
munications Commission. )

The student of radio will find a number of problems covering the
electrical fundamentals of- direct and alternating current, as well as
representative problems in radio communications including television.
The sections on receivers and transmitters include problems to assist
in clarifying the prineciples involved, especially valuable for pro-
fessional radio and television operators, and problems arising in actual
shop work of the technician and the radio amateur. Applicants for
United States radiotelephone and radiotelegraph licenses of all
classes will find the solutions to all problems of the Study Guide of
the Federal Communications Commission requiring mathematical
analysis. The radio and television serviceman, though he will find
informative problems in all sections, may concentrate his attention
on the sections pertaining to receivers, power supplies and measure-
ments. He may also profit by reviewing the problems on control
circuits and gas-filled tubes, because of the increased demand for him
to service electronic circuits other than those of communication de-
vices in his business. Instructors will find the section Problems for
Further Practice valuable for home and eclassroom assignments.
-Students using the book for home study should devote considerable
time to this section for which answers are provided. Since this section
contains problems similar to those discussed in detail in previous
sections, it is felt that they will add materially to the students’ grasp
of the subject.

The book is an outgrowth of the material presented in the author’s
v



vi PREFACE

classes in Mathematies of Communications. As a teacher, the author
had two purposes in mind when he decided that the following pages
should be put into the form of a book.

First, he wanted to demonstrate to the reader engaged in or enter-
ing the field of electronics, who is overcome by pessimism as to his
mathematical capacities, how it is done. There is no danger of telling
the beginner too much. Electronics has become much too universal a
field, universal in its all-embracing application and universal in the
type of persons working in it. No longer can teachers afford to forget
that the obvious may be inconceivable to one unfamiliar with the
tools of mathematics.

Second, the author has become increasingly aware of the great
educational value of numerical analysis as compared with literal
analysis. To most persons except professional mathematicians, figures
have a real meaning, whereas letters have not. Also. the analysis of a
circuit with numerieal circuit constants leads to ever simpler results:
thus 2 + 3 + 5 will read 10 in the subsequent step of a calculation,
whereas R, + R, -+ r, will remain R, + R, + 7, in the next step,

. and will accumulate into a tangle of letters which appears monstrous
to the beginner. The several literal derivations included in the book
aim-to clarify in detail the sequence of steps taken, rather than to
solve a practical problem in terms of letters.

The intelligent reader knows he will not profit a great deal by
merely reading the solutions as presented by the author. He will try
to solve the problems for himself and compare his method with the
one presented in the text. Only after he has endeavored seriously to
solve a problem and has encountered difficulties which he feels he
cannot overcome should he resort to the given solution as a last ex-
pedient. :

A working knowledge of algebra and trigonometry is the mathe-
matical prerequisite to an understanding of this book. The reader who.
has acquired mathematical knowledge from general textbooks not
written especially for the student of electronics, will find supple-
mentary material in the section Some Important Tools of Radio
Mathematics. To readers who feel that they need a review in mathe-
matics the author recommends standard mathematical textbooks



PREFACE vii
such as “College Algebra” by Paul R. Rider and ‘““Plane and Spheri-
cal Trigonometry’”’ by the same author, both published by The
Macmillan Company. The electrical prerequisite is a basic knowledge
of electricity and radio communications.

The author wishes to extend his thanks for the helpful suggestions
he has received from Carter V. Rabinoff, Dean of Instruction of Amer-
ican Television Laboratories of California, and Frederic M. Weil of
the Design Engineering Division of Gilfillan Brothers, Inc., of Los
Angeles. Thanks are also due to Herbert V. Jacobs, head of the
mathematics department of American Television Laboratories of
California for checking the proofs and to The Macmillan Company
for the editorial assistance rendered by their readers and advisers.

Bernhard Fischer
Hollywood, California
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SECTION I

Problems and Solutions

The reader, though equipped with the prerequisites
mentioned in the preface, is referred to Section III,
“Some important tools of radio mathematics” and
Section IV, ‘“Formulas and tables”. Many problems
of simpler type will require no more than the applica-
tion of formulas. Others will demand different degrees
of thoughtful analysis.
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1 Circuit Components

Resistance of a Line

1.01 What is the resistance of a one-mile line of copper wire, using
No. 10 AWG?

Solution: .
The diameter of No. 10 wire is 0.1019 inch = 101.9 circular mils
(Table I). Substituting in formula 1.12
R = g and from Table II, p = 10.4

we obtain R = %952280 = 5.28 ohms. Ans.

Length of a Desired Resistance

1.02 What is the length of No. 27 copper wire necessary to make a
shunt of 0.1 ohm?

Solution:
Using R = %
10.4 X I
we have 0.1 = —zio (Table I),
2
and 1= El%i_()l = 1.94 feet = 23.3 inches. Ams.

Constantan Shunt

1.03 What would be the length of the shunt in problem 1.02 if

constantan wire were used?
3



4 PROBLEMS AND SOLUTIONS Ch. 1
Solution:

Substituting in
R = :—;é and using Table IT
295 X 1
we have 0.1 = 142
— e 14.22 X 0.1

295
= 0.0682 foot = 0.816 inch. Amns.

A solution ean also be obtained by considering the fact that the ratio
of the specific resistances is

o 1295

P 104 = 28.4;

the constantan shunt will therefore be %4 of the copper shunt,
and 23.3/28.5 = 0.816 inch. Ans.

Nichrome Shunt
1.04 What would be the length of the shunt in problem 1.02 if
nichrome wire were used?
Solution:
The ratio of the specific resistances is (Table IT)

pni _ 600

sl Tom 57.7.
Thus the nichrome shunt will be 571 7 of the copper shunt,
and 23.3/57.7 = 0.404 inch. Amns.

Calculating the Wire Gauge

1.05 If the shunt in problem 1.02 is to be 10 inches long, what is the
diameter of the wire to be used? What is the approximate AWG
number?
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Solution:

Using 7 = l%z, and expressing the inches in feet
_ 10.4 X 10
we have 0.1 = m‘
, 104 X 10
gud = 01xi2
104 el
&= 5 = V/86.6

= 9.31 mils = 0.00931 inch.
The approximate AWG is No. 31. Ans.
For precision work the length should be recalculated for No. 31 wire.

Temperature Considerations

1.06 The field resistance of a dynamic speaker is 445 ohms before
operation, at a temperature of 78F. If the operation causes a rise of the
temperature to 98F, what is the resistance under operating conditions?

Solution:
Expressing the above temperatures in centigrade (formula 1.411),

5
t, = 9 F — 32)
5
=9 (78 — 32) = 25.56C
5
ty = 9 (98 — 32) = 36.7C.
Formula 1.14 can be used to calculate the resistance at 20C with

@z = 0.00393 (Table II).
The temperature decrease is

20 — 25.56 = —5.56C.
Substitutingin Rz = B1 [l + as (—5.56)]
we obtain Rz = 445 [1 — 0.00393 X 5.56]

= 445 (1 — 0.0218) = 435 ohms.
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Now calculating the resistance for a temperature rise
36.7 — 20 = +16.7C
we obtain Rz = 435 (1 + 0.00393 X 16.7)
= 435 X 1.0656 = 464 ohms. Ans.

High-Frequency Resistance
1.07 What is the resistance of 2 feet of No. 28 copper wire at
50 megacycles?

Solution:
From Table I we find
d = 12.64 mils
= 0.01264 inch = 0.0321 centimeter.
Using the formula No. 1.15
83.2 X V/50 X 10°

we obtain R; = — 00321 1032
P 83.2 X 10® X 7.07 X 10?®
iy 3.21 X 1072
= 183.5 X 10~

1.835 X 102 ohms per centimeter.
Expressing 24 inches in centimeters
24 X 2.54 = 61 centimeters;
Thus R = 1.835 X 61 X 1072
=112 X 102 = 1.12 ohms. Ans.

Comparing High-Frequency and Direct-Current
Resistances

1.08 What is the d-c resistance of the conductor in problem 1.07?
What is the ratio of the r-f resistance to the d-c resistance?

Solution:
Applying formula 1.12
g _104x2 208
12.64> 160

The ratio is 1.12/0.13 = 8.6 to 1. Ams.

= 0.13 ohm.




§1.11 CIRCUIT COMPONENTS 7
Capacitor Across Alternating-Current Line

1.09 Can a capacitor designed for 150 volts maximum working
voltage be used across a 120-volt line?

Solution:
The crest voltage of a 120-volt line is
Bae = 120 X V2 = 170 volts.

No, because the rated maximum voltage would be exceeded by
20 volts. Amns.

Capacitors in Parallel

1.10 What is the total capacitance of a tuning capacitor of 360 micro-
microfarads shunted by a trimmer capacitor of 50 micromicrofarads?

Solution:
C = 360 + 50 = 410 micromicrofarads. Amns.

Combining Variable Capacitors

1.11 A 10- to 50-micromicrofarad antenna capacitor and a 30- to
150-micromicrofarad tuning capacitor are available. What ranges of
capacitance can be produced?

Solution:
Using C, alone: 10 to 50 micromicrofarads. Amns.
Using C» alone: 30 to 150 micromicrofarads. Ans.
Using both in series:
The minimum total series capacitance is

_ 10 X 30 _ 300
G =10+ 30 40

the maximum total series capacitance is

_ 50 X 150 _ 7500
= 50 + 150 200

range: 7.5 to 37.5 micromicrofarads. Ans.

= 7.5 micromicrofarads;

Cu — 37.5 micromicrofarads;
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Using both in parallel :
The minimum total parallel capacitance is
¢tp = 10 + 30 = 40 micromicrofarads;
the maximum total parallel capacitance is
Cy» = 50 + 150 = 200 micromicrofarads;

range: 40 to 200 micromicrofarads. Ams.

Power Factor of Mica Capacitor

1.12 A 0.0004 microfarad mica capacitor is found to have an equiva-
lent series resistance of 0.5 ohm at 500 kilocycles. What is the power
factor of the capacitor?

Solulion:
Using formula 1.22

of =%

we obtain
pf = 0.5 X 6.28 X 500 X 10® X 4 X 10~* X 10~°
= 6280 X 1077 = 0.000628
0.063 per cent. Amns.

Shunt Resistance

1.13 What is the equivalent shunt resistance of the capacitor in
problem 1.12? ]

Solution:
Using formula 1.23

1
R =525C X of’



§1.15 CIRCUIT COMPONENTS 9

we obtain
1
P = 538X 5 X 10° X 4 X 10-9 X 6.28 X 10

1
© 39.5 X 20 X 107°
= 10
790
= 1.27 megohms. Ans.

= 1,270,000 ohms

Paper Capacitor

1.14 A paper capacitor consists of a foil-covered paper strip
7 centimeters wide and 3 meters long. The paper is 0.0025 centimeter
thick and has a dielectric constant of 2.8. What is the capacitance?

Solution:
The area of the strip is
A =7 X 300 = 2100 square centimeters.
Using formula 1.24, we obtain

_ 0.0884 X 2.8 X 2100
0.0025

_ 884 X 2.8 X 2.1 X 10
’ 2.5 X 103

20.8 X 10% puf = 0.208 X 10° puf
0.208 microfarads. Amns.

C (in puf)

Il

Capacitors in Parallel

FCC Study Guide Question 2.63*

1.15 If capacitors of 1, 3, and 5 microfarads are connected in parallel,
what is the total capacitance?

Solution:
C =1+ 3 + 5 = 9 microfarads. Ans.

* Study Guide and Reference Material for Commercial Radio Operator BExvamina~
tions, issued by the Federal Communications Commission, Washington, D. C.
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Three Capacitors in Series

1.16 If capacitors of 5, 3, and 7 microfarads are connected in series,
what is the total capacitance?

Solution:
By formula 1.25
1 1 1 1
T T e
= 0.200 + 0.333 4 0.143 = 0.676
i 3
C = 0676 = 1.48 microfarads. Ans.

Voltage Rating of Capacitors
FCC Study Guide Question 2.67

1.17 Having available a number of capacitors rated at 400 volts and
2 microfarads each, how many of these capacitors would be necessary
to obtain a combination rated at 1600 volts 1.5 microfarads?

Solution:

To increase the rating from 400 to 1600 volts, four capacitors must

be connected in series. The capacitance of such a combination would
be

2/4 = 0.5 pf.

In order to increase the capacitance to 1.5 uf, three series banks must
be connected in parallel.

0.5 X 3 = 1.5 uf.

The number of capacitorsnow is3 X 4 = 12. Ans.

Charge of a Capacitor

1.18 What is the charge stored in a 2-microfarad capacitor with a
potential difference of 75 volts across the plates?
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Solution:
Q = E X C
THI 2 1078
= 150 X 107% = 150 microcoulombs. Ans.

Ten-Plate Capacitor

1.19 What is the capacitance of a 10-plate capacitor with a plate
area of 23 square inches and a distance between the plates of % inch?

Solution:
Using formula 1.24 with the constant 0.224 for inches, viz.,
c 0224 X K X A (n — 1)
A - 5

. _0.224 X 2.5 X 9
we obtain C = —O.r

= 40.5 micromicrofarads. Ans.

Removing Plates

1.20 How many plates of the capacitor in problem 1.19 must be
removed to reduce the capacitance to 30 micromicrofarads?

Solution:
This problem calls for the solution of formula 1.24 for n.
_0.224 X 2.5 (n — 1)
g% T 0.125

Tr ;| 30X0'125=n—1
TAnsposing  Gopr <25 J
6.7 =n—1,andn = 7.7
Since the original capacitor has 10 plates, the number of plates to be
removed is
10 — 7.7 = 2.3. Ans.
Two plates may be removed and the desired capacitance is then
obtained by bending the outer plates. Ans. .
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Combined Inductors

1.21 Two inductors with an inductance of 15 henries each are con-
nected in

a) series aiding

b) series opposing

c) parallel aiding

d) parallel opposing.

The coupling coefficient & = 0.6. What is the total inductance in each
case?

Solution:
The mutual inductance is
M = kVLiL, = 0.6 X 15 = 9 henries.
Therefore  Liw = L1 + Lo + 2 M
15 + 15 + 18 = 48 henries. Ans.

I

Lp =L+ L —2M
= 15 4+ 15 — 18 = 12 henries. Ams.
T Ly + M)(Ls + M)
= (In+ M) + (L. + M)
= %T>;24 = 12 henries. Ans.
s (Ly — M)(L, — M)

T @ — M) + L. — M)

_6Xx6

o = 3 henries. Ans.

Coupling Coefficient
FCC Study Guide Question 4.03

1.22 If the mutual inductance between two coils is 0.1 henry, and
the coils have inductances of 0.2 and 0.8 henry respectively, what is
the coefficient of coupling?
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M =k X VILiL,,
0.1 = %kV0.2 X 0.8,
0.1 = k& X V0.16,
0.1
and Sz k,
or k = % = 25 per cent. Ans.

Unity Coupling Coefficient

FCC Study Guide Question 4.10

1.23 When two coils of equal inductance are connected in series, with
unity coefficient of coupling and their fields in phase, what is the total
inductance of the two coils?

Solution:
L, =L:+ L+ 2M

=L+ L+ 2L =4L. Ans.

Sftzgle-Layer Coil
1.2[1- ‘What is the inductance of a single-layer air core inductor with
an inside diameter of 2 inches using 75 turns of No. 25 enamel-
covered wire, close-wound? (No. 25 enamel AWG has 51.7 turns
per inch.)

Solution:
. The length of the coil I = 571—7 = 1.45 inches, and the inductance is
found by using formula 1.32
I — 0.2 X D2 X N?
3D+91+10C’
_ 02X 4 X175
3 X2+ 9 X145
0.8 X 5625
6 + 13.05
= 4500
19.05

Wwe obtain L

= 236 microhenries. Ams.
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Three-Layer Coil

1.25 What is the inductance of a coil having the same speciﬁcatio'ﬁ’s ‘\

as the one in problem 1.24 but having three layers of windings?

Solution:
The thickness of three layers of winding
3 !
C = BT 0.058 inch.

The number of turns
N =75 X 3 = 225 turns.
0.2 X D2 X N2
3D+9l+10C’
0.2 X 4 X 50,625
6 + 13.05 + 0.58

0.8 X 50,625
19.63

Using L =

we obtain L =

Diameter of a Coil

Solution:

_ 0.2 X 5625 d?
44 =37 ri305

432 d + 1880
1125 d* — 432 d — 1880 =

]

= 2.062 millihenries.

il 432 4+ V186,600 + 8,450,000

2250

432 == V8,636,000
2250

_ 3372

= 5550 1.5 inches. Amns.

Ans.

1

1.26 Using the values in problem 1.24, calculate the inside diameter
of the coil for an inductance of 144 microhenries.

¥
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Question 6.12
turns ratio should a transformer have which is to be used

N5

N3

N, _ [Z, _ [500 _

N. 7 0. 7.1 to1l. Ams.

uide Question 4.19

ansformer having a turns ratio of 10 to 1, working into a
ce of 2000 ohms and out of a circuit having an impedance
: at value of resistance may be connected across the load
impedance match?

)
N/’
100,

100 X 15 = 1500 ohms;
substituted in the product-sum formula for parallel

2000 R

~ 2000 + R’

(2000 + R) X 1500
(2000 + R) X 3

= 6000 ohms. Ans.
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Effect of Coil Shape

1.29 Two single-layer coils have equal inductances. One’ eo’l ha.s a
75-turn winding 3 inches long and is 2 inches in diameter ; the second

is 2.8 inches long and 1.5 inches in diameter. Calculate the number of
turns of the second coil.

Solution: :
Using formula 1.32 sk
02X22X75 _ 02X 15 XN
3X2+4+9X3 3X15+9X28 3 &

Dividing by 0.2 and simplifying,
4 X 5625 2.25 X N2

= ¥ i

33 20.7 "

4 X 5625 X 29.7
33 X 2.25

= 95 turns. Ans.

and N

Doubling the Number of Turns

1.30 What would be the inductance of the smgle-layer co!
lem 1.24 if the number of turns were doubled?

Solution:

ance varies as the SQUARE of the turns.
L 236 X 22
= 236 X 4 = 944 microhenries.

Transformer E fficiency
FCC Study Guide Question 4.11
1.31 If a transformer has a primary voltage of
secondary voltage of 220 volts, and the transformer
of 98 per cent when delivering 23 ampéres of second
is the value of primary current?
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Solution:
The secondary power
P, = 220 X 23 = 5060 watts.
The primary power must be greater than this power output since
efficiency = 0.98;
P; = 5060/0.98 = 5160 watts.
The primary current is thus
I, = 5160/4400 = 1.174 amperes. Ans.

Three-Phase Transformer
FCC Study Guide Question 4.13

1.32 Three single-phase transformers, each with a ratio of 220 to
2200 volts are connected across a 220-volt 3-phase line, primaries in
delta. If the secondaries are connected in Y, what is the secondary line
voltage? ‘

Solution:
By formula 1.3351

E, = Es X V3
2200 X 1.73 = 3810 volts. Amns.

Il

Step-Down Tansformer
FCC Study Guide Question 5.114

1.33 What is the secondary voltage of a transformer which has a
primary voltage of 100, primary turns 200, and secondary turns 40?

Solution:
Since % = %2 ’
1 2
i Ty O e EJirN2 _ 40 2>B0100
2

= 20 volts. Ans.

- -
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Increasing the Voltage Rating

1.34 The heater winding of a transformer is rated at 7.5 volts and
3 amperes. It consists of 15 turns. How many turns should be added to

change the voltage rating to 12.6 volts? What should be the value of
the new current rating?

Solution:
N, _I
N. E.
Ny _ 126
15 = 7.5
12.6 X 15
N, = S 25.2 turns.

The turns to be added are
25.2 — 15 = 10.2 turns. Ams.
Since the power consumption is to remain unchanged,
126 X I =7.5 X 3

7.5 X3

e

= 1.785 amperes. Ans.

Primary Current

1.35 The type 849 power amplifier tube draws 5 amperes at 11 volts
from the secondary of a transformer. What is the primary current:
(a) neglecting the losses; (b) at an efficiency of 92 per cent? The pri-
mary voltage is 120 volts.

Solution:
(a) Neglecting the losses and assuming P; = P:
I X120 =11 X 5

11 5 4
I = 1;6 = 0.458 ampere. Ans.
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(b) At an efficiency of 92 per cent:
P, X 0.92 = P,
I X 120 0:920= 11 X 5

o
= 120 < 0.92 — 0.498 ampere. Ans.

Transformer Design

1.36 A 300-milliampere power transformer is to be used across a
117-volt 60-cycle line; the secondary voltage is 750 volts, center-
tapped. Common grade sheet iron is used (B = 50,000) for a 2.5 by
4.5-inch core. Calculate the number of turns in the primary, the volts
per turn, and the number of turns in the secondary. Neglecting the
losses, what number AWG copper wire should be used for the primary
and the secondary? Allow 1000 circular mils per ampere.

Solution:
The number of turns of the primary is (formula 1.34)
) E X 108
444 Xf X B XA
117 X 108

T 444 X 60 X 5 X 10* X 2.5 X 4.5
= 80 turns, approximately. Ans.
The voltage across one turn will be
117/80 = 1.46 volts per turn. Ams.
The number of turns of the secondary is

i _ 750

80 117

, _ 750 < 80
T kY

= 512 turns, tapped at 256 turns. Amns.
The current in the secondary is 300 milliamperes ; allowing 1000 circu-
lar mils per ampere,
d = 1000 X 0.3 = 300 circular mils.
Use No. 25 AWG wire. Ans.

T
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The current in the primary is (disregarding the efficiency)
I X 117 = 0.3 X 750 :

_ 0.3 X 750

Z 117

= 1.925 amperes.

Allowing 1000 circular mils per ampere,
d = 1000 X 1.925 = 1925 circular mils.
Use No. 17 AWG wire. Amns.

Primary Impedance

1.37 The secondary load of a step-down transformer with a turns
ratio 1 to 7 is 600 ohms. What is the impedance looking into the
primary?

Solution:
o et Z, N3
Substituting in Z, ~ N3
. Z e
we obtain 600 — 1°
and Z; = 49 X 600 = 29,400 ohms. Ans.

Loud-Speaker Transformer

1.38 What turns ratio will be required to couple a 3.5-ohm voice coil
to a plate load of 8500 ohms?

Solution:
. . . Zi N3
Substituting in 7. ~ N2’
; 8500 _ /N
we obtain o <N2> >
N: _ [8500

and Nebe Niseio 49.3to 1. Ans.
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Voltage Regulation of a Transformer

1.39 The secondary voltage of a transformer dropped from 750 volts
no-load voltage to 715 volts under full load. What is the voltage
regulation of the transformer?

Solution:
The voltage regulation is the ratio of the voltage decrease to the
load voltage.
_ 750 — 715
715
_ 35 _
715

V.R.

0.049 = 4.9 percent. Ams.



2 Daurect-Current Circutts

Filament Resistance

2.01 The transmitting tube type 801 requires a filament voltage of
7.5 volts and a filament current of 1.25 amperes. What is the hot
resistance of the filament?

Solution:
Applying Ohm’s law, we have
E 7.5
== ios 6 ohms. Ans.

Current of Commercial Light Bulb

2.02 A light bulb is marked: 110 volts, 50 watts. What current will
it draw from the line?

Solution:
w 50
I = 7 O 0.455 ampere. Ans.
Voltage Drop Across Line-Cord Resistor

2.03 A resistance cord of 375 ohms is used as a dropping resistor in
a 150-milliampere filament string. What is the voltage drop of the cord
and what is the combined drop of the filaments?

Solution:
EB.ra = IR = 0.15 X 375 = 56.2 volts. Ans.
When used across a 120-volt line the filament drop will be

Efitament = 120 — 56.2 = 63.8 volts. Ans.
22
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Resistance of Light Bulb
2.04 What is the resistance of the bulb in problem 2.02?

Solution:
The hot resistance is

E 110
=

Filamment Rheostat

S5WwW4

Fig. 2.05 Filament rheostat, used to cause a
voltage drop since the voltage across the trans-
former secondary is too high.

(OTHUBRE

2.05 The rectifier tube type 5W4 has a filament rating of 5 volts and
1.5 amperes. What should be the resistance of a rheostat used to drop
the voltage of a 6.3-volt filament transformer to the rated value of the
tube, with the sliding contact at mid-position? What should be its
minimum wattage rating?

Solution:
The voltage across the rheostat is
E., =63 — 5 = 1.3 volts.
The resistance from mid-point to the filament terminal is

E 1.3
R = e 0.867 ohm.

The whole rheostat has a resistance of

R,, =2 X 0.867 = 1.74 ohms. Ans.
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Its power dissipation will be

P =2XEXI=23X 195 = 3.9 watts. Amns.
A rating of approximately 10 to 20 watts should be used for safety.

Heater Element

2.06 A toaster element draws 2.25 amperes from a 117-volt line.
What are its resistance and its power consumption?

Solution:
Applying Ohm’s law, we have
E 117
R = 7 ~ 225 52 ohms. Ans.

P

E X I =117 X 2.25 = 263.5 watts. Amns.

Voltmeier Hookup

2.07 A 0-1 milliampere d’Arsonval meter with an internal resistance
of 50 ohms is used to make a voltmeter reading 150 volts full scale.
What is the value of the series dropping resistor?

Solution:
The voltage drop across the meter is
Epeter = I X B = 0.001 X 50 = 0.05 volt.

If the meter is to read 150 volts, the series resistor must cause a
voltage drop of

Breeistor = 150 — 0.05 = 149.95 volts.
Since the current is to remain 1 milliampere, the dropping resistor is
found by Ohm’s law

Ricries = = = —~—— = 149,950 ohms. Amns.

Bleeder Resistor

2.08 A bleeder resistor draws 5 milliamperes from a 275-volt power
supply. Find the resistance and the wattage dissipation.
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Solution:
Applying Ohm’s law, we have
B 275

S 0005 55,000 ohms. Ans.

P =I!R = (5 X 107%)2 X 55 X 102
25 X 107¢ X 55 X 10®
1.375 watts. Ans.

I

Grid Bias

FCC Study Guide Question 6.135

2.09 In a radio-frequency amplifier stage having a plate voltage of
1250 volts, a plate current of 150 milliamperes, a grid current of
15 milliamperes, and a grid-leak resistance of 4000 ohms, what is the
value of the operating grid bias?

Solution:
The only values used in the calculation are the grid current and the
grid-leak resistance.
Bpias = —15 X 1072 X 4 X 10°
= —60 volts. Amns.

Resistors in Parallel

2.10 Find the total resistance of 3, 5 and 7 ohms, all connected in
parallel.

Solution:
(a) Conductance method :
1 11 1 1
B R RTE
it 1 1
s
= 0.333 + 0.200 + 0.143
= 0.676 mho
1
R, = 0676 1.48 ohms. Amns.
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(b) Product-sum method:

The equivalent resistance of the 3- and 5-ohm resistors is (formula
1.172)

R =~— = o= 1.875 ohms;

this resistance in parallel with 7 ohms yields

_ product _ 1.875 X 7
~  sum 8.875

The second method requires less slide rule work.

R = 1.48 ohms. Ans.

(c¢) Assumed voltage method :
Assuming a voltage of 105 volts, the current through R; would be
105

I, = 3 = 35 amperes.
Similarly 1, = 10-5—5 = 21 amperes,
I; = g = 15 amperes.
I, =1I,+ I,+ Is = 71 amperes.
Therefore R, = élll = % = 1.48 ohms. Ans.
t

This method is more popular for the solution of parallel impedances
in a-c circuits.

Series Circuit

2.11 Four resistances of 20, 30, 40, 50 ohms are connected in series
across a 4-cell Edison battery. Find the voltage across each resistor.
(B of 1 cell = 1.37 volts)

Solution:

L Ean 4137
I, = T O R 0.0391 ampere.

Eso 0.0391 X 20 = 0.782 volt. Ams.
Ei = 0.0391 X 30 = 1.173 volts. Amns.
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Es = 0.0391 X 40 = 1.564 volts. Ans.
Es = 0.0391 X 50 = 1.96 volts. Ans.

Check: 0.782 + 1.173 + 1.564 + 1.96 = 5.48 volts.
Also, 4 X 1.37 = 5.48 volts.
Panel Lamp

—

Type 48

Fig. 2.12 Panel lamp and resistor in
series to obtain the rated current and

3v R
—-—-{l I'—WV\MI— voltage.

2.12 The panel lamp type 48 requires 2 volts and 60 milliamperes.
Determine the dropping resistor R in Figure 2.12 to operate the lamp
from two dry cells in series.

Solution:
The voltage across the resistor is
E, =3 — 2 =1 volt.
1

&

Thus =7 =~ 5.060 — 16.7 ohms. Ans.
2
and P = % = fé_7 = 0.06 watt. Ans.

Substituting Odd Resistors

2.13 Since the resistor found in problem 2.12 is not readily available,
would it be correct to use a 25- and a 50-ohm resistor in parallel?

Solution:

5 _ product _ 25 X 50 _ 1250 _
R, = T TSl B B 16.7 ohms.

Yes. Ans.
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Bias Resistor

2.14 The type 6G6 tube has a plate current of 15 milliamperes and
a screen current of 2.5 milliamperes. The grid-bias voltage is —9 volts.
If cathode bias is used, what should be the resistance of the cathode
resistor and what would be its wattage consumption?

Solution:
Since the cathode current consists of the plate current plus the
screen current, we have

ol T SO
-~ I (154 2.5) X 10*
_ 9 . _ 9000 _
=175 X 10® = 75 = 515 ohms. Amns.

P =EXI=9X17.5 X 107 = 0.1575 watt. Ans.

Voltage Divider

o
WV

>——250v

500 v
>——100 v

n A
© N

AAAAAANNA
A4

\A4

Fig. 2.15 Voltage divider with negligible
current drain from taps.

2.15 Find the value of the resistors of the voltage divider in Figure
2.15 for negligible current drain by the load, and a current drain of
7.5 milliamperes by the bleeder.

Solution:
B, —Es. 500
VT T Ry
_ 500 1o
= %5 x 10

66.6 X 10° ohms
66,600 ohms

I
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Since the voltage across R, is one-half of the voltage, its value will be

R, = 66’500 = 33,300 ohms. Ans.
R; will cause a drop of 100 volts; its value will be
Sl oo - L
Be =0 w5~ 1Y
= 13.3 X 10 = 13,300 ohms. Ans.

R, will cause a drop of
250 — 100 = 150 volts

R, = 175*g>< 10* = 20,000 ohms. Ans.
Check : R, + R, + Rs; = 33,300 4 20,000 + 13,300

= 66,600 ohms.

Voltage Divider with Load Drain

2.16 Under actual working conditions the above voltages (problem
2.15) will rarely be realized. Find the voltages if 3 milliamperes are
drained from the 250-volt point and 5 milliamperes from the 100-volt
point.

33,3000 EE 3 ma
500v 20,0000 2 <
13,3000 2: SE,M
N I Fig.. 2.16 Voltage divider with stated
drain from taps.

Solution:

Let the current through the 13,300-ohm resistor be I.; then
I, + 0.005 ampere will flow through the 20,000-ohm resistor, and
I. 4 0.008 ampere through the 33,000-ohm resistor. By Kirchhoff’s
second law

500 = 33,000 (I. + 0.008) + 20,000 (. + 0.005) + 13,000 7.
= 33,000 7. + 266 + 20,000 I. + 100 + 13,000 I,
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and 500 = 66,000 7. + 366,

134 = 66,000 I.,
I, = L1od /a8 0.00201 ampere = 2.01 milliampere;
® = 66,000 ampe : DERER:

Using £ = I R, we obtain
E; = 13.3 X 10® X 2.01 X 107 = 26.7 volts
E, =20 X 10® X 7.01 X 107% = 140.2 volts
E; =33.3 X 10° X 10.01 X 103 = 333.3 volts.
The voltages at the taps are now :
Voltage at the 100-volt point: 26.7 volts. Amns.
Voltage at the 250-volt point: 26.7 + 140.2 = 166.9 volts. Ans.
Check: 26.7 + 140.2 + 333.3 = 500.2 volts.

Bleeder Design

‘P
Ry € 3 ma
500 v Ry :;
R3$ 5ma
250v < |
100 v |
l N Fige 20T Voltage divider with
stated voltages and currents. :

|
2.17 In problem 2.16, 100 and 250 volts are desired at the 5- and 3- !
milliampere taps, respectively. Calculate R, R. and Rs, allowing a
bleeder current of 10 per cent of the load current.

Solution: . 1
I, = 0.1 X (8 + 5) = 0.8 milliampere.
s 100
Since R; = T, ’
b
150

I, + 0.005’
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_ 250
T, + 0.008
_ 100
0.8 X 102
S50
58 X 10
_ 250
T 88X 107

and R,

we obtain, Rs 125,000 ohms. Amns.

R, = 25,900 ohms. Ans.

R, = 28,400 ohms. Ans.
Bleeder Voltage under No Load

2.18 What would be the potential difference at the taps if no load
were applied to the circuit in problem 2.17?

Solution:
The voltage across each section can be found from the proportion :
By Ry,
E, R.,’
By _ R,
E, R.’
Es _ Rs,
B, R.
Now R, = 125,000 + 25,900 + 28,400
= 179,300 ohms.
28,400
Therefore E,; = 500 X 179,300 ~ 79.4 volts. Ans.
25,900
E, = 500 X 179,300 72.3 volts. Ans.
125,00
E; = 500 X 179”303 = 348.3 volts. Ams.
Check : 79.4 + 72.3 + 348.3 = 500 volts.

The voltages at the taps will be :
Bottom tap: 0 volts. Ans.
Second tap: 79.4 volts. Ans.
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Third tap: 79.4 + 72.3 = 151.7 volts. Ams.
Top tap: 500 volts. Amns.

Comparing the load voltages and the no-load voltages:

Tap Bottom Second Third Top
Load voltage 0 100 250 500
No-load volts 0 79.4 151.7 500

Series-Parallel Circuit

VWWWW—T—AWNVN—

R, Rs
b3 i»
10v <R, S Ry
b3 S

Fig. 2.19a Series-parallel
Ry Rs gi::uit, conventional lay-
W_—WWV——‘ 3

2.19 In Figure 2.19a, R; = 80 ohms, R, = 3 ohms, R; = 8 ohms,

Rs; = 6 ohms, R; = 12 ohms, R; = 5 ohms. Find the voltage across
Rs.

Solution:
Referring to the equivalent circuit (Figure 2.19b):
A
Iy Iz o
2Ry
Y h
3 B
b3 SRs
< Ry
nov IR,
< >
S Iy 5 3R
2 Fig. 2.19b Series-parallel
3 R3 circuit, equivalent to the
circuit of Fig. 2.19a.
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The total resistance )
_ product 6 X (5 + 12)

Fukl, sum 6+ (6 + 12)
102
=53 = 4.44 ohms.

R and R;are in series with the above resistance;
4.44 + 3 + 8 = 15.44 ohms
_ 80 X 15.44 _ 1233

HS e 154i - o5 o 1o liohms
110
I, = 31 = 8.42 amperes.

To find E; the current through R; must be computed.
Using Kirchhoff’s first law at A, we have

T T or 81490 =T T

R1 and R, are inversely proportional to their currents:

Ry _ Lo,
Ruh Il

Now I is Is;
ofor _80 _ I
therefore 541 L

Cross-multiplying
801, = 15.44 I,.
We now have the two simultaneous equations:
807, — 15441, =0
I3 sk I, = 8.42
Multiplying (2) by 80
80 I, + 80 I, = 675
Subtracting (3) minus (1)
9541, — 675,

1 675
and = = = i
I, 95.4 7.07 amperes.

33

)
(2)

@)
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Using Kirchhoff’s first law at B, we have

I, =I5+ I
and the shunt law yields
‘ 6 _ I,
17 Iy’
or Is+ I, =7.07

171s — 6 I, = 0;
multiplying (4) by 6
613+ 61, =425;
adding (5) plus (6)

23 I; = 42.5,
42.5
and ‘ Iz = 53 = 1.85 amperes
I, = 7.07 — 1.85 = 5.22 amperes.
Thus E; =Is X Rs

= 1.85 X 12 = 22.2volts. Ans.

Check: Es + E; must be equal.to E,
Es = 1.85 X 5 = 9.25 volts
E; =522 X 6 = 31.4 volts
Es + Eg= 22.2 + 9.25 = 31.45 volts
E, = 7.07 X 3 = 21.21 volts.
Now E; = 7.07 X 8 = 56.56 volts
and 21.21 + 56.56 + 31.45 = 109.22 volts.
An error of less than 1 per cent, viz.,

110 — 109.22
110

Error

= 91—3—(8) = 0.0071 = 0.71 per cent

is probably due to slide rule work.

(€]
(5)

(6)
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Series-Parallel Circuit
A B C
b3 S
200 2 3003
g S S
S
120 v :: 500 D E
T < <
>
4002 5003
< <
> >
Fig. 2.20a  Series-parallel
circuit.
H G

2.20 In Figure 2.20a, what is the potential difference between :
AH, BD, DE, DF?

Solution:

Since A and H are connected to the terminals of the source there is
a potential difference of 120 volts across them. Amns.
The equivalent resistance of the 20- and 30-ohm resistors in parallel
is
20 X 30 _ 600 _
20 +30 ~ 50 _ 12 Onms
The equivalent resistance of the 40- and 50-ohm resistors in parallel is

40 2!
Ry, 50 = E)—T——gg. = —%g—o = 22.2 ohms.

R20, 30 =

We now have an equivalent circuit as indicated in Figure 2.20b:

b3
120<
<
b=
120 v
S  Fig.2.20b Equivalent circuit. The 12-ohm
2220 :: resistance is equivalent to the resistance of
>  the loop BCED of Fig. 2.20a; the 22.2-ohm
resistance is equivalent to the resistance of
loop DEFG.
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The current in this circuit is
120

I, = 53;5 = 3.52

By Ohm’s law
Eya = Ina X Fra
= 3.52 X 12 = 42.2 volts. Amns.
Ea; = 3.52 X 22.2 = 77.8 volts. Amns.
There is no potential difference between D and E because there is no
IR drop. Ans.

Batteries in Parallel

63v l

—_— 42y

60

e —

30 020

Fig. 2.21a Two sources of
e.m.f. connected in parallel
across a load of 6 ohms.

2.21 In Figure 2.21a find the load current 7.

Solution:

(a) By superposition : dy
This method considers each electromotive force separately. Consider-
ing the 6.3-volt source:

AAAAA
VVVVv
o
N
AAAA
VVVVV
o

3 Q

Fig. 2.21b Circuit of Fig.
2.21a, considering the 6.3-
volt e.m.f. only.

— il
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total resistance

, _ 6 0.02 ponr A
R’ = 6+ 0.02 -+ 0.03 = 0.0499 ohm,
total current
o B E
I = 0.0499 — 126.18 amperes,

voltage across load
E’ = 6.3 — (126.18 X 0.03) = 6.3 — 3.78
= 2.52 volts,
current through load

N

g = —‘6— = 0.420 ampere.

Considering the 4.2-volt source :

AAAAA
WW
o
@
<
o
N
<)
AAAAA
YVVVY
o
0

only.

total resistance

R = gflffg'gg +.0.02 = 0.0498 ohm,
total current
¥ 4.2
= 00498 84.3 amperes,

voltage across load
E" =42 — (84.3 X 0.02) = 4.2 — 1.69

= 2.51 volts,
current through load
Iy = %51 = 0.418 ampere.

37

Fig. 2.21c Circuit of Fig. 2.21a,
considering the 4.2-volt e.m.f.

The total current due to the simultaneous action of both sources is

I, = 0.418 + 0.420 = 0.838 ampere. Ans.
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(b) By Kirchhoff’s law, loop method :
— 63v :: 42y —

60
b3

.030 - 020 Fig. 2.21d Circuit of Fig.

2.21a, arranged to illustrate

a right-hand and a left-hand

loop, both containing a source

A of e.m.f.

Kirchhoff’s second law for the left loop

6.3 —0.037, —6 U1+ 1) =0
Kirchhoff’s second law for the right loop

42 — 00271, — 6 I+ I.) =0.
Simplifying

6.03I,+6 I, =63

6 I+ 6.021, =4.2.
Multiplying by 6 and 6.03 respectively

36.18 I, + 36 I, =37.8
36.18 I; + 36.3006 I, = 25.326
— 0.3006 I, = 12.474

o I, = 12.474
- —0.3006
= —41.497 amperes.
Substituting
- 671, + 6.02 (—41.497) = 4.2
6 7, — 249.812 =42
6 I, = 254.012
I, = 42.335
I, + I, =42.335 — 41.497

0.838 ampere. Amns.
(¢) By Kirchhoff’s law, node method :

As in writing loop equations, currents are expressed in terms of
I, I,, I, etc., to satisfy Kirchhoff’s current law, so in writing node
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equations voltages are first expressed in terms of E, E;, E,, etc., to
satisfy Kirchhoff’s voltage law. In this problem, let the voltage across
the 6-ohm resistor be B, then the voltage across the 0.03-ohm resist-
ance must be 6.3 — E, the voltage across the 0.02-ohm resistance
E — 4.2, with the polarities as indicated in Figure 2.21d.

Check : 6.3 — (63 —E) — E =0 (left loop)

63 — (63 — E) — (B —4.2) — 4.2 =0 (outline)

Kirchhoft’s first law for node A yields the following algebraic sum of
three currents, one flowing toward A and two flowing away from A :

6.3 — E —@®—42) | =B _
ObEms P00z o6 2
o 630—100E'_100E—4:20_§‘_O
% 3 2 G
Multiplying by 6
1260 — 200 E — 300 E + 1260 — E =0
2520 = 501 E
. 2520
#3551
Thus the current through the 6-ohm resistor is
E 2520
I = % 50LX06 - 0.838 ampere. Amns.

Unbalanced Bridge—Solution by Kirchhoff’s Law

A A A A
Rz Ra
>
>
SRy
S
Ry Rs
~ VWA VWA
EMF Fig. 2.22a Unbalanced
]l [ — I —_— bridge.

2.22 In the unbalanced-bridge circuit of Figure 2.22a, R; = 1 ohm,
Ry = 2 ohms, R; = 3 ohms, Ry = 4 ohms, R; = 5 ohms. Assuming
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an electromotive foree of 100 volts, find the total resistance, the total
current, and the current through R,.

Solution:

The total resistance is of course independent of the applied voltage.
Assuming a voltage of 100 volts, we obtain the diagram (Figure 2.22b)
for the currents and voltages.

V‘v"""‘v 'Av""‘v‘v
I-5L+], I-1 )\
I
"VA""VA "'AV"A"V
nL-1 I,
1 Fig. 2.22b Current lay-
out on the unbalanced
100v bridge.

I, will flow through the 5-ohm resistor,
I — I, will flow through the 3-ohm resistor,
I, will flow through the 4-ohm resistor,
the sum of the latter two currents through the 2-ohm resistor,
and I — I. will low through the 1-ohm resistor.

‘We now apply Kirchhoff’s second law :
For the lower loop

(1) 100 = 517; + (I, — Io),
for the outline

(2) 100 =3 —I,) + 2T — I, + I.),
for the right loop

3) B3I —1I,) =5I,+ 41,

Many computers hesitate to assume a direction of the current flow
through the shunt resistor (Rs = 4 ohms in this case). There is no
reason for this whatsoever. Should the assumed direction be opposite
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to the actual direction, the current through the shunt resistor I. 2 will
come out negative. Simplifying equations (1), (2), and 3)

) > 61, — I, — 100
©) 51 —51,+ 21, — 100
3) ~—3I+8I,+41, =0.

Multiplying equation (2) by 2
107 — 101, + 4 1. = 200
3) —371I+ 8I1,+41, =0
Subtracting - 137 — 18 I, = 200 4)
Multiplying equation (1) by 2
127, — 21, = 200
(2) 51 — 51,4+ 21, =100
Adding 51+ 71, = 300 )
Multiplying equation (4) by 7 and equation (5) by 18
‘ 917 — 126 I, = 1400
90 7 + 126 I, = 5400

Adding 181 1 = 6800
and I = 6800/181
I = 37.57 amperes. Ans.

The total resistance is
R = 100/37.57 = 2.662 ohms. Amns.
From equation (5) we find
= (300 — 187.9)/7 = 16.02 amperes.
From equation (1) we finally compute the shunt current of the un-
balanced bridge through Rs:
I, = —100 + 96.14

= — 3.86 amperes. Ans.

Delta-Star Transformation
2.23" In problem 2.22 find the total current with the aid of a delta-

star transformation. Also find the current thlough the shunt re-
sistor R,.
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Solution:
A

R2

Fig. 2.23a Unbalanced bridge
of Fig. 2.22a represented by
E two delta loops.

In Figure 2.23a we shall remove the A-circuit to the right of A B
and transform it into a Y-circuit to obtain the equivalent circuit of
Figure 2.23b.

Ry

Fig. 2.23b The equivalent cir-
cuit of Fig. 2.23a, the right loop
E transformed to a star circuit.

The star resistances S4, Ss, S3 are:
Opposite Ry is
Ss = (B X5)/@B+4+ 5) =15/12 = 1.25 ohms.
Opposite Rs is
Ss = (83 X 4)/12 = 12/12 = 1 ohm.
Opposite Rs is
Ss = (4 X 5)/12 = 20/12 = 1.667 ohms.

The parallel combination R, consists of the branches 2 + 1-3 ohms,
and 1 + 1.667 = 2.667 ohms

R, = (3 X 2.667)/(3 + 2.667) — 1.412 ohms,
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and the total resistance

R, = R,+ Ss = 1412 4 1.25 = 2.662 ohms.
The total current is

I, = 100/(2.662) = 37.6 amperes. Ans.
The voltage drop across Ssis

E, = 387.6 X 1.25 = 47 volts.
The voltage drop across C D is 100 — 47 = 53 volts. The drops across
Ss and S; are:

1

E; =83 X T¥32 17.65 volts
1.667

E3 = 53 X m = 33.1 volts

The potential difference between A and B is
33.1 — 17.65 = 15.45 volts,
and I, = 15.45/4 = 3.86 amperes. Ans.

Thévenin’s Theorem

Ry A R2
R r
E & /
B R Fig. 2.24a Series-parallel
v‘V\/:V‘v circuit.

2.24 In the circuit of Figure 2.24a, E = 100 volts, R; = R: = R3
= R; = 5 ohms. Find I'.
Solution.:

(a) By calculating the total resistance.
The series-parallel resistance consists of R, in series with a parallel
combination. One branch of the parallel combination is R4, the other
branch is (R, + Rs). The total resistance is

5 X 10
5+ 10

R, =5+ = 8.33 ohms.
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The total current 7, = 81%.?3 = 12 amperes.
The voltage drop across R is
E; =12 X 5 = 60 volts.
The voltage drop across R; is 100 — 60 = 40 volts; the same voltage
exists across R + Rs.
I’ = 40/(5 + 5) = 4 amperes. Ans.
(b) By Thévenin’s theorem.
Let A B be the network terminals and R, + R; the load.
The equivalent circuit is represented by Figure 2.24b

r A Ry

E’ Fig. 2.24b Equivalent circuit.
The network to the left of AB
is represented by ‘a ‘“Thévenin
generator’”’ with an e.m.f. of B’
volts and an internal resistance

B NAAAA——I of r ohms.

To find the network resistance 7:

With the voltage E short-circuited, the network impedance, looking
from A B to the left, consists of two 5-ohm resistors in parallel.

RO/
7 ~E=%s = 2.5 ohms.
To find the equivalent voltage E’:

Under no-load condition E’ is determined by the voltage divider
(R1 + Ra).

E 100><5_’_5 = 50 volts

70 E . _ 50

Ry + Rs + r 12.5

I

— 4 amperes. Amns.

Thévenin’s Theorem Applied to Bridge Network

2.25 TFind the current through R, in problem 2.22 with the aid of
Thévenin’s theorem.
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Solution:

— VYWWW———————

Ry r A

R4

s
4 403
b3
o

B

E -
Fig. 2.25a Unbalanced bridge. R to Fig.2.25b Equivalent circuit.
be disconnected and the remainder of The circuit to the left of AB

the network to be simplified to a source is “Thévenins generator.”

of e.m.f. with an internal resistance.

Let the 4-ohm resistor be the load, and A B the terminals of the net-
work. Figure 2.25b will then be the equivalent circuit.

To find the internal resistance of the network 7:

With the 100-volt source short-circuited by line SC, the network
impedance as seen from A B consists of the series-parallel resistances
as indicated in Figure 2.25¢c.

X A 2
> <
:; R2 R3 b3

SC
1‘ <
< >
Sk s R5ES

I Fig. 2.25¢ The resistances making up the

internal resistance r of Fig. 2.25b.
2 X3 1 X5

5+ 3 = 1.2 ohms and 115

r = 1.2 + 0.83 = 2.03 ohms

= 0.83 ohms
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To find the equivalent voltage E’:

The potential difference between A and B is determined by the
voltage drops across the 3- and 5-ohm resistors under no-load condi-
tions, i.e., with the resistor B4 not in the circuit.

3
E; = 100 X m = 60 VOltS,
5
and Es; = 100 X 5F1 - 83.3 volts

E. = 83.3 — 60 = 23.3 volts,
and the current I, through the shunt resistor is

23.3

I: = 503 +4

= 3.86 amperes. Ans.
Thevenin’s Theorem for Network Containing Two
Sources of Electromotive Force

2.26 Solve problem 2.21 with the aid of Thévenin’s theoren.x.

Solution.:
With the 6-ohm load removed, the internal resistance of the network
consists of the 0.03- and the 0.02-ohm resistances in parallel.

0.03 X 0.02 _ 0.0006
B: = 503 :E 005~ 005 o™
The equivalent voltage under no-load is

E., = 6.3 — I X 0.03.

But the current in the battery loop is determined by the electromotive
force (6.3 — 4.2) volts, and by the resistance (0.03 + 0.02) ohm.

Therefore I = 2l 42 amperes.

0.05
Substituting
E.,, = 6.3 — 42 X 0.03
6.3 — 1.26 = 5.04 volts.
The load current 7, is determined by the equivalent electromotive
force, the equivalent internal resistance, and the load resistor, which
is in series with the internal resistance.
7 5.04 5.04
L

Il

T 6+ 0.012 _ 6.012

i

= ———— = 0.837 ampere. Amns. J



3 Alternating-Current Circutls

Wavelength
3.01 What is the wavelength of a 550-kilocycle signal? Of a 1.35-
megacycle signal?

Solution:
Nl 3 >§.108 = 5§0><><1(1)2)3 = 545 meters. Ams.
Az = 133%——;‘0:()3 = 222 meters. Amns.
Frequency

3.02 What is the frequency of a 42-centimeter wave?

Solution:
f = Gles L7 7.14 X 10% = 714 megacycles. Ans.
0.42
Period

3.03 What is the period of a 42-centimeter wave?

Solution:
The period is the duration of one cycle. Since there are 714 million

cycles in one second, this duration will be

% 1l

~ 714 X 10°

i 1

© 7.14 X 108

= 0.0014 X 107 = 0.0014 microsecond. Ans.
47

P

= 0.14 x 107®
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Instantaneous Current

3.04 What is the instantaneous value of an alternating current at
212 degrees of its cycle? The peak value is 7 amperes.

Solution:
Using z = I sin 6,
we have 7 sin 212° = 7 (—sin 32°)
= —7 X 0.53 = —3.71 amperes. Ans.

Instantaneous Voltage

3.05 What is the instantaneous value of a 60-cycle alternating
voltage of 75 volts peak value, 5000 microseconds after the beginning
of the cycle?

Solution:
e =Esin2=wft
= 75 X sin 377 X 5000 X 10—®
= 75 X sin 1.885.
Since 1.885 radians = 1.885 X 57.3 degrees, we have
e = 75 X sin 108°
= 75 sin 72° = 75 X 0.951
= 71.4 volts. Ans.

Pulsating Direct Current

3.06 A full-wave rectified pulsating direct voltage has a peak value
of 157 volts. Calculate its d-¢ component.

Solution:
The d-c¢ component is the average value of 157 volts peak.
E., = 0.637 X 157 = 100 volts. Ans.

Alternating and Direct Currents Combined

3.07 What is the effective voltage resulting from a 90-volt.d-c source
and a 120-volt 60-cycle alternating voltage in series?
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Solution:
Since the effective value is the square root of the sum of the squares,
we have

E.;; = VE; + E2
= V120 + 90> = V14,400 + 8100
= /22,500 = 150 volts. Amns.

Phase Considerations

3.08 In a capacitive-resistive circuit the current leads the voltage by
37 degrees. The frequency is 60 cycles, and the peak values of voltage
and current are 100 volts and 2 amperes respectively. Write the equa-
tions of the current and the voltage indicating the phase difference.
At the time when the voltage is 50 volts, what is the current?

Solution:

Since 6 = 37 degrees = 0.646 radian
and 2 =Isin 2xft-+ 6)
we have 2 = 2sin (377 t 4 0.646). Ans.

e E sin 2w ft = 100 sin 377 t. Ams.

In order to find the value of the current when e = 50 volts, we must
find the value of ¢.
Substituting in the voltage equation:

50 = 100 sin 377 ¢

0.5 = sin 377 ¢

0.5 sin 30°,

I

which, expressed in radians, becomes

0.5 = sin 0.524
377t = 0.524
_0.524 _ s
t = 77 = 1.39 X 1072 second.



50 PROBLEMS AND SOLUTIONS
The equation of the current then yields

250 = 2 sin (377 X 1.39 X 1072 - 37°)
2 sin (0.524 4 0.646)
2 sin 1.170 = 2 sin 67°
= 2 X 0.92 = 1.84 amperes. Ans.

I

Il

The value of the current may be found more quickly by remem-
bering that the voltage, having an instantaneous value of half its
peak value, is at 30 degrees of its cycle, since sin 30° = 1/2. The
current, leading the voltage by 37 degrees, is at 67 degrees of its

cycle (30° + 37°); thus

7 = 2 sin 67° = 2 X 0.92 = 1.84 amperes.

Motor Input Current
FCC Study Guide Question 4.135

3.09 If a 15-horsepower 220-volt single-phase alternating-current
motor is 92 per cent efficient when delivering its full rated output,

what is the input current at a power factor of 0.85?

Solution:

The efficiency is
output
input

Efficiency

The output in watts is

15 X 746 = 11,190 watts.
Substituting 0.92 = %ﬂ)
Transposing 2= %?égo = 12,160 watts

Using the power formula for alternating current
P; = B; X I; X cos6,
we obtain 12,160 = 220 X I; X 0.85,

12,160

2at L = 330 < 0.5

= 65 amperes.

Ans.

=l
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Resistance and Capacitance in Series

3.10 A voltage of 50 volts, 120 cycles exists across a series circuit,
consisting of a capacitor of 6 microfarads and a resistor of 250 ohms.
What is the power dissipated by the resistor?

Solution:
il
8 = 2xfC
u i
" 6.28 X 120 X 6 X 10°°
1,000,000
= VB3 %X 6 220 ohms.

The circuit impedance is

|Z] = V/250% + 220> = 332 ohms;
the current is
I = 00 0.1505 ampere
332 i .

The voltage across the resistor is
E, = IR = 0.1505 X 250 = 37.6 volts.
The power dissipated by the resistor is
P, = 37.6 X 0.1505 = 5.65 watts. Amns.
Alternate computation using the power factor:
P =FE X I X cos#
_ 50 X 0.15 X 250

332 = 5.65 watts.

Resistance and Inductance in Series

3.11 A current of 500 milliamperes is flowing in a circuit of 521 ohms
resistance and an inductance in series. The voltage across the circuit
is 280 volts. What is the value of the inductance, if the frequency is
120 cycles?

Solution:

The circuit impedance is

E 280
zZ =5 SO = 560 ohms
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X, is a side of the impedance triangle; the other side is 521, and the
hypotenuse is 560.

Therefore, X, = V5607 — 521° = 205 ohms.
Also X, =2xfL.
Substituting 205 = 753 L,
205
and = 753 0.272 henry. Ans.

Resistance, Capacitance, and Inductance, in Series

< 6v >

Fig. 3.12 Resistance, capaci-
tance and inductance in series.

3.12 A series circuit consists of a 0.5-megohm resistor, a 3-micro-
microfarad ecapacitor and a 200-millihenry inductor. A radio-fre-
quency signal of 600 kilocycles is applied across the circuit, causing
the voltage of 6 volts across the resistor. What is the voltage of the
applied signal?

Solution:

X, =2xfL
6.28 X 600 X 10% X 200 X 1073
3767 X 200 = 754,000 ohms

< S5
2xfC

I

_ 1
© 6.28 X 6 X 10° X 10° X 3 X 102

il
. T 3.767 X 10° X 10° X 3 X 102

P O OTor
= ST e ¢ ooy
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X1 — X = 7531,'000 — 88,600 = 665,400 ohms
Z = ~/500,000> + 665,400° = 833,000 ohms

. 8 6 . X
T = = = 1.2 X 1075 ampere.

Being a series circuit, I, is the circuit current and the applied signal
voltage is

E

I

IZ =1.2 X 107° X 8.33 X 10°
10 volts. Ans.

I

j-Notation in a Series Circuit
R I

1 C;

120 v iy

Cs Fig. 3.13 Impedance ele-

Ly R
__rm\_»v\,&/\.__l ments in series.

3.13 In Figure 3.13, R: = 300 ohms, B, = 210 ohms; the reactances
of the other circuit components are:

X., = 23 ohms, X, = 1200 ohms,
X,., = 810 ohms and X, = 50 ohms.
. Find the voltage across the 810-ohm capacitive reactance.
Solution:

The vector value of the impedance is
Z = 300 — 723 + 71200 — 5810 + 210 + 7 50
= 510 + j 1250 — 5833
= 510 + 7417 vector ohms.
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The absolute value of the impedance is :

|Z] = V/510% + 4172 = 658 ohms.
Using Ohm’s law, we obtain

120
I = 658 = 0.183 ampere,

and E, I X, =0.183 X 810 = 148 volts. Ams.

Phase Difference

e | Fig. 3.14 Vector diagram for the
R ~J total impedance of Fig. 3.13.

3.14 In problem 3.13 find the phase difference between the voltage
and the current, and the power factor of the circuit.

Solution:
Z = 510 + j 417,
and tan 6 = %
417
= L= T
6 tan 510 tan—* 0.817

tan™' 0.817 = 39.2°
The phase difference is 39.2°, the voltage is leading. Ans.
pf = cos 39.2°
= 0.775 = 77.5 per cent

R 510
or Z ~ 658 0.775 = 77.5 per cent. Ans.

P S e TRy —
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Resistance and Cap ce in Parallel

Fig. 3.15 Resistance and capacitance in
parallel.

3.15 In Figure 3.15, C = 5 microfarads, R = 500 ohms, f = 50
cycles. Find the equivalent series circuit and the power factor.

Solulion:
P 1
X 2xfC

1

= 628 X 50 X 5 < 10— 036 ohms.

Substituting in

-
Z, Z, Z
i 1 1 1k

we obtain ZTt _W)_'_W’
and since —l] = A

Zl — 0.002 + 5 0.001571.

t

The reciprocal

%, ;

= 0.002 + j 0.001571
Rationalizing by using the conjugate number

5 _ 0.002 — j0.001571
¢~ 0.0022 + 0.0015712

0.002 — 7 0.001571

6.47 X 10~°
_ 2000 j 1571
T 647 647
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The equivalent series circuit is L

Z, = 309 — j 243. Ansi '

To find the power factor:

|Z.| = /3097  243* = 373 ohms,
R _ 309
ki Pl =7 =303

= 0.785 = 78.5 ger cent. Ans.

Alternate solution using polar vectors:

7 2.2, _ (500/0°)(636/790°)
‘" 2.+ 2, 500 — j636
500 X 636/—90°
- 810/—51.8°
= 392.8/—38.2°

=309 — j243. Ans.

Capacitance and Inductance in Parallel

3.16 In Figure 3.16, X. = 5200 ohms, X; = 5100 ohms, 7 = 5 mi-
croamperes. Find the total impedance and the voltage E.

|
LAY

C

1
L
— 0000 —
E Fig. 3.16 Capacitance and
inductance in parallel.
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75100 X (—j 5200)
75100 — 7 5200

-+ 265,000

|Z,| = 265,000 ohms. Ans. -
E, =1Z, =5 X 107%X 2.65 X 10°
1.325 volts. Ans.

Resistance and Inductance in Parallel

3.17 In Figure 3.17, L = 15 millihenries, B = 75,000 ohms; the
frequency f = 550 kilocyecles. Find the equivalent series circuit and
the power factor.

[

R Fig. 3.17 Resistance and inductance in
| AAAAA parallel.

Solution:
X, =27 fL = 51,800 ohms
Z(@n-kilohms), —— 2143

Zh + Zs

_ j51.8 X 75

T 75 F;51.8

_ 73,890 (75 — j 51.8)

= 5600 + 2680

_4.291,000 + 201,000

T 8280

= 24.3 + j 35.1 vector kilohms

24,300 + 7 35,100 vector ohms



58 PROBLEMS AND so UTIONS
|2, = V243 7 35.1° i
= 42.7 kilohms = 42,

— 0.568 — 56.8 per cent. Ans.

Resistance, Capacitance, and Inductance in Parallel

L
R
—VVWWN
C Fig. 3.18 Resistance, capacitance and
I( inductance in parallel.

3.18 In Figure 3.18, L = 5 henries, E = 5000 ohms, C' = 1 micro-
farad and f = 250 cycles. Find the equivalent series circuit, the
absolute value of the impedance and the phase angle.

Solution:
X, =2nfL = 6.28 X 250 X 5 = 7850 ohms
1l 1
* Xe =570 " 628 <250 X1 X 10°°
_ 10™° 1,000,000 _
=528 o250 Al e e
We can now write the following equation, the reactances in kilohms:
L T B T 8
Z, 5 J7.85 —7 0.637

= 0.2 — 50.1273 + j 1.571
= 0.2 4 j 1.444 vector mhos,
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and the 1'écip'lropa.l

50 1 _ 02— j1444

£ 0.2+ j1.444  0.04 + 2.07
_02 jl44
211~ 211

Il

0.0948 — j 0.683 vector kilohms.
The equivalent circuit is
Z, = 94.8 — j 683 vector ohms. Ans.

The phase angle is
683
94.8

= 82.1°, voltage lagging. Amns.

6 = tan™! = tan™! 7.22

The absolute value of the impedance is

683 683
1Z] = Sn851° — 0.9908 — 689 ohms. Ans.

Methods of Solving Parallel Circuits
3.19 Depending upon previous training, engineers use different
methods to compute parallel circuits. The following problem illus-
trates the four popular methods:

In Figure 3.19, C = 500 micromicrofarads, = 0.1 millihenry,
R = 50 ohms and f = 750 kilocycles. Find the equivalent series
circuit, the phase angle, and the absolute value of the impedance.

Solution:
(a) Parallel impedances method :
Z"t ol Z1 X Zs

Zy+ Zs
The branch impedances Z, and Z, can be expressed in j-notation
after X, and X, are found.
Xy =2afL
6.28 X 750 X 0.1 X 10* X 1072
= 471 ohms

I
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X. L

T 2x5C
1 1l
" 6.28 X 750 X 10 X 500 X 10~ 2
= 425 ohms
1L
I\
C

L R Fig. 3.19 Coil and Capacitor in
parallel.

5. _ _(=5425)(50 + j 471)
¢ T (—j425) + (50 + j 471)
200,000 — j 21,250
50 1 j 46
10* (20 — j 2.125) |
10 (5 + j4.6) °

after multiplying numerator and denominator by (5 — j4.6) we
obtain

10° (90.2 — j 102.6)
52 + 4.67

F 90,200 — j 102,600
= 46.16

1960 — 7 2220. Ans.

l

|Z,| = V/1960% + 2220°
= 2970 ohms. Amns.
222
= el S el
'} tan 196 tan—11.13

48.5°, voltage lagging. Amns.
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(b) Assumed voltage method:

Let us assume a voltage of 1000 volts across the circuit. The branch
currents, expressed in vector amperes, will then be

o 1000 ’
I, = — 095 j2.35
7, — 1000
* = 50 + 7471
_ 1000 (50 — 7 471)
=T 50% o 471°
_ 1000 (50 — j 471)
i 224,300
= 0.223 — j 2.1

The total current is the sum of the branch currents

o

Z, =1, + I, = 0223 + j 0.25,
and by Ohm’s law

2, — 1000
I,

h 1000
~ 0.223 + j0.25

1000 (0.223 — j 0.25)
= T 0.223% F 0.25°

_ 1000 (0.223 — j 0.25)
0.0497 + 0.0625
0.223 _ .0.250
o0.112 7 0.112
1000 (1.97 — j 2.23)
= 1970 — j 2230. Amns.

Il

1000 (

The answers agree within the limits of slide rule accuracy.
(¢) Polar vector method :

The capacitive branch containing pure capacitance has a polar vector

Z, = 425/ —90°
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The magnitude of Z, is V/50% 4 4712 = 473, and
the phase is
tan™! (471/50) = tan™* (9.72) = 83.9°.
The polar vector of the inductive branch is therefore

Z, = 473/83.9°.
The total impedance is

7= Ty X
o B
Zy + Z.
(425/—90°) (473/83.9°)
- 50 + j 46

Expressing the denominator in polar form
5 (425/—90°) (473/83.9°)

i 67.8/42.6° ) ‘
2975/48.7° vector ohms. Amns. Q

Il

This agrees with the magnitude and phase found by the method of
parallel impedances within the limit of slide-rule accuracy.
(d) Admittance method :

Vi = Gi+3jB:
Since the capacitive branch has no resistance, we obtain

Y1 = 0 4 j (425/425%) = j 0.00236

Y. = G:— jB,

o 50 s 471
50° 4712 ~ 7 50° + 471®

L GOR S
224,341 7 924,341

= 0.000223 — j 0.00211.
Adding the conductances and the susceptances algebraically

o

Y. = 0.000223 + j 0.00025
= 107* (2.23 +- j 2.50) vector mho.
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The absolute value of the admittance is

¥, =1074V/2.:232 + 2.52
= 107V/4.97 + 6.25
= 10+V11.22

3.35 X 10~*mho

The absolute value of the impedance is the reciprocal of the admit-
tance value

|Z, = 10* X (1/3.35) = 2975 ohms. Ans.

To find the phase angle, the values of the vector notation of the
admittance can be used:

8 = tan~?! (2.5/2.23)
= 48.5°, voltage lagging. Amns.

Resistance in Both Branches

Fig. 3.20 Capacitive-resistive and
inductive-resistive branches in parallel.

3.20 In Figure 3.20, C = 506 micromicrofarads, R: = 70 ohms,
L = 87 microhenries, R: = 50 ohms and f = 1.5 megacycles. Find
the equivalent series circuit, the absolute value of the impedance, and
the phase angle.
Solution:

(a) By rectangular vectors:

Xz 2xfL

6.28 X 1.5 X 108 X 87 X 10~¢
= 820 ohms.
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X, =1/@2xf0C)

il

Np

1/(6.28 X 1.5 X 10° X 506 X 107'2)
210 ohms.

Iz 17
. il e 1

70 — j 210 50 + j 820
_70+j210 50 — 7 820

- 70% + 2102 50% + 8202

il 70 + 7 210 e 50 — 7820
~ 4900 + 44,100 2500 4+ 670,000
_70+j210'+50—j820

=T 49,000 672,500
i\ 70 . 210
10ilao 77 19

Il

+

50 . 820
te7 Jer

I

1%4 (14.28 4 j42.9 + 0.746 — j 12.21)

- 1%4 (15.03 - j 30.69) vector mhos.

il
4
15.03 + 7 30.69

15.03 — j 30.69
15.032 + 30.7>
. 15.03 — 7 30.7
1167
128.7 — j 262.5 vector ohms. Amns.

¢ = 10

10*

Il

= 10

The absolute value of the impedance is
|Z| = V12877 + 262.52

V16,800 + 68,800 ;
= V/85,600 = 292.5 ohms. Ans.

The phase angle is

262.5
o —1
iR At ory

= 64°, voltage lagging. Ams.

= tan—! 2.05

Ch.



§3.21 ALTERNATING-CURRENT CIRCUITS 65
(b) Alternate solution by polar vectors:
Z"L - ?1 X %2
Zy + Z,
_ (70 — j 210) (50 + j 820)
70 — 7 210 + 50 + 7820

_ (70 — j 210) (50 + j 820)
120 + j 610

V0 210%/tan— (—210,/70)v/50° - 820°/tan—" (820,/50)
- V1202 + 610%/tan—' (610/120)

221/ —71.6° 821/86.5°
i 621/78.9°

= 292.5/—64°. Amns.

This answer is identical with the one obtained by rectangular vectors.

Series-Parallel Network

3.21 In Figure 3.21, L; = 0.005 henry, L. = 0.002 henry, L;
= 0.001 henry, R, = 400 ohms, R; = 200 ohms, C; = 0.1 microfarad,
Cs; = 0.05 microfarad, E = 60 volts, 6000 cycles. Find the total
current I and the power factor.

— OO

1 ]

Fig. 3.21 Series-parallel
R, Ly network of impedance ele-

A ments.
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Solution:

X1 =2xnfL,
= 6.28 X 6 X 10*® X 0.005 = 188.5 ohms
X, =2wf L,
= 6.28 X 6 X 10° X 0.002 = 75.4 ohms
X3 =2nfLs
= 6.28 X 6 X 10* X 0.001 = 37.7 ohms
Xy =1/(27fCy
=1/(6.28 X 6 X 10® X 0.1 X 10~®%) = 265 ohms
Xs = 1/(2xfCs)

— 1/(6.28 X 6 X 10° X 0.05 X 10~%) = 531 ohms.
In Figure 3.21, R1, X, and X are in series with the parallel branches
Z1, Z,. The branch Z, is X;, and the branch Z, consists of Rs, X,, X3
in series. To find the impedance of the parallel combination we first
find the rectangular and the polar notations of Z; and Z,.

Step 1. Z, = —j 531 = 531/—90° :

Z» = 200 + j37.7 + j75.4
200 + j 113.1 = 230/29.6°

I

Z1+4 Z» = —j 531 + 5 113.1 + 200
= 200 — j417.9 = 464/ —64.4°
-1 Z1 Z1
Step 2. Z (parallel) 21 - Z,2
531/—90° 230/29.6°
= 464/ —64.4°
= 263/4°

= 263 (cos 4° + j sin 4°)
263 (0.998 + j 0.0697)
262 + j 18.35

I

Step 3.
The total impedance is
Z, = 400 + j 188.5 — ; 265 - 262 + j 18.4
=662 — j58.1 = 665/5° ohms.
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I = (% = 0.0902 = 90.2 milliamperes. Ans.

power factor = cos 5° = 99.6 per cent. Ans.
Step 2 can also be calculated by rectangular vectors:

T 1 1

Zparanet  —j3 531 200 4 j 113.1
B 1 200 — g3l
=~ 7531 " 40,000 + 12,800

70.00188 + 0.00378 — ;j 0.00214
= 10~* (3.78 — j 0.26)

) 3.78 4 7 0.26
Ay SR AR AT
Zpareniar = 10 14.3 + 0.067

102 (0.262 + 5 0.0181)
= 262 4 j 18.1 ete.

The total impedance is then found by adding X, X4 and R, to this
parallel combination as was done above in Step 3.

I

Resonant Frequency

3.22 A series resonant circuit consists of 30 millihenries inductance
and 0.005 microfarad capacitance. What is the resonant frequency?

Solution:
L 1
Sz 27 VLC

_ 1

"~ 6.28 V/30 X 102 X 0.005 X< 10 °
1

T 628V3 X 10 X 10° X5 X 102 X 10°°

1
T 6.28 X 10~ X V150
L 10°
6.28 X 12.25
= ———1’00707’000 = 13,000 cycles = 13 kilocycles. Ans.
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Voltage at Resonance

3.23 A series resonant circuit tuned to 1500 kilocycles has a resist-
ance of 50 ohms and an inductance of 50 microhenries. A voltage of
10 volts is applied across the circuit. Calculate the voltage across the
resistor and the capacitor.

Solution:
: 1
Usmg C = m ’
d 1
we obtain (6}

T 395 X 50 X 10 ° X (1.5 X 10°)2

1
~ 39.5 X 50 X 1.52 X 10°¢

= 225 ppuf.

Z = R = 50 ohms.

10
=

N

0.2 amperes = 200 milliamperes.

And at resonance,

E, =1 X R =10 volts. Ans.

2 = 1

and E‘_IXA‘_0'2X2rfC
0.2

T 6.28 X 1.5 X 10° X 225 X 102

0.2 X 472 = 94.4 volts. Ams.

Resonant Capacitance

3.24 What capacitance will tune to resonance with a 15-henry choke
at 60 cycles?
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Solution:

Using

we obtain

ALTERNATING-CURRENT CIRCUITS

- 1
O_éﬁLF’
ol 1 .
= 39.4 X 15 X 3600
. 1
T 394 X 10 X 1.5 X 10 X 3.6 X 10°
S —5
o 10

= 0.047 X 1075 = 0.47 microfarad. Amns.

Effective Resistance

69

3.25 An inductor of 50 microhenries has a figure of merit of @ = 22.5
at 4 megacycles. Find the effective resistance of the coil at this

frequency.

Solution:

Since

we obtain -

X, =2xfL
= 6.28 X 4 X 10°% X 50 X 106
= 1256 ohms.
e-%,
22.5 = 121'256:

and the resistance at this frequency is

1256

R = 995 = 55.8 ohms. Amns.

Parallel Resonance

3.26 A tank circuit consists of an inductance of 20 microhenries, a
Capacitance of 50 micromicrofarads, and a coil resistance of 25 ohms.
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What is the resonant frequency, the impedance at resonance, and
the @ of the circuit?

X
= z
Ry
Fig. 3.26 Parallel-resonant circuit.
Solution:

General considerations:

The 1mpeda.nce of the parallel (non—resona,nt) circuit Fig. 3.26, where
Zl——]Xa,Zz R+]Xla'ndZ1+Z2—R+](Xl— X,) is

Z1Zs .
7 + 2,

N, VR + X7
VR 4+ (X, — X,)?

= \/ R? + X2
AN (XX
If the merit of the coil is at all good, then R? in the numerator is so
small compared with X7 that it can be neglected. At resonance
X, and X, will be practically equal, and the quantity (X; — X.)? in
the denominator can be neglected compared with R?. We then have
at resonance,

1Zz] =

e X: X X, _X?
Z =X, T e XQ
For this and the following problems we shall use the formulas:

7o

s

ﬁ—,andZ=XQ
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§ 3.27
In this problem :
1
I~ 27 VLC
1
T 6.28 X V20 X 107 X 50 X 10 ©
1
~ 6.28 X 10~ /100 X 10
il
T 6.28 X 10° X 3.16
gm0 5.03 megacycles.
6.28 X 3.16
X, =2xfL
= 6.28 X 5.03 X 10° X 20 X 10~®
= 632 ohms
Z = % = 6—23%2 = 16,000 ohms. Amns.
Z _ 16,000

= 25.3. Ans.

e-x 632

Q of Tank Circuit

3.27 A radio-frequency voltage of 50 volts exists across the capac-
itor plates of a tank circuit and a current of 0.001 ampere is flowing
from and to the tank; the 50 micromicrofarad capacitor is tuned to
2.5 megacycles. What is the @ of the circuit?

Solution:
1
A S TC
il 1
~ 6.28 X 2.5 X 10° X 50 X 102
= 1273 ohms
E 50
Z = T = T(F = 50,000 ohms
Q@ =Z - 2000 _393. ans.

1273
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Series Radio-Frequency Resistance

3.28 A tank circuit tuned to 7.5 megacycles has an impedance of
75,000 ohms. The capacitance is 12 micromicrofarads. What is the
effective resistance of the inductor and the @ of the circuit?

Solution:

Tank Capacitor

_ 1

- 2xfC

- 1

T 6.28 X 7.5 X 10°% X 12 X 10~ =2

10°

“EEB X Ts X1z
Z 75,000 _

=X = 1770 = 42.3. Ans.
X 1770

= a = m‘ = 41.9 ohms. Amns.

3.29 An inductance of 50 microhenries with an effective resistance
of 27.2 ohms is to be tuned to a frequency of 2600 kilocycles. What
capacitor must be used? Calculate the circuit @ and the total imped-
ance of the circuit.

Solution:

Using

we obtain

G —

C =

I

1
I=ffL
1
39.5 X (2.6 X 10°)? X 50 X 10 ¢
10~° 10—5

395 X 6.75 < 50 _ 13,300

75 X 1072 = 75 micromicrofarads. Amns.
27 fL =6.28 X 2.6 X 10° X 50 X 10—¢
817 ohms

817
27.2
X Q = 817 X 30 = 24,510 ohms. Amns.

= 30. Ans.
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Loaded Tank Circuit

3.30 An inductance of 100 microhenries is used with a 30-micro-
microfarad capacitance in a parallelh‘esonant circuit. The resistance
of the coil is 30 ohms. The tank circuit is loaded with 6000 ohms
resistance. Find the total impedance and the @ of the circuit with and
without load.

Solution:
(a) Without load:
3 1
! =g o ime
o 1
"~ 6.28 V100 X 10—° X 30 X 10 =
= 1
~ 6.28 V/3000 X 10—
i 1
"~ 6.28 V30 X 10 1°
1
~ 628 X 10 ® X 5.48
= o BIORT
344 X 10 2
= ?%2% X 10% = 2.9 megacycles
X, =2xfL = 6.28 X 2.9 X 10° X 100 X 10~¢
" — 1820 ohms
X 1820
Q = riasor = 60.6 Ans.

. Z = X Q = 1820 X 60.6 = 110,000 ohms. Ans.
(b) With load:

The 110,000 ohms can be considered as purely resistive at resonance.
The total impedance of the circuit is
~ 110,000 X 6000

’ DU IAROUY

= 110,000 6000 5690 ohms
, _Z' _ 5690 _ .

Q = X = 1530 = 3.13. Amns.
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Inductance and Capacitance

3.31 A loaded parallel-resonant circuit, tuned to 7 megacycles, has
a total impedance of 10,000 ohms and an over-all @ = 17. Calculate

the coil resistance and the value of the inductance and the capac-
itance.

Solution:
Z 10,000 _
X =0 = 588 ohms,
X 588
R = Q- 17 = 34.6 ohms. Amns.
To find L, we use
X, =2xfL,
and obtain 588 = 6.28 X 7 X 10® X L,
588 o
BBs ni s o
and L = 13.4 microhenries. Ans.
Likewise, at resonance
il
588 = 27270’
and C d

T 6.28 X 7 X 10° X 588
= 38.6 micromicrofarads. Ans.

Audio-Frequency High-Pass Filter

3.32 Design a filter to reject all frequencies lower than 200 cycles,
to work into a 600-ohm terminal impedance.

Solution:
The filter will be a high-pass filter.
Using formula 3.611 and formula 3.612,

600

we obtain L = 12.57 X 200

= 0.239 henries. Ans.
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- LSS
12.57 X 200 X 600
1
= 1257 X 10 X 2 X 10 X 6 X 10°
. 1 o 1 6
T 151 x 10° 1.51 2107
0.662 microfarad. Ams.

C =

Radio-Frequency High-Pass Filter
3.33 Design a filter with a terminal impedance of 2000 ohms to
reject all frequencies lower than 4.7 megacycles.

Solution:
A high-pass filter is needed. The cutoff frequency is 4.7 megacycles.
Using formula 3.611 and formula 3.612,
: 2000
weiobtain | LISERRETS S 47X 108
33.8 X 10~ = 33.8 microhenries. Ans.
1
T 12,57 X 4.7 X 10° X 2 X 10°
- 1
~ 1.18 X 10°
il —12
TlomE
= 8.45 micromicrofarads. Amns.

Low-Pass Filter

3.34 Design a filter to attenuate all frequencies higher than 10,000
cycles, working into an 8000-ohm impedance.

Solution: y
The filter is a low-pass filter (formula 3.62).
Usin _E
g L p
We obtain = LU 0.255 henry. Ans.

3.14 X 10,000



76 PROBLEMS AND SOLUTIONS Ch. 3
. A
TafR
= 1
3.14 X 10,000 X 8000
iy il
3.14 X 80
= 0.00398 X 10—°
=~ (0.004 microfarad. Ans.

X 10—*

W ave Filter

3.35 A wave filter is to pass only 480 to 520 kilocycles, working
into a resistance of 1000 ohms. Calculate the series and the shunt
components.

Solution:
Using the formulas for band-pass filters 3.631 to 3.634 we obtain
R
Ly = ———
P ow (fe— )
1000

~ 3.14 X 40,000
= 7.96 millihenries. Amns.
1, o 2= I) R
47 f1fe
o 4 X 10t X 10°
12.57 X 480 X 520 X 10°
= 12.7 microhenries. Amns.

— i
C: 47w fifo R

! 4 X 104
12757 X 4.8 X 5.2 > MM S 103
= 12.7 micromicrofarads. Ans.
1
=k
| 1
3.14 X 4 X 10* X 103

= 0.00796 microfarad. Amns.
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Wave Rejector
3.36 A local station operating at 750 to 760 kilocycles is to be

rejected by a filter working into a resistance of 1000 ohms. Find the
filter components.

Solution:

To reject a stated frequency band use the formulas for band
elimination, No. 3.641 ff.,

_(fo=f)R
Lo 1
= 10* X 10?
3.14 X 7.5 X 7.6 X 101
o MORE
~ 8.14 X 7.5 X 7.6
= 0.00557 X 10—
= 5.57 microhenries. Amns.

il
N T A B
_ 1
-~ 12,57 X 10* X 10°
0.0796 X 1077

= 0.00796 microfarad. Ans.

I

R
LS )

i 102

~ 12.57 X 10*

0.0796 X 10!

= 7.94 millihenries. Amns.

¥

co = Ys =1
2 wf1fe R
2Ly 104
T 3.14 X 7.5 X 7.6 X 10° X 10®
0.00557 X 107°
5.57 micromicrofarads. Amns.

I

I
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Kirchhoff’s Law for Alternating Currents

Fig. 3.37 Unbalanced
impedance bridge.

3.37 In the circuit of Figure 3.37

Z, = 15+ 3j 20
Z, =0+j25
Zs =0 — 510
Zs =40 — 50
Zs = 100 — j 100

The applied voltage E = 10 volts. Using Kirchhoff’s laws find the
current flowing through Vi

Solution:
Let the current through 7 1 be it 1, the current through Z 3 be I 3, and
the current through Zsbe Is; ; the direction of Isis assumed arbitrarily,
a convenient procedure which is discussed in problem 2.22. In the
circuit of Flgure 3.37 the arrow 1s pointing upward, therefoxe a
current of I :k I's will flow through Z», and a current of Is — Iy will
flow through Zq.

Applying Kirchhoff’s second law to the lower path yields
10 — 5 (— ji10) — (Is — Is) (40) = 0; @)
to the left loop |
I, @5 - j20) — I; (100 — j100) — I (— 410) = 0; (2}

to the right loop
5 (100 — j 100) + (1 + I5) (25) —
(s — Is) 40) =o. @)
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Rearranging

Ty (— 40 +j10) + I5 (40) + 10 =0 (€H)
I (15 + 7 20) + I3 (j 10) — I (100 — 7 100) = 0 @)

I (j 25) s ((— 2U) + I (100 — 5 100
+Jj 25 + 40) = 0. 3)
Simplifying Fi(— 40 +j10) + Is 40) +10 =0 )
(15 +j20) + I, (j10) .  — Is (100 — j 100) = @)
I (j 25) + I, (— 40) + 75 (140 — j75) = 0. 3)

These simultaneous equations are solved by the method of substitu-
tion as follows: 4

Expressing I: in terms of I; and fsin 3)

I (—40) + I (140 — 5 75)
—j25

s (—j1.6) + I (3 + j5.6).

Ty —

Il

Substituting in (2)
75 (—71.6) (15 + 5 20) + F5 (8 + j 5.6) (15 -+ j 20)

< I3 (5 10) + I5 (—100 + j 100) = O
Multiplying
Fa(—j24 +32) + I (45 + 784 + j60.— 112)
+ I3 (47 10) + I's (—100 + j 100) = O

Simplifying
I3 (32 — j14) + I (—167 + j244) =0
Expressing 75 in terms of I

o . 167 — j 244 . 296/ —55.6°
I3 =1s————F— =Ils5—i—>7s
35 — ;14 34.0/—23.6

I

7.8.48/—82° = I (7.19 — j 4.5).
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Substituting in (1)
I5(7.19 — j4.5) (—46 +j10) +4071; + 10 = 0
I5 (—288 + j 180 + j 71.9 + 45 + 40) + 10 = 0
Is(—203 + j251.9) = —10

i 10 = 10
® T 203 —;251.9 323/—50.9°

= 0.0308/50.9° vector ampere. Amns.

No

Impedance of Bridge Network

3.38 Calculate the equivalent impedance of the bridge network of
problem 3.37.

Solution:
Using the value found for js, viz.,

I = 0.0308/50.9°

0.0194 -+ 5 0.0239,

‘we can write Kirchhoff’s law for the upper path
10 = 1 Z1+ (Fo + Is) Za
10 = f1 (15 + 5 20) + ({1, + 0.0194 + j 0.0239) (j 25)
10 = 71 (15 + j45) + j0.486 — 0.598

7. _ 10.598 — j0.486
: 15 + j 45

_ 10.6/—2.6°
47.5/71.6°
0.0603 — 5 0.215.
Similarly, the equation of the lower path is
10 = jaZaa o= (fa = Ius) Z°4
10 = I3 (—j10) + (s — 0.0194 — 7 0.0239) 40
10 = 75 (40 — j 10) — 0.777 — 7 0.957
75 (40 — 7 10) = 10.777 + 7 0.957

= 0.223/—74.2°
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s 10.78 + j 0.957

s 40 — 710
10.8/5.1° ona ot
St ram L2l

= 0.248 + 7 0.086
The total current is
I, =1, + Is = 0.0603 — j0.215 + 0.248 + j 0.086
= 0.3083 — j 0.129 = 0.334/—22.6°.
The total impedance is then found by Ohm’s law

10

Zys 0.334/—22.6°

= 29.9/22.6°

27.6 + j 11.5 vector ohms. Ans.

General Solution of the Delta-Star Transformation
C

Zy Z,

Sy Z3 S2 Fig. 3.39 Equivalent delta
A B and star impedances.

3.39 Calculate the equivalent star circuit of Figure 3.39.

Solution:

Viewed from A B the impedance of the delta circuit is Z; in parallel
With Z, + Z,.

By the product-sum rule

(T — (Z1 + Z») Zs
® T Zi+ Zo+ Zs

.



“Viewed from A B the impedance of the star circuit is
Zab“‘ =S1+ 8S:
We therefore have the identity

(Zi + Zs) Zs — . d
Z1+Z2+ Zs Sy fiss. @

(Z2 + Zy) Z:
Zi+Z.+ Zs

(Zs + Z1) Z»
Zi+ Z,+ Zs

Subtracting (2) — (3) we obtain

(Zz+Z3)Z1_(Z3+Z1)Z2=S —
Zi+ Zs + Zs <
Z1Zo+Z1Zs— ZoZis— L1 75
Zy+ Zs + Zs
Z1Z3 — ZyZs
Z1+Z»+ Zs

Similarly = S, + S, (2)

and = S3 + Su. 3)

=8: — S

S — 81 (4)

Rewritir{g (1)
Z1Zs+ Z2Zs
71+ Zs+ Zs

= S; + Su (1)

Adding (1) + (4)
27, Z3
Zy+ Z>+ Zs
Z1Zs N
Zy+Zy+ Zs’
Zs Zs
Zi+ Z>+ Zs’

_ ZnZs
Zy+ Zo+ Zs

=28,
and S, =
likewise S: =
and S; =

Rule: Each star impedance is equal to the product of the two includ-
ing delta impedances, divided by the sum of all delta impedances.
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Dpelta-Star Transformation for Alternating Currents

ALTERNATING-CURRENT CIRCUITS

83

3.40 Find the equivalent impedance and the total current of the
pridge network of problem 3.37 with the aid of a delta-star trans-

formation.

Solution:

The star impedance opposite 7, is

8.

Similarly 84

o

and Ss =

o
S5 is in series

(40 — j 0) (100 — j 100)

" 725+ 40 + 100 — j 100

Il

(40/0°) (141/—45°)
158/—28.3°
34.1 — j10.3
(25/90°) (141/—45°
158/ —28.3°
6.41 + j21.4
(25/90°) (40/0°
158/ —28.3°
—3 + j5.54

— 35.7/—16.7°

= 22.3/73.3°

= 6.32/118.3°

with the parallel combination consisting of the two

5 5
branches Z, and Z,, where

and Zs

Zo+ 2y

* the parallel combination is

o

»

Zi4+- Sy =214 +j4a1.4 =
Zs+ 8. =341 — j20.3 =
55.5 + j 21.1
— 59.5/20.8°
7 z"bn
Za+ Zs

Il

(46.6/62.6°) (40/—30.7°)
~ 59.5/20.8°
31.4/11.1° = 30.8 + j 6.05.

46.6/62.6°
40/—30.7°
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The total impedance is
Ze = Zip+ 85

= 27.8 + j11.59
= 29.9/22.6° y&ctor ohms. Ams.
S . A
‘T 29.9/22.6°

0.334/ —22.6° yector amperes. Ans.

Thévenin’s Theorem for Alternating Currents
3.41 Solve problem 3.37 with the aid of Thévenin’s theorem.

Solution:

Let Z; be the load, and A and B the terminals of the Thévenin
generator. The computation of the equivalent internal impedance Z:
and the equivalent electromotive force Eu follows closely the one
outlined in problem 2.26, except that the resistances are replaced
by complex impedances.

With the electromotive force short-circuited, Zn,-, as seen from A B,
consists of the two parallel combinations of Z 1 and 22, plus 23 and 24.

Siy = 212y _ (15 +j20) (0 +j 25)
= 15 + j 45
= —(25—/23:; /)752550/&) = 13.13/71.6°
=415+ j12.5
2N O R OJIEoREI0), | (10/—=907) (40/0%
: 40 — j 10 41.4/—14°

9.67/—76° = 2.34 — j9.33
Zis = Zaa -+ Z34 = 4.15 + j12.5 + 2.34 — j9.33
= 6.49 + j3.17
This internal generator impedance is in series with the load Z 5, which
adds up to a total impedance of
Z = Z:+ Zs = 6.49 + j3.17 + 100 — j 100
= 106.5 + j 96.8 = 144/—42.2°




§3.42 ALTERNATING-CURRENT CIRCUITS 85

To find the equivalent electromotive force .Z:}'c.,,, the voltage drop across
7. and Z, must be calculated.

By the potentiometer rule

Ty = 1o DREERE | 4 20
Zae 7, 40 — 710

o 400 A AL
T i s — 9011200
= 9.33 +j2.34

. 7 j25
-1 - .

B W0y — 015 1565

250/90°

= Z7.5/71.5° = 5.27/18.5°

=5+ j 1.67.
The potential difference is

Ba = By — E» — 4.33 + j 0.67
— 4.43/8.7°

The current through Zs is therefore

. Bo = 443/8.7°
T g, 144/—42.2°

= 0.0308/50.9° vector ampere. A.ns.

M-Derived Filter

3.42 To obtain sharper attenuation in the cutoff region of the filter
of problem 3.34 an inductance L is inserted in series with the shunt-
arm capacitance which is (1 — m?)/4 m times the inductance L of
problem 3.34. The other filter components change as follows: the
series-arm inductance becomes L} = m L, the shunt-arm capacitance
becomes ¢/ = m € where m = V1 — (f./f=)?, f. is the cutoff fre-
quency of the prototype filter (of problem 3.34), fe is the frequency
(ff very high attenuation of the m-derived filter. If fo = 11,000 cycles,
find the components of the m-derived filter.
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Solution:
The value of m is
m = V1 — (fo/f=)?
= V1 — (0.909)> = V1 — 0.826
= V0.174 = 0.417
"The new series inductance is
I =mL = 0417 X 0.255 = 0.106 henry. Ans.
The new shunt capacitance is
C’" = m C = 0.417 X 0.00398

= 0.00165 microfarad = 1650 micromicrofarads.

The shunt-arm inductance is

i

1 — 0174
T 1x0417
0.826

= m X 0.255 = 0.1261 henry. Ans.

x 0.255

Ans.



4 Vacuum-Tube Fundamentals

Electron Emission

4.01 Calculate the thermionic emission of an oxide-coated cathode
for a temperature of 1200K, with material constants A = 0.005 and
b = 11,750:

Solution:
Using Dushman’s equation
b
T = ARz ies )

11750

0.005 X (1200)% X e 1200
=5 X 107% X 1.44 X 10° X ¢ °7

we obtain I

The last factor, unless special means are available, is found with the
aid of logarithm tables or the slide rule L-scale.

log €97 = —9.79 X log e
= —9.79 X 0.4343
= —4.252
= 0.748 — 5
%7 = antilog (0.748 — 5)
= 5.6 X 1073,
Substituting :
I =5 X 1073 X 1.44 X 10® X 5.6 X 10°®
= 40.4 X 1072 = 404 X 1073

= 404 milliamperes per square centimeter. Ans.
87
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Two-Electrode Tube Emission

4.02 The following readings were observed in a space-charge-limited
2-electrode tube: 4

I = 70 milliamperes, E, = 82 volts.

What current can be expeeted when a plate voltage of 100 volts is
applied? :

Solution:
Substituting in the emission equation (formula 4.12)
I = KE,;}

we obtain 70 X 10~ = K x 82% Which solved

4 70 X 1073
for K, yields K = e

_ 70 X 10°* 70 X 10*
/551,000 742

= 0.0943 X 107% = 9.43 X 107°.
At a plate voltage of 100 volts the current to be expected is
I =9.43 X 107° X V100°
=9.43 X 107°% X 10°® = 9.43 X 1072
94.3 X 102 = 94.3 milliamperes. Ans.

I

Triode Plate Current

4.03 The triode type 6P5 has the following typical operation data
obtained from the information of the manufacturer:

plate voltage 100 volts

plate current 2.5 milliamperes
grid voltage —5 volts
amplification factor 13.8

If the plate