93000000008 5000000000000000006 00
BIRLA CENTRAL LIBRARY
: PILANI (RAJASTHAN)
Call No
5+  Asoession No.
V00000008 000000000000000200000040

O900600000000000000









PROBLEMS IN RADIO
ENGINEERING



ALSO BY
E. T. A. RAPSON

EXPERIMENTAL
ELECTRICAL ENGINEERING

A guidoe to the experimental work necessary for
students taking the Ordinary and Higher National
Certificates in Electrical Engineering, and also the
B.Se. and LLE.E. Examinations. 8. net.

A very meruorious production, reflecting greal credit on the

author and publishers  Will be r+1u useful both to students and
teachers.” —-ELECTRICAL REVIEW.

EXPERIMENTAL
RADIO ENGINEERING

Assisted by

E. G. ACKERMANN

This book sets out a number of experiments and
methods of measurements suitable for a three- or
four-years’ course in racio engincering. 159 pp.

8s. 6d. net.

‘“4n admirable publication. supplying ‘he tyve of instruction in
practical work which iz very difficedt to obtan - -1t ECTRICAL
RERVIEW.

PITMAN BOOKS




PROBLEMS IN RADIO
ENGINEERING

BY

E.T. A. RAPSON

M.Sc. (Ex.) Loxpon, ACLGLL, DIC.
M.Brre LR.E, AMLET, AssocL.LR.E., F.P.S,
WHITWORTH EXHIBITIONER

HEAD O THE DEPARTMENT OF RADIO ENGINEERING
SOUTHALL TECHNICAL COLLEGE

SINTH EDITION

LONDON
S1R ISAAC PITMAN & SONS, LTD.
1946 :



First Edition 1935
Second Edition 1935
Third Edition 1938
Fourth Edition 1939
Revised Reprint 1940
Faifth Edition 1942
Reprinted 1943
Sixth Edition 1945

Reprinted with minor corvections 1946

SIR 1SAAC PITMAN & SONS, L1n
PITMAN HOUSEF, PARKLR STRITT, KINGSWAY, LONDON, W.C.2
. THE PITMAN PRESS, BAIN
.mwvl’ll'\lAV HOUSE, FITTIE COLLINS STREET, METHBOURNE
CNITEERS BUHLOING, RIVER VALLEY KOAD, SINGAPORE
27 HECKRETTS HUILDINGS, PRESIDINT SIRERD, JOHANNESBURG
ASSOUTATED COMPANIEES
PITMAN PUBLISHING CORPORATION
2 WEAT 451H SIRLET, NEW YORK
20§ WEST MONKOE STREIT, CHICAGO
STR ISAAC PITMAN & SONS GCANADAG 1,

{INCORPORATING THE COMMIRUIAL [FXT BOOK COMPANY)
PITMAN HOUSE, 351-303 CHURCH STREET, TOKON O

BOOK
F'RODUCTION
WAR ECONOAT
STANDARD

THE PAPER AND BINDING OF
THIS BOOK CONTORM TO THE
AUTHORIZED ECONOMY STANDARDS

MADE IN GRFAT BRITAIN AT THF PITMAN FPKRSS, HATH
Do (T.35)



PREFACE
Tuese problems were collected and classified to facili-
tate the class-work in Radio Engineering, which forms
part of the course for the Higher National Certificate
in Electrical Engineering developed at Southall
Technical College.

They are drawn from past examination papers of
the City and Guilds of London Institute in Radio
Communication, the Institution of Electrical Engineers
in Electrical Communications, and the University of
London in Telegraphy and Telephony. Acknowledg-
ments are made to these authorities for permission to
reproduce the questions.

The descriptive examples have been included to
guide those readers who are engaged in private study
far the above examinations. References for further
reading have been given to assist the private student.

E.T.A.R.

SovTHALL TeEcHNICAL COLLEGE

PREFACE TO THE SIXTH
KDITION
IN this edition two new chapters dealing with ALC.
Bridges and  (athode-ray Tubes respectively  have
been added.

By permission of the Council, specimen examina-
tion papers of the British Institution of Radio Engin-
cers have been included, and  acknowledgment s
hereby made to the Seeretary, § Bedford Square,
London, W.C.1.
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PROBLEMS IN RADIO
ENGINEERING

1. CAPACITANCE AND CONDENSERS
Simple Parallel Plate Condenser
1'1lkd  0-088kd .
C == d = 4 micromicrofarads
where 4 = area of each plate (sq. cm.),
d = distance apart (cm.),
k = permittivity (or dielectric constant).

Multiple Plate Condenser

L Llkd(No1) 0088kAN — 1)
- 4nd - d

where N = total number of plates.

c

nuF,

Compos_ite Condenser

For a composite plate condenser made up of dielectrics
of thickness d,, d,, etc., having permittivities of «,, «,, etc.,
respectively, these may be considered to be in series, and
we have

0-088.4
C

= (s + defrg + - -

Concentric Cylindrical Condenser
024
~ log (R[r)

! = axial length in cm.

R = radius of outer cylinder

r = radius of inner cylinder

1

uuF.
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Selt-capacitance ot Single-layer Coil
C = 0-5R to 0-75R uuF.
where R is the coil radius in cm.

Selt-capacitance of Double Layer Coil
C = 0-18«RL[D puF.

where R is the radius, L the length, and D the distance
between layers of the coil all in cm.

Energy Stored in a Condenser is

Q¥2C = CV?2 = QV/2 joules
when @, C and V are expressed in coulombs, farads and
volts respectively.

Power Loss

An imperfect condenser can be represented by a perfect
condenser C either (a) in series with a low resistance r, or
(b) in parallel with a high resistance R.

(@) Series. tan ¢ = 1/wCr
1
VI F 1wC?7
Power loss = I*r = I*[wC tan ¢ = (I*[wC) tan 6
where 4§ is the dielectric loss angle = (90 - ¢).
(b) Parallel. tan ¢ = oCR

.. power factor cos ¢ = Z=o'r

l L v
cos ¢ = m - ]I(I)(_‘ R

Power loss = V%R = V*wCftan ¢ = V?wC tan 6

Condensers in Parallel and in Series
In parallel, total capacitance is given by
C=0C+Cp+C3+ ...
Condensers in parallel share their charges.
In series, total capacitance C is given by

1C = 1/Cy + 1/Cy + 1Cqy + . . .



PROBLEMS IN RADIO ENGINEERING 3

Potential Gradient
(a) Simple parallel condenser
g="VID
where V is the p.d. between the plates and D their distance
apart.
p(b) Composite parallel condenser having a solid dielectric
thickness d, permittivity «, in contact with one plate.
Potential gradient in the air
V
I=Dp_da-1j0

(c) Cylindrical condenser. Potential gradient at radius
x is
v

9=z logh (R/r)
where R and r are the outer and inner radij respectively.

Charge and Discharge

The voltage across a capacitance C in series with a
resistance R at time ¢ sec. after connection to a voltage V
is

v = V(l —¢tIoR)

During discharge v = Vg t/CR,

The time constant of the circuit is CR sec. and is the
time taken for the condenser to charge up to 0-63 of its
final voltage or to discharge down to 0-37 of its initial
voltage.

EXAMPLES 1

1. Give details of the design of an oil condenser for a capaci-
tance of 0-001 microfarad. The voltage limitations may be
assumed to require a plate separation of 1} in. and the dielectric
constant of the oil may be taken as 2. (I.E.E., Oct., 19286.)

2. Describe the construction of a variable condenser suitable
for receiving purposes. (C. & @G., 1, 1928.)

3. A transmitting condenser has a capacitance of 0-:025
microfarad. Its power factor is 0-0005. What power is dis-
sipated in the condenser when carrying a current of 200
amperes (r.m.s.) at a frequency of 25 000 ¢/s?

(C. & G., 1, 1928.)



4 PROBLEMS IN RADIO ENGINEERING

4. Describe, with sketches, the construction of one type of
fixed condenser suitable for a radio transmitter.
(c. & aG., 1, 1929.)
5. What is meant by the ‘‘self-capacitance” of a coil?
Describe some methods of measuring its value. What would
be the approximate self-capacitance of a single layer solenoid
5 cm. radius and 10 cm. long? State the basis of your estimate.
(I.E.E., Nov., 1929.)
6. Calculate the capacitance of a condenser formed by two
long concentric circular cylinders of length ! and radii B, and R,.
(I.E.E., May, 1930.)
7. A condenser has five plates, each measuring 5 cm. by
2 cm. They are separated by mica plates 0-1 mm. thick and
having a dielectric constant of 9. Calculate the capacitance in
micromicrofarads. ([.E.E., May, 1930.)
8. Describe the construction of a fixed condenser suitable
for high voltage and high frequency. A condenser of 2 micro-
farads capacity is charged to a potential difference of 1 400 volts.
What is the amount of energy stored in the condenser? If
this charged condenser is connected in parallel with an un-
charged condenser of 3 microfarads capacity, what will be the
potential difference and the total energy stored after con-
nection? Explain the reason for any difference in the energy
stored in the two cases. C. & G., 1, 1932,
9. Two parallel square metal plates, each of 20 cm. side, are
separated by an air-gap of 1 em. A slab of dielectric of permit-
tivity 5 and thickness 5 mm. is placed between the plates and
in contact with one of them. Calculate the capacitance of the
condenser so formed. If the condegser is charged to a p.d. of
2 000 volts, calculate the voltage gradient in the air space.
([.E.E.. Nov., 1932.)
10. A high frequency fixed type condenser consists of a
number of parallel plates uniformly spaced and immersed in
oil. It is desired to make the condenser suitable for higher
voltage by doubling the spacing between the plates. Assuming
that the modified condenser is worked at double the voltage
previously used, compare in the two cases—

(a) the capacitances,

(b) the total volt-amperes taken by the condenser,’

(¢) the volt-amperes per unit volume of diclectric taken
by the condenser. C. & G, 1, 1933.)

11. What is meant by the permittivity of a dielectric? An
air dielectric flxed condenser and inductance are found to
resonate at a wave length of 500 metres. The condenser and
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inductance are immersed in oil, and it is then found that they
resonate at 750 metres. What is the permittivity of the oil?
(C. & @G., Prelim., 1935.) "
12. A condenser of eleven rectangular pla.tes each 2 inches
by 1 inch, separated by mica plates 4 mils thick, has a capaci-
tance of 4 000 uuF. What is the dielectric constant of the
mica? (I.E.E., May, 1935.)
13. Find a formula for the capacitance of a parallel-plate
condenser. The capacitance of a parallel-plate condenser
is measured, and a slab of insulating material of thickness
0-5 cm. is introduced between the plates, which are then
separated uyntil the capacitance is restored to its original
value. To do this it is found that the distance apart of the
plates has to be increased by 0-34 cm. What is the permit-
tivity of the insulating material ? (I.E.E., Nov., 1935.)
14. A variable condenser has a maximum capacitance of
1000 micromicrofarads and a minimum capacitance of 100
micromicrofarads. When in the maximum position it is
charged to 1000 volts. The charging supply is then discon-
nected and the condenser turned to the minimum position.
What was the original energy and the final energy stored in
the condenser? Explain the reason for any difference.
(C. & G., Prelim., 1936.)
15. A condenser is being charged from a d.c. source through
a resistance of two megohms. If it takes 0-5 second for the
charge to reach three-quarters of its final value, what is the
capacitance of the condenser? Prove any formula used.
(I.E.E., May, 1936.)
16. Describe the construction and explain the action of one
type of electrolytic condenser. How does the working voltage
affect the capacity? Why is a d.c. potential necessary?
(C. & G., Prelim., 1937.)
17. When a slab of insulating material of 0-4 ecm. thickness
is introduced between the plates of a parallel-plate condenser,
it is found that the distance ‘apart of the plates has to be
increased by 0-35 cm. in order that the capacitance of the
condeénser shall be restored to its original value. What is the
permittivity of the insulating material? (I.E.E., Nov., 1937.)
18. The losses in a condenser can be represented by either
a series resistance r or a shunt resistance R. Deduce an
expression for the relationship between the two equivalent
resistances. If the product of the equivalent series resistance
and capacitance of a condenser at a certain frequency is
20 X 10719, and the power factor is 0-001, at which frequency
was the measurement made? C. & G., 2, 1940.)
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2. SELF-INDUCTANCE

REFERENCES. Eleclric Circuits and Wave Fillers, by Starr
(Pitman); Admirally Handbook of Wireless Telegraphy (H.M.
Stationery Office); Radio Frequency Measurements, by Moullin
(Griffin).

Wire, h cm. above Earth
L = 0-0046! log(2h/r) pH. when I > 21
and L = 0-0046/ log(2lfr) uH.whenl -2 2h
where ! cm. is the length and » ¢m. is the radius of the wire.
Single-layer Coil
L = 0-0098d*N2k[l uH.

where N is the number of turns, ! cm. the length and d em.
the diameter of the coil, and % is Nagaoka's constant
which depends upon df! and is given in the following table—

gt ' o0 .01 02 ,056 ; 1 1 2 | 6 | 10
| ! ' | ' : I

E | 1 |o96! 092 082/ 069 | 053 | 0-32 | 0-20

Toroid or Long Solenoid
If dfl is small and the coil is air-cored,

L = 0-0098 d>N?fl uH.
= 0-0098 d2n?l pH.

where 7 is the number of turns per cm. length.

If the core has a permeability u,
L = 0-0098 d*n2ul uH.

Multi-layer Coil
1, — 0023 N?g(1 — 2:25 o/d)
1 +231d #

where d is the -outside diameter, ¢ the radial depth, and
I the length of the coil all in cm.
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-3

Inductances in Series and in Parallel
In series, the total inductance is given by

. L=L+Iy+ L+ ...
In parallel, the total inductance L is given by

1YL =1fL, + YLy + 1Ly + . ..
Growth and Decay of Current

The current at any time ¢ after connection to a voltage
V in a circuit of inductance L and resistance It is

t = (VIR)(1 — & 1¥/L)
The decay of the current is given by

1 = (V|R)eRIL
The time constant of the coil is LfR sec.
The reactance of an inductance L is wL.

The dynamic resistance of a coil having inductance L,
resistance R and self-capacitance C is LICR.

EXAMPLES 2

1. A glass tube 3 cm. in diameter is bent round to form a
ring of 20 cm. diameter, and the tube is then wound uniformly
with 500 turns of wire. Calculate the inductance of the toroid
so formed, proving any formula used. (C.& G., Final, 1927.)

2. A single layer solenoid is 6 cm. diameter and 24 cm. long,
and is wound uniformly with 10 turns of wire per cm. of length.
Calculate the approximate inductance in microhenries of the
coil, and state, with reasons, whether you consider your
calculation is an over or an under estimate.

(I.E.E., Nov., 1929.)

3. What is meant by the terms self-induction and reactance?
Two coils have self-inductance of 5 henries and 10 henries
respectively. What will be their reactance at a frequency of
50 cycles per second when connected (a) in series, (b) in
parallel? (C. & aG., 1, 1932.)

4. A wooden ring has a mean diameter of 15 cm. and a
circular cross-section of diameter 2 cm. It is wound uniformly
with one layer, and the winding has 30 turns per cm. Calculate
the inductance of this toroidal coil. (I.E.E., Nov., 1932.)

5. State the methods which are adopted to reduce the self-
capacitance of receiving inductances. In two similar coils
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having the same number of turns, the linear dimensions of one
coil are in all cases double the corresponding dimensions of the
other. How will their inductances compare?

(C. & G., Prelim., 1934.)

6. A relay with an inductance of 3-0 henries and a resistance
of 180 ohms operates with 1 milliampere. What time will
elapse before the relay commences to operate after a potential
difference of 025 volt is established across its terminals?
Prove any formula used. (I.E.E., Nov., 1934.)

7. A glass tube 4 cin. in diameter is formed into a ring of
25 cm. diameter, and the tube is wound uniformly with 750
turns of wire. Find the inductance of the toroid formed in
mH., proving any formula used. (I.E.E., May, 1935.)

8. An impulsing relay, having a resistance of 600 ohms
and an inductance of 1-8 henries, is adjusted to operate with a
current of 20 mA. What will be the operating lag of the relay
when it is connected in series with a non-inductive resistance
of 1000 ohms and a battery of 48 volts?

(I.E.E., Nov., 1936.)

9. An inductance coil has an inductance of 0-025 henry.
When a 100 volt 50 cycle potential is impressed across the
coil the current flowing is 10 A. What are the resistance and
the power factor of the coil? (C. & G., Prelim., 1937.)

10. What is meant by the time-constant of a circuit?
A 50-volt battery, a 100-ohm resistance, and coil having an
inductance of 4 henrics and a resistance of 100 ohms, are
connected in series. Find (a) the current after a period equiva-
lent to the time-constant of the coil, and (b) the rate at which
the current will then be increasing. (1.E.E., May, 1937.)

11. The current in a circuit comprising resistance and
inductance can be represented by the expression i —= (E[R)
(1-e-RYL), If I’ = 120 volts, R - 60 ohms, L == 012
henry, e = 2:71, plot a curve showing the value of i as t varies
from 0 to 0-004 gecond. From your curve find the time taken
for the current to reach 1-26 amp. (. & G, 1,.1939.)

3. SERIES CIRCUITS

The more important formulae for use with series circuits
are given in the following table. Although the use of vector
operators is not essential in series circuits they are given
here as an alternative to the scalar quantities to make them
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familiar to the student. The use of vector operators when
dealing with parallel circuits is essential.

Reactance of a tesistance R R R
» ,»» aninductance L oL joL
” ,» & condenser C 1/wC 1fjwC = - jloC
Impedance Z of R, L, C in VI[R?+ (wL - 1[/wC)?]| R + joL - jlwC
series
Current I in circuit ViZz viZ
Voltage across resistance IR IR
' ',y inductance wLI joLI
' ,» condenser IjwC - jljoC
Power factor R(Z
Resonant frequency 1/2m4/(LC)
Impedance at resonance - R

EXAMPLES 3

1. A current of 1 ampere, frequency 100 000 cycles per sec.
is passed through a coil of resistance 20 ohms and inductance
400 microhenries. What is the voltage across the coil?

(C. & @G., 1, 1928.)

2. A current of 0-5 ampere, frequency 159 000 cycles per
sec., is passed in series through & condenser of 1000 micro-
microfarads and an inductance of 800 microhenries. Find the
voltage across each and across the two together. Resistances
may be neglected. . &da., 1, 19217.)

3. If the potential difference across a condenser and a resis-
tance in series is given by the expression v = 25 sin 10%, and the
current through by i = 10 sin (10% 4 30°), what are the values
of the condenser and the resistance? (I.E.E., Oct., 1927.)

4. What is understood by the statement that the impedance
of a circuit is R + jX? If the resistance of a series circuit
is 15 ohms, the inductance is 800 microhenries and capacitance
1 000 micromicrofarads, draw a diagram from which the
impedance of the circuit at frequencies round about resonance
can be read off. (I.E.E., Oct., 1927.)

5. An alternating voltage of 100 volts (r.m.s.) at a frequency
of 100 000 cycles is applied to a circuit consisting of a coil
of 1 500 microhenries inductance, a condenser of 0-007 micro-
farads capacitance, and a resistance of 25 ohms, all connected
in series. Find the value and phase angle of the resulting
current. (C. & G., Final, 1928.)

6. A transmitting aerial is tuned to 600 m. by a series
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inductance of 200 microhenries. What is the voltage at the
leading-out insulator when the aerial is supplied with 20
amperes (r.m.s.) at this wavelength? C. & G., 1, 1929.)
7. A condenser, resistance, and inductance ‘are connected
in series across an alternating current supply of 100 volts,
500 cycles.” If the capacitance of the condenser is 2 micro-
farads, the inductance is 1 henry and the resistance is 10 ohins,
what is the current flowing in the circuit, and what is the
voltage across each item? (C. & G, 1, 1929.)
8. A circuit consisting of a coil, a variable condenser, and a
thermo-couple is lightly coupled to a variable frequency
power oscillator. A galvanometer is connected to the couple.
The circuit is in resonance when the oscillator is adjusted to
1000 m. When the oscillator is adjusted to 1005 m., the
galvanometer deflection is halved. If the capacitance of the
condenser is 0:0015 microfarad, what is the resistance of the
circuit ? (C. & d., Final, 1929.)
9. In a transmitting circuit two condensers in series carry
a high frequency current of 100 amperes, r.m.s. The capaci-
tances of the condensers are 0025 and 0-015 microfarad. If
the wavelength of the transmitter is 5000 m., what is the
voltage across each condenser? (C. & G., 1, 1930.)
10. What is the current in a circuit consisting of an inductance
,of 1-5 henries, a resistance of 100 ohms, and a condenser of 20
microfarads all in series, when subjected to an impressed e.m.f.
of 100 volts r.m.s. at 50 cycles per sec. (C. & G., 1, 1930.)
11. A coil of inductance 2 mH. and resistance 20 ohms is con-
nected in series with a condenser of capacitance 500puuF. An
e.m.f. of value 1 volt is induced in the circuit. Calculate the p.d.
across the condenser when this e.m.f. has a frequency of (a) 158
ke. per sec., and (b) 150 kc. per sec. (I.E.E., May, 1930.)
12. A condenser of 4 uF. is connected in series with a resis-
tance of 400 ohms. This combination is connected in series
with two inductances in parallel of values 10 henries and 5
henries respectively. What current will flow through the
resistance when an e.m.f. of 100 volts r.m.s. at 50 periods per
sec. is applied to the circuit? (C. &£ G., 1, 1931.)
13. A condenser of 2 microfarads, a resistance of 50 ohms,
and an inductance of 6 henries are connected in series. What
current will flow when an e.m.f. of 200 volts r.m.s. at 50 periods
per sec. is applied to the circuit? (C. &. G., 1, 1982.)
14. What is the impedance at a frequency of 900 ke. per
sec. of a circuit consisting of a condenser of 0-:0002 microfarad
capacitance in series with a coil of 200 microhenries inductance
and 25 ohms resistance ? (C. & G., Prelim., 1934.)
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15. A circuit consisting of a resistance of 50 ohms, an
inductance of 10 henries and a capacitance of 1 microfarad in
series is found to pass 1 ampere with a certain applied e.m.f.
alternating at 50 cycles per second. What will it pass with the
same e.m.f. alternating at 100 cycles per second?

(C. & G., Prelim., 1935.)

16. An e.m.f. of constant amplitude but variable frequency
is induced in a circuit consisting of inductance, capacitance
and resistance in series. Show that the vector locus of the
current in the circuit is a circle. (I.E.E., May, 1935.)

17. At a frequency of 796 cycles per second, an e.m.f. of
6 volts sends 100 mA. through a certain circuit. When the
frequency is raised to 2 866 cycles per second, the same
voltage sends only 50 mA. through the same circuit. Of
what does the circuit consist? (I.E.E., May, 1936.)

18. A eeries circuit has a resistance of 20 ohms, an induct-
ance of 400uH., and a capacitance of 320uuF. Draw the
vector locus of the current when an e.m.f. of 10 volts at varying
frequency acts in the circuit. From the vector locus find (a)
the resonant frequency, (b) the frequencies at which the current
is one-half its maximum value. (I.E.E., May, 1936.)

19. A coil of constant inductance is connected to an
alternating supply of 100 c¢/s and the current flowing is
noticed. When a 4-microfarad condenser, of negligible
resistance, is joined in series with the coil the value of the
current is the same as before. Calculate the inductance of the
coil. If the coil has a resistance of 600 ohms find the total
impedance of the circuit. (I.E.E., Nov., 1937.)

20. A resistance of 10 000 ohms and a condenser of 0-01
microfarad are connected in series. If 100 volts at a fre-
quency of 1 ke/s are applied across the circuit, what is the
potential across (a) the resistance, and (b) the condenser?
Find the value of the tangent of the angle between the applied
voltage and the voltage across the resistance.

(C. &£4aG., 1, 1938.)

21. The impedance of a series circuit consisting of resistance
and inductance is 200 ohms when the frequency is 500 ke/s.
If the value of the resistance is 100 ohms, what is the value
of the inductance? (C. & G., 1, 1940.)

22. The voltage across a circuit consisting of an inductance
and a resistance in series is 100 volts. If the resulting voltage
across each of the components is the same, what is the value
of this voltage? Explain your answer by means of a diagram.

(C. & G., 1, 1941.)
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4. PARALLEL AND COMPOUND CIRCUITS

The effective impedance Z of impedances Z,, Z,, etc., in
parallel is given by the vector equation

YZ =1Zy + 12y + . . .

Each impedance in this equation is in the form of an
operator Z = r + jx, where r is the total resistance and x
is the equivalent reactance of the circuit.

Expressed in the polar form, this may be written

Z = +/(r* + 2®)tan"!(x/r)
=z
where r = 2COS @
x =z sin ¢.

EXAMPLES 4
1. Find an expression for the effective impedance of two
circuits in parallel, one consisting of a condenser C and a
resistance R, and the other of an inductance L having a
resistance R;. Show that at wireless frequencies the locus of
the impedance is very nearly a circle of diameter L|C(R, + R,).
([.E.E., Oct., 1927.)
2. Two impedances having values of 80/30° ohms and
24 4+ j70 ohms are paralleled. What is the value of the resul-
tant impedance expressed as the sum of real and imaginary
guantities? What is the value of its modulus?
(C. & d., I'inal, 1929.)
3. A coil of inductance L and resistance R is connected in
parallel with a condenser of capacitance K: these two to-
gether are connected in series with a condenser of capacitance
C and a source of sinoidal applied voltage. IFind the apparent
input resistance of the whole system when the frequency
n = p[2n is such that p?L(C + K) = 1.
(I.E.E., Nov., 1929.)
4. A coil of inductance 5 mH. and resistance 50 ohms is
joined in parallel with a condenser of 508 uulF. capacitance:
these two together are joined in series with a non-inductive
resistance of 50 000 ohms to a source of alternating p.d. of
magnitude 1 volt and frequency 100 kilocycles per sec.
Calculate the p.d. between the terminals of the condenser.
(I.E.E., Nov., 1929.)
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5. A circuit consists of a condenser of 10 microfarads
capacitance which is joined in series with a ‘combination of an
inductance of 0-5 henry in parallel with a resistance of 300
ohms. What is the value and phase angle of the current in the
condenser when an applied e.m.f. of 250 volts r.m.s. at 100
cycles per sec. is applied to the circuit?

(C. & G., Final, 1930.)

6. A coil is wound with very fine stranded wire, and at low
frequencies it is found to bave an inductance of 3-2 mH.
and a resistance of 100 ohms. It has a self-capacitance of
32 uuF. Calculate the apparent inductance and resistance
for currents the frequency of which corresponds to a wave
length of 600 m. (I.E.E., May, 1930.)

7. Find the values of the non-inductive resistance and non-
resistive inductance which, when connected in parallel, have
the same impedance at a given frequency as a coil of inductance
L and resistance R. (I.E.E., May, 1930.)

8. A non-inductive resistance of 10° ohms is connected in
the anode circuit of a rectifier valve, and is shunted by a by-
pass condenser of 500 uulk. capacitance. A modulated signal,
the carricr wave of which has a length of 300 m., is applied
between grid and filament of the valve. Calculate the imped-
ance of the combination to the carrier frequency and also to
currents of frequency (a) 5 ke. per sec.; and (b) 100 cycles per
sec. (I.E.E., May, 1930.)

9. A coil of inductance 1 mH. and resistance 10 ohms is
connected in parallel with a condenser of 80 uuF. capacitance,
and a p.d. of 1 volt at a frequency of 750 kc. per sec. is applied
to the terminals of the combination. Find the current in the
coil, the current in the condenser, and also the current from
the source. (I.E.E., May, 1930.)

10. Explain the term ** self-capacitance” of a coil. A certain
coil has an inductance of 5 mH. and a self-capacitance of
5 uuF. What will be its effective resistance and inductance-
at a frequency corresponding to a wavelength of 600 m., if
the high frequency resistance of the windings is 100 ohms?
Find the effective power factor of the coil at this frequency.

’ (I.E.E., Nov., 1931.)

11. How would you measure the self-capacitance of a coil?
A coil of 3 mH. inductance has a self-capacitance of 10 puF.:
if the apparent resistance is 70 ohms at a wavelength-of 1 000 m.,
calculate the resistance it would have in the absence of self-
capacitance. (I.E.E., Nov., 1932.)

12. A resistance of 1 500 ohms and an inductance of 5 henries
are connected in parallel across a 50 cycles per sec. alternating
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current supply of 1000 volts r.m.s. What will be the total
current taken from the mains? (C. &£ G.,1,19338.)
13. An alternating voltage of 100 volts (r.m.s.) at 50 periods
per sec. is applied to a circuit consisting of a condenser of
2 microfarads in parallel with a coil having an inductance of
5 henries and a resistance of 100 ohms. What will be the
amplitude and phase of the current through the inductance,
and the amplitude and phase of the current taken from the
mains? (I.E.E., May, 1933.)
14. A circuit consists of two branches in parallel. One
branch consists of an inductance L in series with a resistance
R; the other branch consists of a condenser C in series with a
resistance R. If 4/(L[C) = R, prove that the impedance of the
circuit is independent of frequency and equal to R.
(C. & G., Final, 1933.)
15. A condenser of 2 microfarads is shunted by a variable
resistance. Draw the vector locus of the impedance of the
parallel circuit at a frequency of 796 cycles per second as the
resistance is varied from zero to infinity. From the locus read
off the impedance when the resistance has values of 100 ohms
and 250 ohms. (l.E.E., Nov., 1934.)
16. A coil with an impedance of 20 4+ j50 has induced
in it an e.m.f. of 10 volts. Across the coil are connected two
circuits in parallel, the impedances of which are 100 + jO and
60 — j40 respectively. Find the current which flows in the coil.
(I.E.E., May, 1936.)
17. A circuit includes two sections AB and BC in series.
The section 4 B consists of two branches in parallel. The first
of these is formed of a non-inductive resistance of 60 ohms in
series with a condenser of 50 microfarads, whilst the second
consists of a resistance of 60 ohms having an inductance of
250 millihenries. The section BC consists of a resistance of
100 ohms having an inductance of 300 millihenries. The
frequency of the current is 50 cycles per second. The voltage
across the section AB is 500 volts. What is the voltage across
the section BC? (I.E.E., Nov., 1936.)
18. The arms of a T-network ABC-BD are as follows:
AB and BC each consist of a coil having a resistance of 40
ohms, and an inductance of 4 mll., and BD is a 10-microfarad
condenser. Across A and D is established a p.d. of 6 volts
at a frequency of 796 ¢/s. Find the current in a resistance of
40 ohms connected across C and D and its phase angle with
regard to the applied potential difference.
" (I.E.E., May, 1937.)
19. An inductance of 1/ mH. and a capacitance of 0-1fn
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microfarad are connected in parallel across an a.c. supply.
If the frequency is 100 kc/s and the value of the current
in the inductance arm is 1 ampere, find (¢) the voltage across
the parallel circuit, (b) the current in the capacitance arm,
(e) the total current in the common external circuit.

(C. & (., 1, 1939.)

5. SERIES RESONANCE

REFERENCES. Radio Frequency BMeasurements, by Moullin
(Griflin) ; Admiralty Handbook of Wireless Telegraphy (H.M.
Stationery Office); Wireless, by Turner (Cambridge Univ.
Press); Radio Engineering, by Terman (McGraw-Hill);
Principles of Radio Kngineering, by Glasgow (McGraw-Hill).

The condition for resonance is that the reactance must
be zero. ,

This is achieved in a simple series L, C, R circuit when
w? = 1/LC,

in which case the impedance Z = R and the current is a
maximum. . .

If V is the applied voltage, the current I = V/R and the
voltages across the coil and across the condenser

= VwL[R = V[wCR

The magnification factor @ = 1fwCR = wL|R.

In a composite circuit the condition for resonance is
determined by finding the total vector impedance in the

cartesian form R + jX, and equating the imaginary com-
ponent, i.e. X, to zcro.

Practical formulae for the determination of the resonant
frequency are

£ = 159-2/4/(LC) = 300/4
where A = 1:8854/(LC)
and . Af = 300.

Here, f is in megacyeles per sec., 4 in metres, L in micro-
henries, and C in micromicrofarads.

EXAMPLES 5
1. A condenser having a capacity of 800 micromicrofarads
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and a resistance of 1-5 ohms is connected across a coil having
an inductance of 1500 microhenries and a resistance of 8:56
ohms, and an e.m.f. of 10 volts is induced in the coil. Find the
frequency of the e.m.f. which will produce the largest current
in the circuit and the value of the current when the frequency
has this value. (C. & @G, 1, 1926.)
2. An inductance and condenser are connected in series and
are found to resonate at a wavelength of 750 metres. A second
condenser of 250 uuF. capacitance is connected in parallel
with the first condenser, and the circuit now resonates at
1 000 m. What is the value of the inductance and the capaci-
tance of the first condenser? (C. & G., 1, 1930.)
3. An alternator generating 500 volts.r.m.s. at a frequency
of 100 cycles per sec. has an armature, the inductance of which
is 0-25 henry. What power will it deliver into a resistance of
100 ohms? Can this power be increased by the use of a
condenser? If so, how should the condenser be connected and
what is the value of its capacitance? What power will be
delivered to the resistance with the condenser in use?
(C. & G, 1, 1930.)
4. What is meant by resonance in a circuit? What is a
resonance curve? How is the resonance curve of a circuit
affected by resistance? A condenser of 1000 puk'. is connected
in series with an inductance of 500 xH. What is the wave-
length at which this circuit would resonate? If an additional
condenser of 250 uuF'. is connected in series, what will be the
wavelength of resonance? (C. & G., 1, 1931.)
6. A coil of 2 mH. inductance is shunted by a capacitance of
2 000 uuF. These two together are connected in series with an
inductance of 4 mH., and an alternating p.d. is applied to the
combination. Find the frequency of this p.d. to which the
compound circuit will be in acceptor resonance.
(I.E.E., May, 1931.)
8. If each coil in Q. 5 has a resistance of 10 ohms at the
resonant frequency, find the apparent input resistance of the
combination. (I.E.E., May, 1931.)
7. Two low-decrement coils, each of inductance 5§ mH.,
are connected in scries with one another. A capacitance of
500 uuF. is connected across one coil and a capacitance of
400 uuF. across the other coil. Find the frequency at which
the network is in acceptor resonance, and sketch the resonance
curve between frequencies of about 50 and 150 kc. per sec.
(I.E.E., Nov., 1931.)
8. An inductance L, having a resistance R, is joined in
parallel with a capacitance C; these two together are in series
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with an inductance L having a resistance R. Find the effective
resistance and reactance of the combination when the fre-
quency is such that w?* = 1/LC. (I.E.E., May, 1932.)
9. How would you determine the natural wavelength of a
coil? An oscillatory circuit containing a thermo-milliammeter
is weakly coupled to a power oscillator and tuned to resonance
when the reading of the thermo-milliammeter is 20 milli-
amperes. A resistance of 5 ohms. is then added in series with
the resonant circuit and the current becomes 4 milliamperes.
What is the resistance of the circuit? If damped oscillations
had been generated in the circuit itself by means of a buzzer
and the current wifhout the added resistance had been
20 milliamperes, what would have been the reading when the
resistance of 5 ohms was inserted ? (C. & G., Final, 1933.)
10. Explain why the ratio w LR is known as the magnifica-
tion of an oscillatory circuit. Show how to find the effect on
the magnification of a high resistance shunting the oscillatory
circuit. If the inductance and resistance of an oscillatory
circuit, tuned to 300 m., are 150uH. and 10 ohms respectively,
find the magnification when the condenser is shunted by a
resistance of 50 000 ohms. (I.E.E., Nov., 1935.)
11. A tuned circuit consists of a condenser of 0-0005uF.
capacitance and an inductor of 1 mH. What is the wave-
length to which it will resonate? What will be the effect on the
wavelength of adding a condenser of 0-0003uF. in series with
the original condenser, and an inductor of 0-4 mH. in parallel
with the original inductor? (C. & d., Prelim., 1936.)
12. A series tuned circuit has a capacitance of 02 micro-
farad ; what must be its inductance, in order that resonance
shall occur at a frequency of 500 kc/s?* What is the effect of
resistance on the frequency/amplitude response curve of such
a circuit? . (C. &£ d., 1, 1938.)
13. A resistor, condenser, and variable inductor are connected
in series across a 200-volt 50 ¢/s a.c. supply. The maximum
current, which can be obtained by varying the inductance is
314 mA., and the voltage across the condenser is then 300 volts.
Jalculate the capacitance of the condenser and the values of
the inductance and resistance. (I.E.E., May, 1938.)
14. The capacitance of a condenser used for tuning a re-
ceiver can be varied between 30 and 300 micromicrofarads.
If the inductance is 100 microhenries, what is the approximate
tuning range of the receiver? (C. & G., 1, 1940.)
16. When an inductance and resistance are connected in
series it is found that the current passing at a fixed frequency
of 100 kc/s is half that passing when the resistance alone is in
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circuit, the applied voltage remaining constant. What is the
power factor of the inductance/resistance circuit? If the value
of the resistance is 100 ohms, what must be the value of the
capacitance needed in series with the inductance and resist-
ance to restore the current to the same valwe as when the
resistance alone was in circuit? (C. & aG., 2, 1941.)

6. PARALLEL RESONANCE

REFERENCES. Radio Frequency Measuremenls, by Moullin;
Admiralty Handbook of Wireless Telegraphy; Radio Engineer-
ing, by Terman; Principles of Radio Engineering, by Glasgow.

The condition for resonance is the same as that for an
acceptor circuit, viz. that the reactance must be zero.

In a simple circuit having two parallel branches, one
containing a capacitance C' and the other an inductance L
in series with a resistance R, this occurs when

w?® = (1/LC) - (R?¥}L?) = 1/LC
if R is small.

The effective or dynamic resistance of the circuit at
resonance

= LJCR = L3R

In more involved circuits the resonant condition is deter-
mined by finding the total vector impedance and equating
the imaginary component to zero.

If a network has no resistance it will be a stopper circuit
when the reactance is a maximum.

EXAMPLES 46

1. An alternating current of 5 millia.mperes divides between
a condenser and a coil connected in parallel. If the condenser
has a capacity of 350 micromicrofarads and a negllglble series
resistance whilst the coil bas an inductance of 250 micro-
henries and an effective resistance of 12 ohms, at what fre-
quency will the voltage across the combination be a maximum,
and what wﬂl be the value of this maximum voltage?

(L.U., 1926.)
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2. A condenser of 0-004 microfarad is*'shunted by an induc-
tance of 1 000 microhenries having a high frequency resistance
of 30 ohms. A voltage of 0-5 volt (r.m.s.) is applied across the
terminals. of the condenser at the resonant frequency of the
circuit. Find the yalues of the currents in the condenser,
in the inductance, and in the supply circuit.

(C. & G., Final, 1928.)

3. The anode current of a valve generator contains a funda-
mental component of frequency 500 ke. per sec. and amplitude
10 mA. The anode circuit consists of a coil of 500 #H. induct-
ance and decrement 2 per cent, shunted by a condenser.
Calculate the value of the current in this tuned oscillatory
circuit. ' (I.E.E., May, 1930.)

4. A compound impedance consists of three parallel branches.
The first branch is.-an inductance of 1 mH., the second is an
inductance of 1 mH. in series with a capacitance of 1 000 uuF.,
and the third is a capacitance C. Find the value of C in order
that the whole may be in stopper-circuit resonance to a fre-
quency of 80 kilocycles per sec. (I.E.E., Nov., 1932.)

5. One branch of a parallel circuit consists of an inductance
of 80 mH having a resistance of 6 ohms, and the other branch
consists of a condenser of capacitance 2-0 uF. and negligible
resistance. What is the impedance of the circuit at the
resonance frequency and at frequencies 5 per cent greater
than and 5 per cent less than the resonance frequency?

(I.E.E., May, 1935.)

6. A parallel circuit consists of two arms, one containing
resistance and inductance in series, the other containing
capacitance. The impedance across the circuit at resonant
frequency is measured. The three elements are then placed
in series and the impedance at resonant frequency again
measured. The impedance in the first case was found to be
inuch higher than in the second case. Explain these facts by
the aid of vector diagrams. If the values of the two impedances
were 10 000 ohms and 100 ohms respectively, calculate the
ratio of the inductance and capacitance. (C. & G., 2, 1939.)

7. The oscillatory circuit of a wavemeter consists of a
variable condenser of capacitance C in series with a coil of
inductance L and resistance R. Explain why at a given fre-
quency the setting of the condenser for resonance is not the
same when employing a voltage-detector as it is when employ-
ing a current-detector. If L = 400 microhenries and R = 90
ohms, determine the capacitance values required to give current
and voltage resonance at a frequency of 0-25 Mc/s.

(I.E.E., May, 1940.)
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7. RESONANCE CURVES AND
DECREMENT
The decrement 6 of an L, C, R circuit is given by
0 = R/2fL = nR|wL = mRwC = mwR+/(C[L)
= 7 (power factor of coil)

In a resonance curve, let I = current at resonant
frequency f. Let the current be I[k, at two frequencies f,
and f, on either side of f.

Then the decrement

7 (fi-J.
o = 1_ﬂ< lf })
where m = 4/(k?-1).

Ifk = /2, m =1, and we have § = w('fl;[’>

h
If C is varied instead of f, 6 =- E<(’1 —(L2>

5)

-

EXAMPLES 7

1. Explain, giving experimental details, how to obtain the
resonance curve of an oscillatory circuit with a natural fre-
quency of about a million. Show how to obtain the decay
factor or logarithmic decrement of the circuit from the curve.

. (L.U., 19286.)

2. What is meant by resonance and resonance curves in
wireless circuits? How wou!d you proceed experimentally to
draw a simple resonance curve? C. & G., 1, 1927.)

3. Give details of an experimental method of drawing the
resonance curve of an oscillatory cirguit with a natural fre-
quency of about a million cycles per sec. Show how to find the
decay factor of the circuit from the curve.

(C. & G., Final, 1927.)

4. Give an account of an experimental method of drawing
the resonance curve of an oscillatory circuit with a natural
frequency of about a million cycles per sec. Show how to
find the decay factor of the circuit from the curve.

(1.E.E., Oct., 1927.)
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5. The resonance curve, cunnecting current and frequency,
is plotted for a simple inductance, resistance, capacitance
circuit. Prove that the decrement of the circuit is 7 times the
fractional width of the resonance curve at 1/ 1/2 of its maximum
height. (I.E.E., Nov., 1929.)

6. If a resonant circuit of natural frequency f, has induced
in it a constant e.m.f. of varying frequency, there will be
found two frequencies f, and f, above and below f, at which
the current in the circuit is half the value of the current at f,.
Show that

i X fo=f? and f, - f, = (\/3)R/27'¢L
(C. & G., Final, 1930.)

7. A simple L, €, R circuit is acted on by an e.m.f. of con-
stant amplitude but varying frequency. Show that the power
factor of the circuit is equal to the fractional width of the
resonance curve measured at 1/ /2 of its maximum height.

‘ (L.E.E., Nov., 1932.)

8. A tuned circuit consists of a condenser of 1000 uuF.
capacitance, and a coil of 0-3 mH. inductance and 40 ohms
resistance. If f, is the frequency of resonance, compute and
plot on squared paper the resonance curve between 0-9 f, and
1-1f,, What is the band width in cycles at half the peak
response? (C. & @G., Inter., 1935.)

9. Derive an expression for the width of response of a
resonant circuit at 1f 4/2 of the amplitude at resonance, under
a constant applied e.m.f. in terms of the equivalent decrement
of the circuit. (C. & G., I'inal, 1936.)

10. In order to measure the resistance of a coil of negligible
self-capacitance it is connected in series with a thermomilliam-
meter of 9 ohms heater resistance across a variable condenser.
The circuit is then weakly coupled to a high-frequency source
of 1 megacycle per second. When the condenser is tuned to
resonance, a current of 10 mA. flows in the circuit. The con-
denser is then adjusted above and below the resonance fre-
quency, until the current is 7-07 mA. The values of the con-
denser to give this current are 450 and 650 micromicrofarads
respectively. What is the resistance of the coil?

(C. & G., Inter., 1937.)

11. A coil of unknown resistance and inductance is con-
nected in parallel with a low-loss variable air condenser, and
the circuit so formed is made resonant at a frequency of
1 Mc/s by adjusting the condenser to a capacitance value
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of 200 micromicrofarads. It is found that the circuit current
falls to 1f4/2 of the value at resonance on changing the
capacitance to 198 micromicrofarads. Calculate the inductance,
resistance, and power factor of the coil at the frequency in
question. (I.E.E., Nov., 1940.)

8. MUTUAL INDUCTANCE AND
COUPLED CIRCUITS
REFERENCES. Telegraphy and Telephony, by Mallet (Chap-
man & Hall); Wireless, by Turner (Cambridge Univ. Press);
Princinles of Radio Engineering, by Glasgow; Radio Kngineer-
ing, by Terman.

The e.m.f. induced in a circuit which is coupled by a
mutual inductance M to another circuit in which a varying
current flows is given by

e = M(difdt)or E = wMI
or vectorially E = joMI

If two inductances, L, and L,, having a mutual inductance
M, are connected together, their joint inductance will be

(a) In series aiding L+ Ly +2M
(b) In series opposing L, + L, — 2M
AR S
L+ Ly-2M

_ M2
(d) In parallel opposing z%iz—_ﬂl—z—ﬂ

(c) In parallel aiding

Mutual Inductance Coupling: (Fig. 1)
Coefficient of coupling k = M/[+/(L,L,)
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Equivalent resistance R = R, + Ry(wM[Z,)*'

Equi‘valent reactance X = X, - X,(wM[Z,)*

o
‘I. Ly Lo J—
Cl Cz
Ry R2

(F1a. 1)
Internal Inductance Coupling: (Fig. 2)
k= L
VUL + L) (L + L))
ici i
C
Ly ' , 2 Lg
Ry R2
' (F1a. 2)
External Inductance Coupling: (Fig. 3)
k= Lle
(L + L) (L + Ly)
L
L - Ly
Ry -[‘cl -Fbg Rz
(FiG. 3)
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Internal Capacitance Coupling: (IFig. 4)

k= 0102 ]
(C+C)(EC+C)

L Ry /.2 Rz

[T
L A

External Capacitance Coupling: (Fig. 5)
C
T VICH+G)(C+ Gy

¢
]

L Lz
R =C’ L R2

k

(Frc. 5)

Secondary Current with Mutual Inductance Coupling

The secondary current at resonance in a pair of tuned
inductively-coupled circuits is

E
L= i (R Ry 3?%)}
This is a maximum at critical coupling, i.e. when
w?M? = RR, -
or k= 1/@,Q, P

The maximum current = Ef20wM = E[24/(R,R,;). The
corresponding primary current = E[2R,.
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If k> 1/1/(Q,Q,), there are two peaks of secondary
current ; if the circuit resistances are each equal to R, each
peak has a height I = E[2R.

The frequency width between the peaks is
Jo = IVIE — (1)) — (1/Q:)}]

where f is the resonant frequency of each circuit.
If B, = R, the peak separation becomes

fo = fv (2 —1/Q%)

and the two peak frequencies are
AU+ V(R — 1/Q%)}

The width of the résonance curve at the trough is f, = f, V2.
If the circuit resistances are negligibly small, the peak
frequencies are approximately f/v/1 -i- k. ’
These frequencies also represent the frequencies of free
oscillations in two coupled circuits, as in a spark transmitter.

EXAMPLES 8

1. An oscillatory circuit consists of a coil of inductance
3 500 microhenries and resistance 12 ohms, and a condenser
of capacitance 900 micromicrofarads and resistance 1 ohm.
Coupled with the coil of this circuit, with a mutual inductance
of 100 miecrohenries, is a second coil through which is passed
a current of 1 ampere at such a frequency as to make the cur-
rent in the oscillatory circuit a maximum. Find the value of
the current in the oscillatory ¢ircuit. (C & G., Final, 1926.)
2. Two circuits. each consisting of an inductance of 0-005
henry and a condenser of 0-003 microfarad, are coupled to-
gether by a condenser of 0-1 microfarad which forms a branch
common to the two circuits. What is the coefficient of coupling?
(I.E.E., Oct., 1926.)
3. The resonance curve of a spark transmitter is found to
have two peaks, one at 590 metres and the other at 620 metres.
Calculate the coefficient of coupling between the primary and
secondary circuits. (I.E.E., Oct., 1926.)
4, Two tuned oscillatory circuits are coupled by mutual

2—(T.35)
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inductance. Show that with sufficient coupling two current
maxima will appear in the secondary, as the frequency of the
e.m.f. in the primary is varied, and find an expression for the
frequencies at which the maxima occur.
(C. & G., Final, 19217.)
5. Define mutual inductance. If an e.m.f. of 1 volt is in-
duced in one coil by an alternating current of 5 milliamperes,
frequency 500 000, in another coil, what is the mutual induc-
tance between the two coils? (I.E.E., Oct., 1927.)

6. Two circuits have a mutual inductance of 100 micro-
henries. What voltage will be induced in one circuit by a
current in the other of 10 milliamperes (r.m.s.) at a frequency
of 100 000 cycles? (C. & G., 1, 1928.)

7. Two tuned circuits, each corsisting of a condenser of
0-001 microfarad and an inductance of 1 500 microhenries, are
coupled together by means of a third inductance of 200 micro-
henries common to both circuits. If free oscillations are set
up in the circuits by some means, at what frequencies would
they occur? (C. & G., Final, 1929.)

8. Two circuits tuned to a frequency of 318 000 and each
having a decay factor of 10 000 and an inductance of 400 pH.
are coupled together by a mutual inductance of 10 pH. An
e.m.f. of 1 volt is induced in the first circuit. Draw a curve
showing the current in the second circuit as the frequency of
the e.m.f. is varied from 2 per cent below to 2 per cent above
the resonant frequency of the circuits. (L.U., 1931.)

9. Two coils have inductances of 250 yH. and 100 uH.
respectively. They are placed so that their mutual inductance
is 50 yH. What will be their joint inductance (a) in series
aiding, (b) in series opposing, (¢) in parallel aiding, (d) in
parallel opposing? (C. & (., Final, 1931.)

10. A high frequency ammeter is coupled to an oscillatory
circuit by means of an air cored transformer. The primary
winding carries 100 amperes at 10° cycles per sec. The second-
ary circuit has a total inductance of 20 #H. and a mutual
inductance with the primary of 1 uH. If the resistance of the
secondary circuit including the meter is 4 ohms, what current
will flow through the meter? (C. & d., Final, 1931.)

11. A circuit of inductance L, and resistance R, is coupled
by mutual inductance M to a coil of inductance L, and resist-
ance R,. Derive an expression for the apparent input imped-
ance of this coil. (I.E.E., May, 1931.)

12. Two tuned circuits are coupled together magnetically
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The inductance, resistance, and capacitance of the two circuits
are in order—

1st circuit: 500 pH., 25 ohms, 800 pulF.
2nd circuit: 800 uH., 40 ohms, 500 uuF.

]
The mutual inductance is 90 uH. An e.m.f. of 1 volt of varying
frequency is induced in the first circuit. Draw a curve showing
the current amplitude in the second as the frequency is varied
through resonance. (L.U., 1932.)

13. Two_circuits, each consisting of an inductance of 160
microhenries, a resistance of 10 ohms, and a condenser of 0-001
microfarad, are coupled by a mutual inductance between the
inductances of 2 microhenries. If an e.m.f. of 100 volts r.m.s.
at 400 000 cycles per sec. is applied in series with one circuit,
what will be the currents in the circuits?

(C. & G., Final, 1932.)

14. Two coils, one of 800 uH. and 200 ohms and the other
of 200 4H. and 40 ohms, are coupled by a mutual inductance
of 150 uH. A p.d. of 10 volts, frequency 79 600 cycles per sec.,
is established across the first. Find the current in the second
when a condenser of 1000 uuF. is connected across its terminals.

(I.E.E., May, 1934.)

15. The effective resistance of a coil at an w value of 108 is
increased by 96 ohms when the coil is coupled by mutual
inductance with a resonant circuit having a resistance of
15 ohms. Find the value of the mutual inductance, proving
any formula used. (I.E.E., Nov., 1934.)

16. Two circuits each consisting of an inductance of 1 mH.,
a resistance of 100 ohms, and a condenser of 0-001 uF., are
coupled by a mutual inductance between the coils of 10 pH.
At what frequency will an e.m.f. of 1 volt in one of the circuits
produce maximum current in the other? What will be the
value of the currents in each circuit?
(C. & d., Inder., 1935.)
17. Define mutual inductance. A glass tube. 3 cm. in
diameter, is formed into a ring of 20 cm. diameter, and is
wound uniformly with 1200 turns of wire. A second coil of
500 turns is wound closely on the first. Find the mutual
inductance between the two coils, in microhenries.
(I.E.E., Nov., 1935.)

18. A long solenoid of cross-sectional area 16 sq. cm. has
a winding of 10 turns per cm. length. At the middle of the
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solenoid is a secondary coil of 250 turns. What current, at a
frequency of 1 000 cyc) s per second, must flow in the solenoid
in order that a p.d. of 0-5 volt may appear at the secondary
terminals? (I.E.E., May, 1936.)
~19. Two circuits, each consisting of an inductance of
2 millihenrieg, a resistance of 200 ohms, and a condenser of
0-002 microfarads, are coupled by a mutual inductance of
10 microhenries. At what frequency will an e.m.f. of 1 volt
in one of the circuits produce maximum current in the other?
What will be the values of the current in each circuit?
(I.E.E., Nov., 19306.)
20. Why are coupled circuits used in radio receivers? What
is the advantage of variable coupling in a receiver? Indicate
with diagrams two methods of providing variable coupling
in a receiver. What is meant by the term ‘‘coefficient of
coupling” ? (C. & (., Prelim., 1937.)
21. A circuit consisting of a condenser of 0-001 microfarad
capacitance and an inductance of 500 microhenries is coupled
magnetically with a second consisting of a condenser of 0-0005
microfarad capacitance and an inductance of 1000 micro-
henries. The mutual inductance between the coils is 100
microhenries and the resistances of the primnary and secondary
coils are 15 ohms and 35 ohms respectively. What is the
effective series impedance of the primary circuit at a frequency
of 200 kc. per second? (C. & G., Inter., 1937.)
22. T'wo coils, each having an inductance of 200 ull. and
a resistance of 15 ohms, are tuned to a frequency of 400 ke/s.
They are coupled by a mutual inductance of 8 uH. to form a
band-pass filter. Calculate (a) the value of the critical coupling ;
(b) the frequency separation of the secondary current peaks;
(c) the width of the secondary current curve at the trough.
23. Two inductively-coupled circuits comprise resistance,
capacitance, and inductance in serics, in both the primary
and the secondary circuits. Deduce a formula for the effective
resistance and the effective impedance of the primary. If the
values of resistance, capacitance, and inductance in the
primary and secondary circuits, respectively, are 20 ohms,
0:005 uF., 300 xH.; 10 ohms, 0-:001 uF., 100 #H., the mutual
inductance is 20 uH. and the frequency is 1 Mc/s, find the
effective impedance as measured across the primary terminals.
(C. &. G, 3, 1938.)
24. Two circuits, each havmg a resistance of 20 ohms,
an inductance of 500 yH. and a capacitance of 1000 uuF.,
are coupled together magnetically, the mutual inductance
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being 20 pH. An e.m.f. of 10 volts of varying frequency is
injected from an external source into one circuit. Find the
current in the second circuit when the frequency is above the
natural frequency of each circuit and is adjusted to give the
maximum current response in the second circuit.
(L.U., 1939.)
25. Bach of two circuits 4 and B consists of a coil and a
variable condenser. Kach coil has an inductance of 1500 uH.
and a resistance of 30 ohms, and the two circuits have a mutual
inductance of 100 uH. Circuit 4 is tuned to 750/2» ke/s with
B on open circuit, and circuit B is tuned to 810f2x ke/s with
A on open circuit. Calculate the current in B when an e.m.f.
of 2 volts, having a frequency of 780/27 kc/s, is induced in
circuit 4. (L.U., 1940.)

9. DAMPED OSCILLATIONS

REFERENCES. Admiralty Handbook of Wireless Telegraphy ;
Telegraphy and Telephony, by Mallett.

The number of oscillations occurring in an oscillatory
circuit before the amplitude is reduced to 1 per cent of the
initial value is given by

N =1 4 4605/
where § is the decrement of the circuit.
8 = R[2fL = nRjwL = nRwC = wR+/(C[L)

The natural frequency of the circuit is given by

w® = (1/LC) — (R*}+4L?)

A circuit in which.R is equal to or greater than 24/(L/C)
is aperiodic or non-oscillatory. '

' EXAMPLES 9

1. When does shock excitation occur in practice, and what
are the results in a single circuit havipg inductance, capacity,
and resistance in series? Find the number of free oscillations
which occur in such a circuit before the amplitude is reduced
to 1 per cent of its initial value. (L.U., 1925.)

2. A direct current is flowing in an inductance across which
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a condenser is connected. Explain what happens when the
source of supply of the current is suddenly disconnected.
(C. & @G., 1, 1926.)

3. A resonance circuit has the following constants: capaci-
tance 0-003 microfarad, inductance 0-001 henry and resistance
10 ohms. The condenser is charged and allowed to discharge
through the circuit. Calculate the number of oscillations
which occur up to the point when the amplitude is reduced to
10 per cent of the initial amplitude. (I.E.E., Oct., 1926.)

4. What is meant by logarithmic decrement? What is the
expression for the logarithmic decrement of a simple resonant
circuit consisting of inductance L, capacitance C, and resis-
tance R? If such a circuit has a logarithmic decrement of
0-115, how many cycles would occur after the circuit was
initially excited before the amplitude of oscillations was
reduced to 1 per cent of the initial value?

(C. & G., Final, 1930.)

5. A condenser of 0-01 microfarad is charged to a d.c.
potential and connected across an inductance of 1 000 micro-
henries having a resistance of 15 ohms. What time will elapse
after connection before the amplitude of the oscillatory cur-
rent has decreased to 1 per cent of its initial amplitude?

(C. & G., Final, 1932.)

6. A condenser of 0-005 microfarad is charged and connected
across an inductance of 2 millihenries having a resistance of
10 chms. How many complete oscillations will occur before
the amplitude of the oscillating current has decreased to 1
per cent of its initial amplitude? (I.E.E., May, 1933.)

7. A condenser of. capacity 350 micromicrofarads is charged
and then connected across a coil of inductance 10-! henries
and resistance 2-5 ohms. Determine (i) the logarithmic decre-
ment of the oscillation in the circuit, (ii) the time taken for the
oscillation to fall to 1 per cent of its initial value and the
number of oscillations during that time, (iii) the resistance
which when connected in series with the circuit is just sufficient
to damp out the oscillation. Assume that the radiation resist-
ance of the circuit is negligible. (L.U., 1934.)

8. What is meant by a damped oscillation? How are such
oscillations produced? Why is the use of damped oscillations
for radio-communication purposes declining?

- (C. & G., Prelim., 1936.)

9. A circuit consists of resistance, capacitance, and in-
ductance in series. Either

(«¢) Write down the formula for the natural frequency of
the circuit. If the resistance were negligible, the resonant
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frequency would be 1/27 ke/s: If the inductance is 10 mH.,
what is the value of the resistance when the circuit is about to
pass from a non-oscillatory to an oscillatory condition? or

(b) Deduce the formula for the natural frequency of the
circuit. (C. & G., 3, 1940.)

10. SPARK TRANSMITTERS

The power input to the transmitter is given by

. NCV? .
P= m kilowatts

where N = spark train frequency,

C = capacitance of primary condenser in micro-
farads,

V = charging voltage.

EXAMPLES 10

1. Describe the synchronous spark system and explain why
it is desirable to tune the low frequency portioan of the circuit.
(I.E.E., Oct., 19286.)
2. Explain the action in the oscillatory circuit of a spark
transmitter. Show how to find the energy stored in the con-
densers, and hence the average power consumption in the
circuit. (C. & G., 1, 1927.)
3. Describe and explain the action of a synchronous spark
system ot wireless telegraph transmission.-
(I.E.E., Oct., 1921.)
4. Draw a circuit diagram of a rotary spark transmitter of
about 1} kW. input, assuming that a d.c. supply is available.
Indicate the usual switches, fuses, and transmitting key.
(C. &£4G., 1, 1928.)
5. A spark transmitter has a transformer whose secondary
winding is centre tapped. It is desired to modify this trans-
mitter to a tonic train or interrupted continuous wave valve
transmitter having the same note frequency as the original
spark. Draw a diagram showing the essential components
and circuits necessary to effect this. (C. & QG., 1, 1929.)
8. Describe, with sketches, three types of spark gap used
on spark transmitters and state the advantages and dis-
advantages of each type. (C. & G@., 1, 1930.)
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7. Describe the constructionn and action of a quenched
spark gap. Give a description and wiring diagram of a } kW.
quenched spark transmitter suitable for marine use, to work
from a 24-volt battery. (C. & 4., 1, 1931.)

8. Give a diagram and description of a spark transmitter
of about 1} kW. input. What determiues the power input
to a spark transmitter? Show how it is possible to change
the wavelength of such a transmitter without changing the
power iriput. (C. &£dG.,1,1932.)

9. In a spark transmitter the plimary condenser has a
capacitance of 0-016 microfarad and is charged from an alterna-
tor through a transformer having a step-up ratio of 100. If
the inductance of the alternator is 0-05 henry and the fre-
quency of the alternator is 50 cycles per sec., what additional
inductance should be added to the low-tension circuit to pro-
duce resonance? (C. &G\, 1, 1933,

10. In a spark transmitter, what is the effect on the emitted
waves of increasing the coupling between the primary circuit
and the acrial? What is the difference in this respect between
a quenched spark and an unquenched spark transmitter?

(C. & @G., 1, 1933.)

11. A synchronous spark transmitter has a primary con-
denser of 0-1 microfarad capacitance and is charged from a
transformer delivering 10 000 volts r.m.s. at 500 cycles per sec.”
If the charging circuit is tuned to resonance and one spark
occurs every half cycle, what is the input power of the trans-
mitter? (I.E.E., May, 1933.)

12. The primary circuit of a spark transmitter consists of an
inductance of 1 yH. and a condenser of 0-025 uI*. If the con-
denser is charged to 20 000 V. peak value when the spark
occurs, what will be the maximum instantaneous value of
current which flows through the inductance, neglecting any
losses in the circuit? What will be the frequency of the oscilla-
tion? (C. & G., Prelim., 1934.)

13. Describe with a diagram the construction and working
of a } kW. spark transmitter suitable for marine use. What
are the advantages of spark sets over I.C.W. sets for marine
emergency purposes? ‘ (C. & G., Prelim., 1934.)

14. In a spark transmitter the closed circuit condenser has
a capacitance of 0:16 microfarad. The high tension power
transformer has a step-up ratio of 1 to 30. What inductance
will be required in the primary circuit for low frequency
tuning, if the frequency of the supply is 200 cycles per second ?

(C. & G., Prelim., 1937.)
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11. HIGH FREQUENCY ALTERNATORS

EXAMPLES 11

1. Describe the construction of one type of high frequency
alternator, and state the advantages and disadvantages of
this as compared with a valve transmitter.

(C. & G., Final, 1928.)

2. Describe, with sketches, the construction and principle
of operation of an alternator suitable for the generation of
currents of 500 periods per sec. What factors determine the
frequency generated by such a machine? (C. & G., 1, 1931.)

3. Describe with sketches any type of radio frequency alter-
nator in use at the present time. How is the frequency main-
tained constant? What is the degree of constancy attained
in practice? What are the approximate upper limits of
frequency of such machines and what imposes this limit?
What are the advantages and disadvantages of alternators
as compared with valve transmitters?

(C. & G., Final, 1931.)

4. Describe with sketches (a) a rotating armature type
alternator, (b) an inductor type alternator, suitable for a
frequency of 500 cycles per sec. If the shaft of the machine
rotates at 3 000 r.p.m., how many poles are necessary in each
machine? (C. & G., Prelim., 1934.)

5. Describe, with a diagram, the construction of one type
of- high frequency alternator used for radio transmission.
What methods of keying are adopted with such machines?

(C. & G., Inter., 1935.)

12. RECTIFICATION

REFERENCES. Wireless, by Turner; Radio Fréquency Meas-
uremenls, by Moullin; Telegraphy and Telephony, by Mallett.

If a rectifier has a characteristic of the form ¢ = f(v) and
if K i8 the r.m.s. value of the applied p.d., then the rectified
current is given to a first approximation by
_B

o —

1 2 dv?
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EXAMPLES 12

1. Two oscillating e.m.f.’s, a sin pt¢ and b sin ¢f, are applied
to the grid of a rectifier valve with a curved characteristic.
Deduce an expression for the rectified output.

(I.E.E., Oct., 1926.)

2. What is meant by rectification? Give instances of its

use in transmitting circuits and in receiving circuits.
(C. & G., 1, 1927.)

3. The relation between the current I through any rectifying
device and the p.d. V between its terminals is given by the
equation I =aV + bV?
Show that if an alternating voltage of any wave form and
r.m.s. value F is applied to the rectifier, then a steady current
J will low of value J = bE?3. . (I.E.E., Nov., 1929.)

4. What is the action of a crystal detector when used on a
receiving set? Draw a typical characteristic curve of a
crystal. Why is a polarizing potential sometimes necessary
with-a crystal detector? Give a diagram showing how such a
potential is applied. (C. £G.,1,1930.)

5. The relation between grid current and grid potential of
a certain valve may be represented by a cubic equation.
Derive a formula for the rectified current which would be por-
duced by the application of a small alternating voltage between
grid and filament. (I.E.E., May, 1930.)

8. A rectifier with a parabolic characteristic has applied to
it a high frequency p.d. which is modulated simultaneously
with two frequencies f; and f,. Show that the rectified current
contains terms of frequency f,, fy 2fi, 2fs (fy + f2), and
(f: = f3). Show also that the relative strength of these spurious
tones depends on the depth of modulation.

(I.E.E., May, 1931.)

7. What are meant by damped waves, continuous waves,
and interrupted continuous waves? Why is a detector neces-
sary in order to obtain audible indication in a telephone of
high frequency oscillations? Is a simple detector sufficient in
order to obtain audible indications of continuous waves? If
not, state what additional apparatus is necessary and the
reasons for its use. C. &£4@G., 1, 1932.)

8. Explain the action of a crystal detector. Why is high
frequency amplification, before detection, of particular advan-
tage in the reception of weak signals?

(C. & @G., Prelim., 1936.)
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13. VALVES AND THEIK
CHARACTERISTICS
Valve Constants :
Fig. 6 represents portions of the mutual characteristics
of a three-electrode valve for two anode voltages ¥ and v.

Anode Current
Milliamperes.

: Grid Volts.
Fic. 6

The anode a.c. resistance p = (V - v)/BC kilohms
The mutual conductance ¢ = BCJAB mA. per volt
The amplification factor u = (V - v)/AB

It follows that u=gp

Dariving a Mutual Characteristic from an Anode
Characteristic

Let 04, Fig. 7, represent the anode current-anode voltage
characteristic for a fixed grid voltage v. The same curve
may be made to represent the anode current—grid voltage
curve for a fixed anode voltage V if the amplification factor

is known and is assumed to be constant.

Let the value V on the anode voltage scale be marked »
to form one point on a new scale of grid voltage. The
remainder of the latter scale may be completed by letting
one unit along the axis represent 1/u of that represented



36 ‘ PROBLEMS IN RADIO ENGINEERING

on the anode voltage scale, numbers on the right being made
more positive and those to the left- more negative.

L]
1
' A
|
)
)
1w ]
N !
Q !
< 1
N 1
N |
S )
Q
b '
Q
S |
< t
|
|
1
0 4 Anode Voltage
v Grid Voitage

Fie. 7

If the curve OA had been drawn originally for zero grid
volts, then a vertical erccted at V, as shown dotted, would
represent the zero ordinate on the required mutual charac-
teristic.

Voltage Amplification
The voltage amplification given across a non-inductive
tesistance R in the anode circuit of a valve is

HlB[(R + p)]
EXAMPLES 13

1. Explain the difference’ between the static and dynamic
characteristics of a triode valve in the case of (a) a resistance
load in the anode circuit, and (b) a reactive load.

(I.E.E., Oct., 1928.)

2. Explain carefully how the characteristic curves of a
three-electrode thermionic valve can be obtained experi-
mentally, and show how to derive from the curves the con-
stants used in calculating the behaviour of the valve in various
circuits. (L.U., 1926.)
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3. Draw, giving approximate scales, a family of character-
istic curves of a small three-electrode valve. Show how, from
the curves, to find the values of two constants of the valve
which will enable an estimate of its amplifying properties to
be made. Derive an expression for the voltage amplification
given across a non-inductive resistance in the anode circuit.

(C. & G., Final, 1927.)

4. Draw typical chumctenstxc curves for a three-electrode
valve as follows—

(a) Grid voltage, anode current curves with constant
filament ¢urrent and various anode potentials.

(b) Grid voltage, grid current curve with constant fila-
ment current and constant anode potential.

(¢) Grid voltage, anode current curves with different
filament currents but constant anode potential.

(C. & G., 1, 1930.)

5. Describe the action of a three-electrode thermionic
valve. How is it used («¢) as an amplifier, (b) as a detector?
What is meant by amplification factor, a.c. impedance, and
mutual conductance? (C. &£dG., 1, 1931.)

6. Explain why the anode current of a thermionic valve may
‘be limited by the filament current and also by the presence of
a space charge. How would you measure the amplification
factor of a small recciving valve and of a high-power high-
voltage transmitting valve? (I.E.E., May, 1931.)

7. Describe, with sketches, the construction and mounting
of a copper anode power valve for use in a transmitting
station. (I.E.E., Nov., 1931.)

8. The relation between anode current and anode potential
of a triode valve, in which the grid potential was zero, is given
in the following table—

Anode potential,in V.. .| 50 | 100 | 150 | 200 | 250 | 300 | 350
Anode current, in mA. 1o | 35 | 65 | 93 | 101 | 102 | 102

The amplification factor of the valve was 7:0. Derive the
characteristic relating anode current and grid potential for
a constant anode potential of 150 V.

(I.E.E., Nov., 1931, and Nov., 1932.)

9. The following readings were taken on a three-electrode
valve. Plot the characteristic grid voltage anode current
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curves, and determine the internal impedance at zero grid
voltage, the amplification factor, and mutual conductance.

Grid voltage . ] 0 !—2’-4’-6‘-—8’—12'-14'—16 -18

Anode current in mA.
fA) with 180 V. H.T. { 15 / 13 / 11 { 9 / _7 / .3 l 1.'5/0'7 0-2
B) with 100 V. H.T. .} 10 8 6 4 2 104 0-1 —_ —_
(C. & @G., 1, 1932.)
10. Describe the purpose and advantages of a screen-grid
valve and of a pentode. Describe the physical principles of
the action of the first, and sketch a common arrangement for
the electrodes. (I.E.E., May, 1932.)
11. What materials are used for the cathodes of small
thermionic valves? Describe the formation of a space charge
and explain’ why this modifies the distribution of electric
field between the electrodes. Explain what is meant by second-
ary emission from an anode, and show how this may be
produced. (I.E.E., May, 1932.)
12. In a certain triode it was found that a current of 5 mA.
was obtained when the anode and grid potentials had the
following values—

v, . .| 500 | 310 |
vy . .| -s2 | -1z2s |

139 0 8 o 8 | 35 | 10
35 | 95 | 135 | 165 | 28

Plot the curve relating V; and V, for this anode current, and
deduce the amplification factor of the valve. Discuss why this
factor becomes smaller when the grid is very positive.
(I.E.E., May, 1932.)
13. Describe, with a diagram, the method that you would
adopt and the apparatus that you would use to determine
the grid voltage anode current characteristic curves of a three-
electrode valve. (C. & G., 1, 1933.)
14. Describe with characteristic curves the action of a
screen grid valve when used as a high frequency amplifier.
What advantages, if any, does this valve possess over a three-
electrode valve? (I.E.E., May, 1933.)
15. What is a pentode? Describe the action of a pentode
and the functions of the various electrodes when used as an
audio frequency amplifier. (I.E.E., May, 1933.)
16. What factors determine the electron emission from the
filament of a thermionic valve? What materials are normally
ased for the filaments of present-day valves?
(I.E.E., Nov., 1938.),
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17. Draw typical examples of the following characteristic
curves—
(a) The anode voltage anode current curves of a diode
for different filament currents. .
(b) The anode current grid voltage curves of a triode for
different values of anode voltage. (C.& G., Prelim., 1934.)

18. What is a pentode? Explain the functions performed
by the various electrodes. Give a typical anode current grid
voltage characteristic for a pentode.

(C. & G., Inter., 1934.)

19. Draw in section a cooled anode three-electrode trans-
mitting valve and explain how the connection between the
metal anode and the glass portion is effected. What materials
are used for the ‘anodes of such valves and what fluids are

used for cooling? : (C. & G., Inter., 1934.)
20. Write a short account of the use of various forms of
diode in modern wireless circuits. (I.E.E., Nov., 1934.)

. The following values of anode current were obtained
w1th a triode—

Anode voltage . . 25 50 75 100 | Volts

Anode current with grid
voltage = 0 . . 0-4 2-8 6 85 mA.

Anode current with grid
voltage = - 42 . . 0 0-6 3-0 57 mA.

Anode current with g'nd
voltage = - 8:3 . 0 0 1-0 29 mA.

Plot the anode current-anode voltage characteristic curves.
If a battery of 150 volts and a resistance of 15 000 ohms are
connected in series with the anode and cathode, what will be
the anode current at the above three values of grid voltage?

(C. & G., Prelim., 1935.)

22. What is a screened grid valve? Describe the functions
of the various electrodes. Draw a typical anode current-anode
voltage characteristic curve for a screened grid valve and
comment on the shape. What is a variable “mu” valve and
how does it differ in construction and performance from the
normal type? (C. & G., Inter., 1935.)
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23. The mains supply to two valves is at 400 volts. Between
the mains and the anode of the first valve is a resistance of
10 000 ohms, and between the anode of the first valve and
the anode of the second valve is a resistance of 5 000 ohms.
The first valve takes a current of 12mA. and the second a
current of 10 mA. Find the effective resistance of each valve.

(I.E.E., May, 1935.)

24. Write an account of the development and uses of multi-
electrode valves. (I.E.E., May, 1935.)

25. A three-electrode valve has the following static char-
acteristics—

Grid voltage . g+ 25 0 - 25| -5 |—765| — 10

Anode current in mA.,
with 120 volts h.t. .| 7 6-35 | 54 445 | 35 2:65

Anode current in mA.,
with 80 volts h.t. .| 475 | 3-8 285 | 19 1 0-

(5]

Plot the characteristic grid voltage-anode current curves, and
determine the internal impedance at zero grid voltage, the
a.mphﬁcatxon factor and the mutual conductance.
_/ (C. & G., Prelim., 1936. )

26. A triode valve has a cha.ra.cterlsuc given by I,
0-002(F, + 10E,)?, where [, is in mA. and £, and E, are in
volts. I’lot the chara,ctenstlc curves for an anode volt,a,ge of
160, between values of F, of + 4 and — 16. What is the
mutual eonductance of the valve at zero grid potential with
the above anode voltage? (C. & @G., Prelim., 19317.)

27. A high-mu triode valve has the fullowing cha.racteristics
(sec table, page 41). Plot the characteristics, with the anode
voltages as abscisse and the anode currents as ordinates for
the given values of grid potentials. If an external resistance
is inserted in the anode circuit, what will be the anode
currents with an anode voltage of 250 volts and grid voltages
of — 20, — 1-6, — 1:0, — 0-5 and 0 when the external resist-
ance is (a) 100 000 ohms, () 500 000 ohms?

(C. & G., Inter., 1937.)
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‘;’:)'l‘ffg‘; Anodo Current in mA. at Following Grid Potentials
~30 | —25|—20|—15|—10|—05| 0

60 | 0 0o '|o 0 008 | 04 | 09
80 | 0 0 0 001 | 019 | 059 | 116
100 | 0 0 0 006 | 030 | 079 | 145
120 | 0 0 0 012 | 049 | 102 | 176
140 | 0 0 003 | 024 | 068 | 128 | —
160 | 0 0 010 | 040 | 092 | 152 | —
180 | ©0 003 | 018 | 0-58 | 116 | — | —
200 | 0 008 | 030 | 080 | 141 | — | —
220 | 002 |. 014 | 048 | 103 | — | — | —
240 | 005 | 024 | 068 | 180 | — | — | —

28. What is the meaning and significance of the mutual
conductance of a threc-clectrode thermionic valve? If the
valve has an amplification factor of 30 and an impedance of
20 000 ohms, what is its mutual conductance?

(C. & G., 1, 1940.)

29. The anode resistance of a triode is 1 000 ohms and its
amplification factor is 6; a resistance of 1200 ohms is con-
nected in its anode circuit. Determine the value of the a.c.
voltage to be applied in the grid circuit in order to ensure an
a.c. power supply of 3 watts to the load resistance.

(I.E.E., Nov., 1940.)

14. THE VALVE AS RECTIFIER

REFERENCES. WWireless, by Turner; Radio Engineering, by
Termans; Modern Radio Communicalion, by Reyner (Pitman);
Thermionic Valves in Modern Radio Receivers,by Witts (Pitman .
Grid Rectification

The output voltage across the anode resistance R is

E? d% R, uBR
2 "det’ 1+ R,(dil/de) R+ p
where E is the r.m s. signal voltage, e and ¢ the instantaneous

grid voltage and grid current respectively, R, the grid leak,
u the amplification factor, and p the anode a.c. resistance.




42 PROBLEMS IN RADIO ENGINEERING

~ If r is the effective resistance of the valve and leuk in
parallel and C the capacitance of the grid condenser, then
the p.d. V applied to the grid is

r

E. V[t + 1fw?C?)

Anode Rectification
The output voltage across the anode resistance R, if the
signal voltage E is applied in tbe grid circuit is
E* d4 R
2 "de,2 " 1 + R(difde,)
where i is the instantaneous anode current and ¢, and e, the
instantaneous grid and anode voltages respectively.
If the signal voltage E is applied in the anode circuit,
the output signal becomes
pwE: dw R
2 “del?’ 1+ R(difde,)

The rectified current, ignoring the anode resistance, is

2 2y
=T o
If the mutual characteristic is a parabola,
t=a(b + ¢;)?
and I = (EY2).2a =ak?

EXAMPLES 14

1. Draw diagrams showing two arrangements for using a
three-electrode thermionic valve as a dectector for wireless
signals. Explain the action of each. (L.U., 1925.)

2. Describe the anode bend and grid leak methods of rectifi-
cation, and discuss their relative merits with weak and strong
signals as regards rectified current strength and selectivity.

(C. & G., Final, 1926.)

3. Explain in detail the actions taking place when a three-
electrode valve is used as a detector employing grid rectifica-
tion. (I1.E.E., Oct., 19217.)
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4. Explain the action of a thermionic three-electrode valve
as a rectifier for receiving purposes. Give typical character-
istic curves of grid and anode current for such a valve.

(C. & G., 1, 1928.)

5. In a valve receiver it is observed that when signals are
being received the anode current of the detector valve decreases.
In another receiver the anode current of the detector valve
increases when signals are received. Explain the reasons for
this difference if neither detector uses a grid leak.

(C. & aG.,1,1929.)

6. Explain how the signal current varies with the incoming
voltage when the anode-bend rectifying valve has squarc law
characteristics. In what manner does the relation obtained
affect the design of a wireless receiving apparatus?

(L.U., 1929.)

7. A small receiving valve is being used as a cumulative grid
rectifier. Why will a small positive bias for the grid usually
be required if the valve has a dull filament, and usually not
be required if it has a bright filament? To what fundamental
cause do you ascribe this difference ? (I.E.E., Nov., 1929.)

8. A voltage at 100 kc. per sec. is applied to a cumulative
grid rectifier in which the effective resistance of valve and leak
in parallel is 01 megohm. Find what the capacitance of the
condenser must be in order that the p.d. applied to the grid
shall be 90 per cent of the applied voltage.

X (I.E.E., May, 1931.)

9. A valve rectifier which functions by curvature of the
anode-current/grid-potential characteristic has in the anode
circuit a resistance R which is shunted by a large capacitance.
A small sinoidal voltage is applied between grid and filament.
Derive an expression for the steady change of voltage across
the resistance R. The relation between anode current and grid
potential is parabolic. (I.E.E., May, 1931.)

10. The relation between anode current and grid potential
of a certain valve, in which the anode was maintained at a
potential of 80 V., is given in the following table—

V,(V.).‘ 10| 8 |86 14 2 0 | -

-4 | -8 ‘-8 -10{-12
i(mA.)l5'63 488 | 413 {3:38 | 263 | 1-88 | 1-

08 o-zzlo-oz 0o

[

A sinoidal voltage of r.m.s. value 85 V. is applied between the
grid and a point whose potential is 2 V. negative to the fllament.
Plot the curve of anode current during a whole cycle of applied
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voltage, and calculate the mean rectified current by finding the
areas of the positive and negative half-cycles of current.
(I.E.E., Nov., 1931.)
11. Describe the two usual methods of using a three-electrode
valve for the rectification of Wu‘eless signals, and discuss their
relative advantages. (L.U., 1932.)
12. Explain the action of an anode-bend valve recbxﬁe If
the static characteristic of the valve follows a square law, and
the anode current is 8:0 mA. with zero grid volts and 2:0 mA.
with — 5 grid volts, what rectified carrent will be obtained with
an alternating grid potential of 1-5 volts (r.m.s.)?
(L.U., 1933.)
13. Describe three methods in which a thermionic valve can
be used for detection. Explain the action of the valve in each
case. (C. & G., Prelim., 1934.)
14. Explain how a three-electrode valve having a square-
law characteristic is used in the reception of wireless signals.
If the anode current at a certain anode voltage is given in
milliamperes by the expression I, = 01 (6 + V)%, find the
rectified current given by a signal which establishes across
grid and filament a potential difference of 2 volts r.m.s.
(I.E.E., Nov., 1934.)
15. Explain the use of diodes and three-electrode valves in
rectification. Give reasons for the employment of a diode for

rectification in modern broadcast receiving scts
(I.E.E., May, 1935.)

15. THE VALVE AS AMPLIFIER

REFERENCES. Wireless, by Turner; Admirally Handbook of
Wireless Telegraphy; Telegraphy and Telephony, by Mallett;
Radio Engineering, by Terman; Principles of Radio Engineer-
ing, by Glasgow; Thermionic Valves in Modern Radio Receivers,
by Witts.

Voltage Amplification
GeNERAL. The voltage amplification factor m is given by
= ulZ] (p + 2)]
where 1 and p are the amplification factor and the a.c.
resistance of the valve respectively, and Z is the impedance

_in the anode circuit expressed as a vector. This equation
is a vector equation.
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(a) Resistance coupling.
m = p.(Rl(p + R)]
If the resistance R is shunted by a capacitance C,
R
™= P Vllp F R + 0*C% R
(b) Choke coupling.

m f——t .-—_.L__._-..
o TV ety
If the choke has a resistance R,

B R? + L2
e [(R + ;»F‘J;z&‘fa]

{¢) Tuned anode. At resonance,
L
"R + pCR

..
1+ pCRIL
At frequency o, it K <€ wl,

—
™= VAU + pCRILE + [(pleonlD) (@]eon - ogfe) 1}
- uL o
" VL + pCRP + [pC(wL - 1wC)
nL

~ VL + pORF + [ploford - Tw) B
where w, is the resonant pulsatance.

(d) Transformer coupling. Assuming an ideal transformer
with unity coupling factor and the secondary load a pure

non-inductive resistance R,
m = u[RT|(R + pT*)

where 7' is the step-up ratio of the transformer.
This has a maximum value m = uT[2 when

T = /(R/p)
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- If the secondary load is assumed to be infinite
ey LVE L 0P
VIUE + pF + L7
where R and L are the resistance and inductance respectively
of the primary.

In a radio frequency amplifier with infinite secondary
impedance

oV oM
Vip+ L)) 7 VI + (wly)?]
where k is the coupling factor and L, and L, are the induct-

ances of the primary and secondary respectively and M
their mutual inductance.

m

Power Amplification

For maximum power output the load resistance R in the
anode circuit is given by R = p, where p is the anode a.c.
resistance of the valve.

If the load resistance R is coupled to the anode circuit
by a transformer, then for maximum output

R = p[T?
where T is the ratio of the primary to the secondary turns
or T = +/(p/R)

The turns ratio of an output transformer is given
approximately by 7T = +/(R,/Z,)
where Z, = impedance of speech coil at 400 c/s
R, = optimum load of the output valve.
For triodes, R, usually lies between 2p and 3p.
For pentodes, R, usually lies between p/4 and pf10.
With two output valves in parallel,
optimwn load = R,[2.
With two output valves in push-pull. -
' optimum load = 2R,.
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Negative Feed-back

If 4 = voltage amplification factor of amplifier,
B = fraction of output voltage fed back in series
opposition with input,
Resultant amplification = A/(1 + f4)

=1/p if fA>1.
The Decibel
If one power P, exceeds another power P, by D decibels,
then | D =10 log (P,/P,)

Similarly, the relationship between two voltages or two
currents may be expressed in decibels if these quantities
operate in equal impedances. Thus,

D = 20 log (V,[V,)
D = 20 log (I,[1,).

The Cathode Follower

If the valve has constants u, p, g and the cathode resist-
*ance is R, the voltage amplification factor of the stage is

m = uf{p + 1+ (p/R)}

The output impedance

The a.c. resistance to h.t. fluctuations is
R,=p+R(up+1)

KEXAMPLES 15-

1. A triode, employed as a cathode follower, has an gmpli-
fication factor of 40 and a mutual conductance of 4 . per
volt; the cathode resistance is 10 kilohms. Calculate (a) the
voltage amplification of the stage; (b) the output impedance;
(c) the anode a.c. impedance of the stage to voltage ﬁuctuatlons
between anode and h.t. negative.

2. What is meant by the tuned anode method of high
frequency amplification? If the coil has an inductance of
400 microhenries and resistance 10 ohms, the condenser a
capacitance of 500 micromicrofarads and resistance 1 ohm,
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what at resonance will be the voltage available from a signal
voltage of 0-1 between the grid and filament of the valve, if
the latter has an amplification factor of 12 and an internal
resistance of 30 000 ohms? (C. & @G., Final, 1926.)

3. The slope of the anode-current grid-potential curve of a
three-electrode valve is 1-05 milliamperes per volt, and the
slope of the anode-current anode-potential curve is 0-40
milliampere per volt. What voltage amplification will the
valve give across an anode resistance'of 15 000 ohms? Prove
any formula used. (I.E.E., Oct., 1921.)

4. A valve amplifier consists of a valve having an internal
anode circuit impedance of 30 000 ohms and an amplification
factor of 25. An external impedance is placed in the anode
circuit. What is the amplification obtainable with this arrange-
ment if this impedance consists of—

(1) A resistance of 30 000 ohms.

(2) A coil of 5 millihenries and 25 ohms resistance shunted
by a condenser of 0-001 microfarad, the amplifier in this
case being operated at the resonant frequency of this
dircuit ? (C. & G., Final, 1929.)

J5. A valve having an amplification factor of 7 and an anode
slope resistance of 7 000 ohms is to be used as a low frequency
amplifier. The anode circuit transformer has a transformation
ratio of 3, and its low resistance winding has an inductance of
10 henries. Calculate the magnification for voltages of fre-
quency 100 and 400 cycles per sec. (I.E.E., Nov., 1929.)

6. Explain how valves may be used to amplify high
frequency voltages, paying particular attention to the various
methods that are available for avoiding reaction.

(L.U., 1930.)

7. Explain and describe some neutralizing methods of
producing stability in valve amplifiers. (I.E.E., May, 1930.)

8. A triode valve has an internal resistance of 20 000 ohms
and an amplification factor of 14. A non-inductive resistance
of 50,000 ohms is connected between anode and filament.
Calcujate the p.d. across this resistance when a p.d. of 1 volt
is applied between grid and filament. Explain and justify
all the steps of your calculation. (I.E.E., May, 1930.)

9. A gramophone pick-up gives 0-5 volt. Give an outline
design of an amplifying circuit suitable for delivering 10 watts
‘to a loud-speaker having an impedance of 1 000 ohms. Include
details of the valves used. (L.U., 1931.)

10. In a two-stage amplifier the first valve has an amplifica-
tion factor of 20 with a plate impedance of 25 000 ohms and a
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tuned anode circuit, inductance of 4 000 xH. and resistance of
100 ohms, tuned by a variable condenser. The second valve
has an amplification factor of 6, a plate impedance of 10 000
ohms, and an output impedance consisting of a choke of
10 000 pH. inductance. What will be the voltage amplification
of the amplifier at a frequency of 100 ke¢.?
(C. & G., Final, 1931.).
11. What are the causes of instability in radio frequency
amplifiers? How are these troubles overcome in practice?
Give a circuit diagram of the radio frequency circuits of a
receiver having two radio frequency amplifier stages.
(C. & G., Final, 1931.)
12. In’any valve amplifier of very large magnification there
is a background noise which originates within the apparatus.
Describe some probable causes of the origin of this noise and
any means of reducing it. (I.E.E., May, 1931.)
13. A valve has an anode slope resistance of 20 000 ohms
and an amplification factor of 10. There is a non-inductive
resistance of 100 000 ohms, shunted by a capacitance of
100 puF. in the anode circuit. Calculate the magnification
for voltages of frequency 100 kc. per sec.
(I.E.E., May, 1931.)
14. A valve has an anode slope resistance of 30 000 ohms
and an amplification factor of 16, and is to be used as a tuned-
anode high frequency amplifier for a frequency of 100 ke. per
sec. The coil in the anode circuit has an inductance of 2 mH.
and a resistance of 10 ohms. Find the tuning capacitance with
which this coil must be shunted and the magnification at
100 ke. per sec. If the circuit is left unaltered, what would be
the magnification at 200 kc. persec.? ([.E.E., May, 1931.)
15. Estimnate the improvement in transmission to be
obtained from a two-valve, two-wire repeater having the
following constants—

Amplification factor of valve = 9-0
Internal resistance of valve = 22 000 ohms
Impedance of line = 85Q ohms
Step-up ratio of input transformer = 30

The transformers may be assumed to be ideal and properly
designed. (L.U., 1932.)
16. Explain the action of the three-electrode valve when
used as an amplifier. In a particular case, with a load resis-
tance of 8 000 ohms the voltage amplification was 56 and with
12 000 ohms it was 6-5. What amplification at a frequency
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of 800 cycles per sec. would be expected, using a choke coil
of 10 H. inductance? (L.U., 1932.)
17. In an audio frequency amplifier the valve has an ampli-
fication factor of 40 and an internal impedance of 40 000 ohms.
It is coupled to a succeeding stage by a transformer of 1 to
3-5 ratio having a primary inductance of 40 henries and a
primary resistance of 500 ohms. The secondary load is of
infinite impedance. What will be the amplification for fre-
quencies of 40, 100, 1 000, and 10 000 cycles per sec. if the
primary of the transformer resonates at 10 000 cycles?
(C. & G., Final, 1932.)
18. Describe the construction of an iron-cored transformer
suitable for use in an audio frequency amplifier. The output
valve in a receiver is coupled to a loud-speaker through a
transformer. The impedance of the loud-speaker is 15 ohms,
and it is desired that the primary winding of the transformer
should present a load of 7 500 ohms to the valve. What should
be the winding ratio of the transformer? (C. & G., 1, 1932.)
19. Discuss the advantage of a ‘‘ push-pull” arrangement of
valves in an amplifier, and draw a circuit diagram of a simple
broadcasting receiver in which such an amplifier is used.
(I.E.E., May, 1932.)
20. The relation betwecen anode current and grid potential
for a certain triode in which the anode was fed through a
non-inductive resistance of 100 000 ohms is given in the
following table—

Grid potential, V.| - 12 —10|-8 -6 —4I-2 0 2 4 8 8
Anode current,
mA. .

.1 005 {0105/ 0-20-305{0:75] 10 125|145 1-52 | 1-55

If the grid has a negative bias of 4 volts, find the amplification
for an applied p.d. of 025 volt (r.m.s.), and plot the complete
cycles of anode current which will result from an applied p.d.
of 6-7 volts (r.m.s.). (I.E.E., May, 1932.)
21. A valve has an anode #lope resistance of 20 000 ohms
and an amplification factor of 18. It is used as a low frequency
amplifier and the anode impedance is an inductance of 2
henries. Calculate the magnification when the input voltage
has a frequency of 4 kilocycles per sec. (I.E.E., Nov., 1932.)
22. What factors determine the condition for maximum
power output from a valve amplifier working at a given
frequency? The tuned anode circuit of a three-electrode
valve used as an amplifier consists of a coil having an induc-
tance of 160 microhenries and a resistance of 8 ohms in parallel
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with a condenser of capacity 0-001 microfarad. If the plate
of the valve is connected to the electrical mid-point of
the coil, determine the internal resistance of the valve for
maximum power output. Assume that the anode current is
small compared with the ozcillatory current.  (L.U., 1933.)

28. Describe, with circuit diagrams, the principles of action
of choke-coupled, transformer-coupled, and resistance-coupled
audio frequency amplifiers. How do the characteristics of
each type vary with frequency? (C. & @G., 1, 1938.)

24. The intermediate frequency amplifier of a superhetero-
dyne receiver consists of three stages with tuned anode
coupling adjusted to a mid-band frequency of 100 kilocycles
per sec. Each valve has an amplification factor of 100 and an
internal impedance of 100 000 ohms. The anode circuit in-
ductance is 5 millihenries with a resistance of 30 ohms. What
is the gain of the amplifier in decibels between the grid circuit
of the first valve and the anode circuit of the third valve at a
frequency (a) of 100 kilocycles per sec., and (b) of 90 kilo-
cycles per sec.? (I.E.E., May, 1933.)

25. Discuss the various methods used to ensure stability
in high frequency amplifiers, (a) in receiving sets, and (b)
in short-wave transmitters. (I.E.E., May, 1933.)

26. A valve has an a.c. resistance of 25 000 ohms and an
amplification factor of 20. In the anode circuit is connected
a tuned circuit consisting of a coil of 10 millihenries inductance
and 200 ohms resistance in parallel with a condenser of 0-001
microfarad. What will be the voltage amplification of the
combination (a) at the resonant frequency of the anode circuit,
and (b) at 0-9 of the resonant frequency?

(I.E.E., Nov., 1933.)

27. Why is a high frequency amplifier consisting of a triode
with tuned-grid and tuned-anode circuits liable to be unstable?
How can such an amplifier be stabilized?

(I.E.E., Nov., 1933.)

28. Explain the neutrodyne principle, and show how it can
be applied to prevent a valve amplifier from generating local
oscillations as a result of interelectrode capacity. Draw a
diagram of connections for a push-pull neutrodyne amplifier.

(L.U., 1934.)

29. Explain precisely the meaning of the symbols in the
expression
MV
R,+ 2

I, =
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in connection with a valve amplifier, and establish the relation-
ship, stating the assumptions made. (I.E.E., Nov., 1934.)
30. Describe the push-pull method of amplification, and
enumerate and explain its advantages over the single valve
method. (I.E.E., May, 1935.)
31. The voltage amplification given by a three-electrode
valve is 3:65 when the load resistance is 15 000 ohms and 5-10
when the load resistance is 30 000 ohms. Find the amplifica-
tion factor and internal resistance of the valve, proving any
formula used. (I.E.E., May, 1935.)
32. Explain carefully what are meant by the amplification
factor and the internal resistance of a valve. Show that an
equivalent circuit of a valve may be formed consisting of an
e.m.f. equal to the grid voltage multiplied by the amplification
factor, in series with the internal resistance and the load
impedance of the valve. State the conditions which must be
fulfilled for this circuit to be used. (I.E.E., Nov., 1935.)
33. Describe the method of amplification known as quiescent,
push-pull, explaining its advantages and disadvantages.
’ (I.E.E., Nov., 1935.)
34. A three-electrode thermionic valve is to be used as a
high-frequency amplifier, employing a tuned anode impedance
consisting of a condenser and an inductance in parallel. Show
how the voltage amplification obtainable at a given frequency
depends upon the characteristics of the valve and of the
external circuit. A certain three-clectrode valve used as an
amplifier has a mutual conductance of 1 mA. per volt and an
a.c. resistance of 20 000 ohms. The external anode circuit
impedance, which is tuned to a frequency of 1 megacycle per
sec. consists of a coil with an inductance of 0-2 mH. and a
resistance of 5 ohms, in parallel with a condenser having an
insulation resistance of 1 megohm. If a sine wave alternating
e.m.f. of 1-5 volts is impressed on the grid, calculate the
magnitude of the alternating p.d. developed across the anode
impedance. (L.U., 1935.)
35. Give a diagram of a low frequency transformer-coupled
amplifier. What tends to limit the amplification of such an
amplifier (a) at low frequencies, and (b) at high frequencies?
(C. & G., Prelim., 1938.)
38. Describe the action of the three-electrode valve amplifier.
If the voltage amplification obtained with load resistances of
156 000 and 25 000 ohins is 6:5 and 8-:0 respectively, what
amplification will be obtained with a load resistance of 50 000
ohms? Assume linear characteristics. (I.E.E., May, 1936.)
37. Describe the action of the three-electrode valve amplifier.
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A valve has an anode slope resistance of 20.000 ohms and an
amplification factor of 16. It is used as a low frequency
amplifier with an anode load of 2 henries inductance and
negligible resistance. Calculate the magnification when the
input voltage has a frequency of 4 ke. per sec.
(I.E.E., Nov., 1936.)
38. Define (a) the decibel, (b) the neper. A low frequency
amplifier has a gain of 56 decibels. The input cirouit is of
600 ohms resistive impedance and the output is arranged for
a load of 10 ohms. What will be the current in the load when
an alternating potential of 1 volt is applied at the input? A
transmission line has an equivalent of 7 decibels; what is the
equivalent of this in nepers? (C. & G., Inter., 1937.)
39. In an audio-frequency amplifier the valve has an internal
impedance of 30 000 ohms and an amplification factor of 40.
It is coupled to the succeeding stage by a transformer having a
ratio of 1 to 3 and a primary inductance of 30 henries. The
secondary load is a resistance of 500 000 ohms. Neglecting the
internal capacitances of the valve and the self-capacitance,
resistance, and leakage of the transformer, what will be the
amplification for frequencies of 100 and 10 000 cycles per
second ? (C. & G., Final, 1937.)
40. Calculate the current and the voltage-drop in a 600-ohm
resistance in which the power dissipated is (@) 5 decibels above,
and (b) 10 decibels below, 1 mW. Compute the ratios of
voltages and currents when equal powers are dissipated in
600-ohm and 1 200-ohm resistances. (I.E.E., Nov., 1937.)
. 41. A low frequency amplifier’has a gain.of 40 decibels.
The impedance of the input circuit is 600 ohms (resistive) and
the output is arranged for a load of 20 ohms. What will be
the current in the load when an alternating potential of 1 volt
is applied at the input? (I.E.E., Nov., 1938.)
42. Two valves, one with a voltage amplification factor of
40 and the other 20, have an anode a.c. resistance of 100 000
and 20 000 ohms respectively. Which valve will give the
greater voltage amplification with a resistance of 50 000 ohms
in its anode circuit? (I.E.E., May, 1938.)
43. A three-electrode valve obeys the following equation over
its working range: I = 012V, + 0-90V, — 31 where I,
is the anode current in mA., and V; and V, are the anode and
grid potentials, respectively, in volts. Calculate the amplifi-
cation of potential when a resistance of 12 000 ohms is inserted
in the anode circuit. (I.E.E., Nov., 1938.)
44. Give a circuit diagram of a two-stage radio-frequency
voltage amplifier. If 90 per cent of the oscillatory voltage
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developed across the anode circuit of the first valve is applied
across the grid circuit of the second valve, calculate the
effective voltage amplification of the first stage from the
following data: Valve amplification factor = 30, a.c. re-
sistance of valve = 10 000 ohms, effective output impedance
= 45 000 ohms. (C. & a., 2, 1938.)

45. What is meant by the load line of a power valve? A
triode has the following anode characteristics—

Grid Volts = 0 Grid Volts = — 40 | Grid Volts = — 80

Anode | Anode Anode Anode Anode Anode
Volts | Current Volts Current Volts Current

50 12 — | - — —

5 25 175 10 300 7
100 43 200 23 325 17
125 65 225 38 — —

—_— — 250 68 350 28

If the grid bias is — 40, the anode voltage supply 350 volts and
the external load 6 000 ohms, calculate the power output
when the grid swing has an amplitude of 40 volts.
(C. & 4., 2, 1939.)

46. A triode valve gives a voltage amplification of 25
decibels at a frequency of 100 kc/s when the external anode-
circuit impedance consists*of a resistance of 50 000 ohms
shunted by a capacitance of 100 puF. If the valve employed
has an anode a.c. resistance of 14 000 ohms, calculate its
mutual conductance. (I.E.E., Nov., 1939.)

47. A certain pentode has the following characteristics
when operated at a screen voltage of 400 V.—

i Anode Current (mA.)

P.d. between control grid P.d. between anode and
and cathode cathode (volts)
200 300 400 600
— 8 volts . . . 100 110 115 120
- 16 . . . 51 59 683 67
—-24 . . . 19 21 22 23
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Find the amplication factor, the anode impedance and the
mutual conductance of the valve when the grid bias is — 16 V.
and the anode voltage is 400 V. If the peak value of a sinoidal
voltage applied to the grid is 8 volts, calculate the power output
and the second harmonic distortion when the load resistance
is 4 000 ohms. (L.U., 1939.)
48. A triode has an amplification factor of 25 and an
internal resistance (a.c.) of 18 000 ohms. In its anode circuit is
a coil having an inductance of 250 uH. and a resistance of
8 ohms tuned by a parallel condenser to a frequency of 500
kefs. Calculate the voltage amplification at (a) 500 ke/s,
(b) 450 kc/s. (L.U., 1939.)
49. Describe two methods of applying negative feed-back
to an audio-frequency amplifier, and compare their ad-
vantages. (C. & G., 2, 1940.)
50. A single-valve amplifier having an input transformer
with a turns ratio of 1 to 5 and an output transformer whose
ratio is arranged to match impedances and obtain maximum
power gain, is inserted in a long line of which the characteristic
impedance is 600 ohms. If the amplification factor of the valve
is 12 and its a.c. resistance is 8 000 ohms, estimate the gain in
decibels. (I[.E.E., May, 1940.)
51. A loud speaker having an effective resistance of 30 ohms
is to be connected to the secondary of a transformer, the
primary of which is in the anode circuit of a triode having an
anode a.c. resistance of 850 ohms. Determine from first,
principles the most efficient ratio of transformation, assuming
that the speaker has (a) negligible reactance, (b) reactance of
25 ohms. Neglect the magnetizing current and the losses of
the transformer. (L.U., 1940.)
j;EZ. What do you understand by a negative feed-back
amplifier? For what purposes is this type of amplifier em-
ployed, and what are its advantages? If the overall gain of a
feed-back amplifier is 60 db., and the attenuation in the feed-
back path is 61 db. what gain has the amplifier without the
feed-back? (I.E.E., Nov., 1940.)
563. In a low-frequency amplifier, the input voltage is
applied across a 600-ohm resistance in parallel with the
grid and cathode of a triode: the latter has a voltage ampli-
fication factor of 20 and an internal a.c. resistance of 12 000
ohms. In the anode circuit is a 15/1 step-down output trans-
former feeding a resistive load of 60 ohms. Calculate the
overall gain of the amplifier in decibels. (I.E.E., May, 1941.)
54. A triode of voltage amplification factor 30 and internal
resistance 50 000 ohms is to be used as a tuned-anode amplifier
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for speech-modulated signals of carrier frequency 1 Me/s.
The coil in the anode circuit has an inductance of 200 p . and
an effective resistance of 5 ohms. With what capacitance must
this coil be shunted, and what is the voltage amplification at
the carrier frequency and at 1:01 Mc/s? Hence discuss the
effect of the amplifier on a speech-inodulated signal.

(I.E.E., May, 1941.)

16. THE VALVE AS GENERATOR

REFERENCES. Telegraphy and Telephony, by Mallett; Radio
Frequency Measurements, by Moullin; Wireless, by Turncr;
Theory and Design of Valve Oscillators, by Thomas.

Tuned Grid Circuit
Condition for oscillation is.M = RCJg, where M is the
mutual inductance between the anode and grid coils, R and
C the resistance and capacitance of the tuned circuit, and ¢
the mutual conductance of the valve.
The effective resistance is B — gM/C. :
The pulsatance w = 1/4/(LC), where L is the inductance
of the tuned circuit.
Tuned Anode Circuit
Condition for oscillation is gM = CR 4 aL, where
a=1/p.
The effective resistance is R - (1/C)(gM — al).
The pulsatance w = 4/[(1 + aR)/LC] = 1/1/(LC).
The ratio hth harmonic current
fundamental current
Ly
I’
I 0 B
L = R -1 .
where I, is the fundamental anode current and I, its Ahth
harmonic, and § is the decrement of the LCR circuit.
Anode Tap

For maximum power, the fraction to be tapped from the

filament end is
b = +/(CRp|L)

is given by

CRCT in the coil, and

i ¥l

in the condenser,
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The condition for oscillation is
M= 2bL/ U

The optimum inductance is then 1/(Rp)fw and the
optimum capacitance is 1w 1/(Rp).

Dynatron

Condition for oscillation is r = LJCR, where r is the
negative slope resistance of the valve.

The effective resistance is R — L/Cr.

The pulsatance w = ~/|:1 - R/r].

Phase Shift Oscillator
Three-section type
Minimum gain = 29
Pulsatance = 1/CR+/6 (Phase advance)
o = 4/6]JCR (Phase retard)
Four-section type
Minimum gain = 18-4
o = 4/0-7J/CR (Phase advance)
o = 1JCR+/0-7 (Phase retard)

EXAMPLES 16

1. Draw a diagram of connections showing how a three-
electrode thermionic valve may be used to generate high
frequency currents, and explain the action. Upon what
circumstances does the high frequency power that can be
obtained depend? (C. & G., 1, 1926.)

2. Describe how by employing a valve with reaction the
high frequency resistance of an oscillatory circuit may be
reduced. Find an expression connecting the oscillatory
current with the applied potential difference in terms of the
mutual ‘inductance of the reaction and the circuit and valve
constants, and hence find the mutual inductance necessary
for self-oscillations to commence. (C. & @G., Final, 1926.)

3. Explain how high frequency alternating currents may be
produced by means of a three-electrode valve. Discuss the
conditions necessary to be fulfilled in the circuit arrangement
described. (C. & G., Final, 1927.)

4. Explain how a three-electrode valve may be used to

3—(T.35)
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produce high frequency alternating currents. Discuss the
design of the circuit arrangements. (I.E.E., Oct., 1927.)

5. Give sketches showing one arrangement for the main-
tenance of electrical oscillations by a triode valve, and discuss
mathematically the necessary circuit conditions. (L.U., 1929.)

6. A triode generator has an inductance, resistance, capaci-
tance circuit in series with the anode, and this circuit is coupled
to the grid by a mutual inductance. Derive the condition for
the starting of self-oscillation. (I.E.E., Nov., 1929.)

7. Explain briefly the use of the ‘‘anode tap,” or similar
adjustment in a valve generator. A triode has a filament
emission of 2 A. The anode is fed from a supply at 20 kV., but
can dissipate only 2 kW. steadily without overheating. Cal-
culate approximately the greatest high-frequency output
obtainable for brief periods; show that to deliver as much as
half this output continuously, the generator must be arranged
‘to have an efficiency of not less than 72 per cent, reckoned
without regard to the power used in the filament.

(I.E.E., Nov., 1929.)

8. Show that, if an oscillating valve circuit is arranged
so that the maximum power output is obtained, the efficiency
(neglecting the power uged in heating the filament) is only
50 per cent. Explain how the efficiency may be increased, and
state the attendant disadvantages. (L.U., 1930.)

9. Describe, with schematic diagrams, three different
circuits in which a three-electrode valve can be used to
generate oscillations. (C. & G., 1, 1930.)

10. Draw the circuit diagram of a small valve generator,
suitable for laboratory measurements for generating current
of frequency about 30 000 kc. per sec. State approximate
electrical dimensions for the components and also describe
their mechanical comnstruction, giving approximate linear
dimensions. (I.E.E., May, 1930.)

11. Explain the action of a valve oscillator with a tuned-
anode circujt. If the anode circuit has a resonant frequency
of 500 000/2x and a decay factor of 12 500, and if the frequency
of the oscillations produced is 0-1 per cent less than the resonant
frequency of the circuit, the valve employed having an in-
ternal resistance of 10 000 ohms and an amplification factor
of 10, find the mutual inductance between the anode and the
grid' coils necessary for the maintenance of oscillation, on the
assumption that capacitance effects are negligible.

(L.U., 1031.)

12. What factors limit the power output and the high-
frequency current obtainable from a valve generator? Why
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is the current in the oscillatory circuit relatively free from
higher harmonics? (I.E.E., May, 1931.)
13. The grid of a small receiving valve is maintained at a
potential of about 200 V. positive to the filament, and a curve is
plotted connecting anode current and anode potential. Sketch
the form of curve which would be obtained, and explain the
physical mechanism which produces the portion with a negative
slope. Show, with circuit diagrams, how such an arrangement
can be used to produce continuous oscillations in an oscillatory
circuit (Dynatron generator). (I.E.E., Nov., 1931.)
14. Explain the purpose of an ‘““‘anode tap” or similar
adjustment in a valve generator and explain why it is often
essential to operate the valve of a generator at an efficiency
higher than that corresponding to maximum output.
(I.E.E., Nov., 1931.)
15. Find expressions for the condition for maintenance and
for the frequency in a valve oscillator with the tuned circuit
connected to the anode. Show all the voltages and currents
involved in a vector diagram, and indicate how the frequency
of the oscillation departs from the resonance frequency of
the oscillatory circuit. Suggest a method of eliminating this
departure. (L.U., 1932.)
16. Show by means of a diagram how a three-electrode
valve can be used to generate oscillations. Show in the dia-
gram means whereby the direct current anode potentials and
grid bias potentials are excluded from the high-frequency
circuits. C. &£G.,1,1932.)
17. If the anode current of a valve generator is represented
by the equation i = A(sin pt — } cos 2 pt), and if the anode
circuit impedance consists of an inductance of 1 mH., having
a resistance of 5 ochms, joined in parallel with a capacitance
of 4000 puF., find the fractional amplitude of the second
harmonic current in the coil. (I.E.E., May, 1932.)
18. A valve generator was adjusted so that the anode
current, was zero during one half-cycle. During the other
half-cycle its wave-form was a peaky curve which may be
represented by the equation

4

1 = 4(sin pt — 4 sin 3pt) amperes.

The anode potential was approximately v = (10 - 5 sin pf) kV.
The power used in heating the filament was 1 kW. Find the
efficiency of the generator and the power dissipated at the
anode of the valve. Sketch a curve showing a complete cycle
of anode current, anode potential, grid potential, and current
in the anode circuit impedance. (I.E.E., May, 1932,)
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19. If the grid of a valve is made very positive to the anode
it is found that, over a limited range, the anode current
decreases when the anode potential is increased, thus pro-
ducing a negative-resistance device. If an impedance in the
anode circuit consists of an inductance L of resistance R, con-
nected in parallel with a capacitance C, it is found that a
steady alternating current may be produced in the impedance
(Dynatron generator). If the slope resistance of the valve
characteristic is — r ohms, find the relation between L, C, R,
and r, which must exist for oscillations to start, and also find
the frequency of these oscillations. (I.E.E., May, 1932.)

20. Give a diagram and description of any valve circuit
suitable for the generation of high-frequency oscillations having
wavelengths of less than 1 metre. State how these oscillations
can be modulated by audio frequencies.

(I.E.E., Nov., 1933.)

21. Give a diagram of an electron valve oscillator circuit
suitable for the production of oscillations of a wavelength
of the order of 50 cm. How can the wavelength of such oscilla-
tions be determined ? (C. & G., Final, 1934.)

. 22. Explain the operation of a valve oscillator in which a
tuned circuit connected to the anode is coupled by mutual
inductance to a coil connected to the grid. What causes the
frequency of the oscillator to be different from the resonant
frequency of the tuned circuit, and by what circuit adjustments
would this difference be reduced to a minimum?

(I.E.E., May, 1934.)

23. A tuned circuit of L = 500uH., R = 20 ohms and C
= 300uuF., is connected across the grid and filament of a
triode of u = 10 and R; = 50 000. In the anode circuit is a
coil L, = 100uH., coupled with the inductance L by a mutual
inductance of 20uH. Estimate the alteration the presence of
the valve makes in the effective resistance of the tuned circuit.

(I.E.E., May, 1934.)

24. Show that it is possible to obtain sustained oscillations
with any device, the voltage current characteristic of which
has a negative slope. Describe an oscillator based on this
principle. (I.E.E., May, 1934.)

25. A three-electrode valve oscillator with the oscillatory
circuit connected to the anode is required for a wave length of
600 metres. Taking the resistance of the oscillatory circuit
as 30 ohms, and the internal resistance of the valve as 6 000
ohms, find what the values of the inductance and of the
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capacitance should be in order that the valve output may be
a maximum. (I.E.E., May, 1935.)
26. In a valve oscillator with a tuned anode circuit, a mutua.l
inductance between grid coil and anode coil of 740uH.
required to start oscillations when the load is equivalent to a
resistance of 20 ohms in the tuned circuit, but the mutual
inductance must be increased to 980uH. when the equivalent
load resistance is 40 ohms. If the valve has an internal resist-
ance of 20 000 ohms and an amplification factor of 10, find
the inductance and capacitance of the oscillatory circuit.
Prove any formula used. (I.E.E., May, 1936.)
27. Show that the effective resistance of an oscillatory
circuit in the anode circuit of a triode may be either reduced
or increased by back coupling to a grid coil. If the oscillatory
circuit consists of a coil of 200 uH. inductance and 12 ohms
resistance shunted by a condenser of 800 uuF. capacitance,
and if the amplification factor of the valve is 12 and its internal
resistance is 20 000 ohms, what back coupling will be necessary
(1) to reduce the effective resistance to 2 ohms; (2) to cause
oscillations to commence? (L.U., 1938.)
28. The tuned-anode circuit of a radio-frequency oscillator
consists of a condenser of capacitance 600 yuF. in parallel
with a coil of inductance 400 xH. and resistance 6 ohms.
The anode of the valve is connected to a tapping point on the
coil: find the position of the tapping point to give maximum
power output if the a.c. resistance of the valve is 18 000 ohms.
(I.E.E., May, 1940.)
29. If the oscillatory circuit connected to the anode of a
triode consists of a coil of 400 yxH. inductance and 25 ohms
resistance in parallel with a condenser of capacitance 500 uuF.,
and if the amphﬁcatlon factor of the triode is 5-5 and the anode
a.c. resistance is 5 000 ohms, calculate from first, principles the
minimum value of the mutual inductance required with the
grid circuit in order that oscillations may commence.
(L.U., 1940.)
30. Derive the condition for self-oscillation of the magnet-
ically coupled triode oscillator in which the oscillatory circuit
is inserted between grid and filament. In a particular oscillator
the constants of the oscillatory circuit are L = 150 uH.,
C = 250 uuF., R = 15 ohms, while the valve has a voltage
amplification factor of 12 and an internal a.c. resistance of
8000 ohms. Calculate the mutual inductance between the anode
and grid coils for self-oscillation, and the generated. frequency.
What effect would be produced by increasing this mutual
inductance to 10 uIl.? (I.K.E., May, 1941.)
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17. HETERODYNE RECEPTION

EXAMPLES 17

1. What is meant by heterodyne reception in the case of
contjnuous wave wireless telegraphy? Sketch in detail and
explain the action of any arrangements by which a single
three-electrode valve can be used to effect reception of con-
tinuous wave signals. (L.U. 1925.)

2. Explain with a circuit diagram how heterodyne reception
can be carried out with a single valve. Describe what happens
a8 the tuning of the circuit is varied over a range of several
hundred cycles per second about the frequency of the incoming
signal. (C. & G., Final, 1926.)

3. Describe the heterodyne method of receiving continuous
wave wireless signals. Show that if in the detector the rectified
current is proportional to the square of the applied voltage,
while in the remaining instruments the current is proportional
to the voltage, then the current in the telephones is propor-
tional to the signal strength. (I.E.E., Oct., 1927.)

4. Describe the method of heterodyne reception of C.W.
signals. What is the difference between autoheterodyne and
separate heterodyne? Which system is to be preferred?

(C. &£ G., 1, 1928.)

5. Explain fully the theory of the heterodyne reception of
continuous-wave wireless telegraph signals, and describe, with
a ‘circuit diagram, how it is carried out in practice.

(I.E.E., May, 1935.)

18. SUPERHETERODYNE RECEPTION

REFERENCE. The Superheterodyne Receiver, by Witts

(Pitman).
EXAMPLES 18

1. Explain the superheterodyne system of reception, give a
diagram of connections, and explain the advantages and dis-
advantages of the system. (L.U., 1926.)

2. Describe the supersonic heterodyne method of receptiop.
What are important advantages of this method? What is the
most serious disadvantage of the method, and how can it be

overcome? (C. & G., Final, 1930.)
3. Discuss the advantages of the superheterodyne system
of reception. (I.E.E., Nov., 1931.)

4. Describe by means of a schematic diagram the principle
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of a supersonic heterodyne receiver. What.are the advantages
-and disadvantages of this type of receiver? How can the dis-
advantages be overcome? (I.E.E., May, 1933.)

5. What considerations govern the choice of intermediate
frequency for a superheterodyne receiver? What are the
advantages and disadvantages of (a) high intermediate
frequencies, (b) low intermediate frequencies? Mention any
circumstances which may render it desirable to use an inter-
mediate frequency higher than the received frequency.

(I.E.E., Nov., 1933.)

8. Describe the principle of the superheterodyne method of
receiving wireless broadcast signals and discuss its advantages
over other methods of reception. Give an outline circuit
diagram of a typical arrangement. (I.E.E., May, 1934.)

7. Describe the principle of operation of a supersonic hetero-
dyne receiver. Give a circuit diagram suitable for the reception
of C.W. telegraphy or telephony. (C. & G., Inter., 1934.)

8. Explain the superheterodyne method of receivwing
modulated wireless signals. Give a circuit diagram including
approximate details of valve and circuit constants, of a set
suitable for receiving broadcast signals on wavelengths of
200-500 metres. (I.E.E., Nov., 1935.)

9. Explain the principle of operation of a superheterodyne
receiver. What factors influence the choice of frequency for
the intermediate circuit in such receivers? In some cases
superheterodyne receivers are arranged to receive signals on
frequencies above and below the intermediate frequency;
how is this accomplished ? (C. & @., Inter., 1936.)

10. What is meant by the ‘‘superheterodyne’” method of
radio reception, and what are its special merits? Explain the
operation of a hexode frequency-changer for use in a super-
heterodyne receiver. What is an ‘‘image signal,” and how can
it be eliminated ? (I.E.E., Nov., 1940.)

19. MODULATION

REFERENCES. Telegraphy and Telephony, by Mallett;
Wireless, by Turner; Radio Engineering, by Terman; Com-
munication Engineering, by Everitt.

If a carrier wave C sin wt is modulated by an acoustic
wave M sin pt, the modulated carrier may be represented by
(C + M sin pt) sin wt

= C sin wt + (M/2) cos (w — p)t — (M[2) cos (w + p)t

The second and third terms of this expression represent
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the lower and upper sidebands respectively, and contain
frequencies equal to the difference and the sum respectively
of the carrier and modulating frequencies.

Depth of modulation m = M/C.
Percentage modulation = 100M/C.

Anode Choke Modulation
Voltage fluctuation at anode
uwLV,

= oV + LA, + 1/pa)?)
where p, and p, are the anode resistances of the oscillating
valve and control valve respectively; L is the inductance
of the choke; u is the amplification factor of the control
valve, and V, the voltage applied to its grid.
Distortion in the Receiver

If a carrier of frequency f is equally modulated by two
acoustic tones, the higher frequency being N and the lower
n, the ratio in which these two tones are received in a circuit
of decrement 4§ is

1, f20% + 4m2N?
Iy~ J[ﬂéz + 471'277,2]
1 + 4n2N?[f?9?
~/[1 + 441'27;2/]’(5’]
If » is small, say less than 100 cycles,
I/Ix = /11 + (2nN[f6)?]
=+/[1 + (4nLN|R)?]

If a modulated signal (C + M sin pt) sin wt is applied to a
rectifier, the characteristic of which is represented by

1 =a + bv 4+ cv?,
the acoustic output is given by
1 = ¢[CM sin pt — (M?[4) cos 2 pt]

Power
The power transmitted by the carrier oc C2.
The power transmitted by each side band oc (M/[2)2.
The total power transmitted oc C? + M?[2.
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R.M.S. Values .
The r.m.s. value of a modulated carrier is .

VA(C?2) + (M?[4)}
The ratio of the r.m.s. values of the modulated to the
unmodulated carrier is

V(1 + tm?)

EXAMPLES 19

1. What is meant by a ‘“modulated wave”? Describe the
‘“anode choke” method of modulating the high frequency
currents in an aerial by sound waves. (C. & G., Final, 1927.)

2. Describe the choke control method of wireless telephone
transmission, explaining the considerations underlying the
determination of the relative sizes of the valves employed.

(I.E.E., Oct., 19217.)

3. Give a theoretical justification for looking upon a modu-
lated wave in wireless telephony as consisting of a ‘ carrier
wave” and ‘‘side bands.” Explain how good reception is
possible when only one side band is transmitted.

(I.E.E., Oct., 19217.)

4. Give a diagram showing how a valve transmitter can be
modulated by speech currents for telephone transmission, and
explain briefly the action. (C. & G., 1, 1929.)

5. Explain, with wiring diagrams, the method of modulating
a small triode telephone transmitter by (a) grid control,
(b) choke control. Explain, with references to the triode
characteristics, the action of both methods of control.

(I.E.E., Nov., 1929.)

6. What are meant by the terms ‘“modulation” and ‘de-
modulation” of a high-frequency current? Show ‘how each
process may be carried out by the use of valves whose char-
acteristic curves follow a square law. How may distortion of
the original signal be avoided? (L.U., 1930.)

7. Explain, with diagrams, two methods whereby a valve
transmitter can be modulated by speech currents. What is
meant by depth of modulation or percentage modulation?
How can this be measured in an actual radio telephone
transmitter? (C. & G., Final, 1930.)

8. The input circuit of a radio receiver has a logarithmic
decrement of 0-0314 when tuned to a frequency of 800 kc.
The carrier wave of a station working on this frequency is
equally modulated by tones of 50 cycles and b6 000 cycles.
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In what ratio will these two tones be received, assuming that
the remainder of the receiver has a flat response?
(C. & G., Final, 1931.)
9. An acoustically modulated e.m.f. acts on an aerial
tuned to the carrier frequency. Explain why the modulation
ratio of the voltage applied to the detector is less than the
modulation ratio of the signal em.f. A voltage V = E(1 + m
cos ni)cos wt is applied to a rectifier which has a parabolic
characteristic ¢ = c¢V*. Derive an expression for the acoustic
frequency output of the rectifier. (I.E.E., Nov., 1931.)
10. Explain the anode-choke method of producing modu-
lated high-frequency currents. If the amplification factor of
the control valve is 10, the internal resistances of the control
and oscillating valves are 10 000 and 50 000 ohms respectively,
and the inductance of the choke is 10 H., estimate the variation
of the anode potential of the oscillating valve produced by a
sinoidal variation of potential at the grid of the control valve
of amplitude 3 V. and frequency 1 000 cycles per sec.
(L.U., 1932.)
11. Explain, with the help of characteristic curves, why the
output of a simple valve generator depends on the steady
potential of the anode and the grid. Show how this property
may be used to modulate the output of a telephony trans-
mitter, and sketch a simple system whereby this may be
carried out. (I.E.E., May, 1932.)
12. Describe some arrangement for measuring the depth
of modulation of a high-frequency current.
(I.E.E., May, 1932.)
13. A detector valve has a resistance of 150 000 ohms in
the anode circuit, and is used to rectify a voltage whose carrier
frequency is 150 kilocycles per sec., modulated with a fre-
quency of 5 kilocycles per sec. A by-pass condenser is con-
nected across the resistance, and its capacitance is such that
its presence reduces to 5 000 ohms the impedance of the anode
circuit to the carrier frequency. By how much will it reduce
the impedance to the modulation frequency?
(I.E.E., May, 1932.)
14. A straight-line rectifier is operated by a highly selective
receiver, which is acted on by two modulated signals; the
receiver is tuned to the carrier of one modulated signal, but
is appreciably out of tune to the other. Draw and discuss the
envelope of the rectified current, and discuss the result of this
current in an acoustic receiver. (I.E.E., Nov., 1932.)
16. What is meant by the terms ‘low-power modulation”
and “high-power modulation” applied to a radio-telephone
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transmitter? What are the advantages of each type of modu-
lation? State approximately the maximum percentage modu-
lation which can be obtained in practice in each case without
serious loss of quality in the transmission.
(I.E.E., May, 1933.)
16. How can the percentage modulation of a radio-telephone
transmitter be determined (a) at the transmitter, and (b) at
a distant receiving station? (I.E.E., May, 1933.)
17. Explain what is meant by a single side band suppressed
carrier radio-telephone system. Give a schematic diagram of
the apparatus necessary at the transmitter for the production
of this type of emission. Mention any advantages of the
system for long waves and for short waves.
(C. & G., Final, 1934.)
18. Show how a valve having a square-law characteristic
may be used to produce modulated high-frequency currents.
Discuss the nature of the modulated currents and their
reception by a valve of square-law characteristics.
(I.E.E., May, 1934.)
19. Explain what is meant by modulating a carrier wave.
Show that the effects of amplitude modulation is to produce
two side bands of frequeney, one above and the other below
the carrier frequency. Examine the effect on the use of the
system for the transmission of information, of suppressing
one of the side bands. If a wireless transmitter radiates 4 kW.
with an unmodulated carrier wave and 5:-2 kW. when the
carrier wave undergoes a sinoidal variation of ampilitude,
calculate the percentage modulation employed. Assume
negligible distortion. (L.U., 1934.)
20. What is the nature of a modulated high-frequency
voltage? Prove any statement made, and explain how the
signal distortion obtained on rectification by a square-law
rectifier may be avoided. (I.E.E., Nov., 1934.)
21. A high-frequency oscillation of frequency f is modulated
by a frequency p so that the resultant current is represented
by the expression

i = A(1 - B sin 2=pt) sin 2nft.

Resolve this expression into the carrier and two side fre-
quencies. What is meant by percentage modulation, and
what is the percentage modulation in the above case? A
transmitter supplies 10 kW to the aerial when unmodulated ;
what will be its output when modulated. 100 per cent?
(C. & G., Inter., 1935.)
22. Show that a modulated high-frequency current contains
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two additional frequencies for each modulation frequency.
Explain how speech modulation of high-frequency currents
is effected in wireless telephony. (I.E.E., May, 1985.)
23. Show that with single side-band transmission, a square-
law detector receives without distortion. If the anode current
of the detector is given in mA. by I, = 0-5(6 + V,)? find the
signal current when the amplitude of the grid voltage of the
carrier is 2-5 volts and of the side band 1-0 volt.’
(I.E.E., Nov., 1935.)
24. Describe the anode-choke method of producing speech-
modulated wireless signals. Give an outline diagram, including
approximate valve and circuit constants, of a transmitting
circait suitable for broadcasting 10 kW. at 250 metres.
(I.E.E., Nov., 1935.)
25. Describe two methods of modulating a high-frequency
oscillator with speech frequency. A radio telephone trans-
mitter in the unmodulated state has a carrier output of 10 kW.
and can be modulated to a maximum of 80 per cent by single
frequency tone before overloading. To what value can the
carrier power be increased if a limit of 50 per cent modulation
is imposed ? (C. & @G., Inter., 1936.)
26. What is meant by frequensy modulation of a carrier
wave? What are the advantages and disadvantages of this
system compared with amplitude modulation, and why is it
difficult to achieve a satisfactory practical application of the
method? An oscillatory circuit with an inductance of 0-4mH.,
a capacitance of 63uuF. and a resistance of 4 ohms is used
to receive a carrier wave having a frequency modulation of
1-5 ke. per sec. Give a suitable value for the carrier frequency
and estimate the corresponding percentage modulation of the
received current. (L.U., 1936.)
27. A carrier frequency voltage ¢ = A sin wi, is modulated
by a low-frequency voltage, ¢ = B sin pt. The depth of
modulation is M. If the modulator has a square law char-
acteristic, derive an expression for the output from the
modulator in terms of carrier and side-bands.
(C. & G., Inter., 1937.)
28. A sinoidal carrier having a voltage amplitude V is
modulated by a sineidal tone having a voltage amplitude v.
Deduce a formula to give the resulting instantaneous value of
carrier and side-bands. If the ratio of v to V is 0-8, find the
relative power in the carrier and side-bands.
(C. & G., 8, 1939.)
29. An aerial coupled to a valve oscillator radiates a
sinoidal carrier wave, and a modulator is provided so that a
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simple harmonic variation in the amplitude of the wave can
be produced. If the r.m.s. value of the aerial current before
modulation is 12:5 A, and during modulation is 14 A., calculate
the percentage modulation employed assuming no distortion.
(I.E.E., May, 1939.)
30. The r.m.s. value of a radio-frequency voltage before
modulation by a sine-wave audio-frequency voltage is 50 volts,
and after modulation 55 volts. Calculate the :percentage
modulation. (I.E.E., Nov., 1940.)

31. A carrier wave is amplitude modulated at audio fre-
quency. Deduce an expression to show that two side-bands
are produced. What is the relative power in each side-band
and carrier when the modulation coefficient is 0:5?

(C. & G., 3. 1941.)

20. TRANSMITTERS

REFERENCES. Admirally Handbook of Wireless Telegraphy ;
Wireless, by Turner; Modern Radio Communication, by
Reyner.

EXAMPLES 20

1. Draw a circuit diagram explaining how speech modulated,
high-frequency currents for wireless telephony may be pro-
duced in an aerial. (C. &£4G.,1,19286.)

2. What considerations govern the design of a valve oscilla-
tor transmitting circuit for, say, 1 kilowatt output into the
aerial ? (C. & G., Final, 1926.)

3. A 86 kW. valve transmitter is required for a wavelength
of 1500 metres. The antenna capacity is 0-002 microfarad
and the resistance 10 ohms. Work out the value of aerial tuning
inductance and estimate the value of the anode tap, grid
condenser, and grid leak, and the high-frequency choke coil
in the direct current supply. Assume glass valves of 600-watt
dissipation worked at 70 per cent efficiency, and a direct
current supply from rectifiers at 10 000 volts.

' (I.E.E., Oct., 1926.)

4. Describe the essential features in the working of a small
telegraph transmitting station using continuous waves.

(C. & G., 1, 1927.)

5. Give an account of the various ways in which a valve
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generator system may be coupled to an aerial, and discuss their
relative advantages. (C. & G.. Final, 1927.)
8. Describe a method of keying (a) a high-power, long-wave
transiitter, and (b) a short-wave beam transmitter.
(I.E.E., May, 1930.)
7. Give a circuit diagram and brief description of a radio
telephone transmitter. Show clearly how the output is modu-
lated by speech currents. (c. & da., 1, 1931.)

8. (a) State threc different methods used in keying valve
radio telegraph transmitters, mentioning any advantages or
disadvantages.

(b) Give a circuit diagram and a brief description of a
master oscillator controlled valve transmitter, working off an
a.c. supply, which can be used' for radio telephony or radio
telegraphy. (C. & G., Final, 1932.)

9. Draw a wiring diagram for a complete transmitter of
about 100 kW. capacity and medium wavelength. Describe
the purpose of each stage and the method of keying.

(I.E.E., Nov., 1932.)

10. What methods are adopted in practice to prevent the
radiation of radio frequency harmonics by a valve transmitter?

(I.E.E., May, 1933.)

11. Give a circuit diagram and description of a radio-
telephone transmitter having a master oscillator drive.
Explain clearly how the output is modulated by audio
frequency currents. (I.E.E., Nov., 1933.)

12. Give a diagram and description of a 1}-kW. ship’s
interrupted continuous-wave telegraph transmitter with rec-
tifier for high-tension supply from a single-phase alternator.
Show how keying is effected, and how the valve filament supply
is kept constant when keying. (I.E.E., Nov., 1933.)

13. Describe a method of producing inverted speech for
privacy purposes in radio telephony.

(C. & (., Final, 1935.)

14. Describe with sketches the construction of a high-power
cooled-anode valve for a short-wave transmitter. Give a
circuit diagram with a brief description of the output stage
of a radio-telephone transmitter designed to work on short
waves. The output of the transmitter is 20 kW, carrier power,
which is fed to a balanced transmission line of 500 ohms
impedance. If the transmitter is modulated 100 per cent,
what is the maximum peak voltage across the output?

(C. & G., Inter., 1937.)
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21. FREQUENCY CONTROL AND
STABILIZATION

REFERENCES. Wireless, by Turner; Telegraphy and Tele-
phony, by Mallett; Admirally Handbook of Wireless Tele-
graphy; Quartz Oscillators, by Vigoureux.

Quartz Crystals

The following formulae refer to thickness vibrations
only—

X-cut plates:

Frequency f = 2870/t ke/s where ¢ is the thickness of
the plate in mm.

The temperature coefficient is — 21 x 1078 per 1° C.
Y-cut plates :

For thin plates, f = 1960/t ke/s.

The temperature coefficient is + 90 x 107¢ per 1° C.

EXAMPLES 21

1. Describe, with circuit diagrams, the use of a quartz
crystal as a frequency standard and also as a frequency control
for a valve generator. (I.E.E., Now., 1929.)

2. Give diagrams showing how a quartz crystal may be
used to control the frequency of a valve generator. Replace
the quartz by its equivalent network and thereby explain the
action of the system. (I.E.E., May, 1930.)

3. Describe the methods which are used for maintaining a
constant frequency for transmitting stations of (a) moderate
frequency, (b) very high frequency. (I.E.E., May, 1931.)

4. Draw diagrams showing two methods by which a quartz
crystal can be used to control the frequency of a valve genera-
tor and describe suitable mountings for the crystal. Draw
the electrical network which is equivalent to the crystal.

(I.E.E., Nov., 1931.)

5. Explain how quartz-crystal oscillators can be used in
conjunction with a valve to generate high-frequency currents.
Discuss the advantages, difficulties, and applications of such
generators. (L.U., 1932.)

6. Discuss the problem of maintaining constant the fre-
quency of a telephone transmitter of about 30 m. wavelength.
and describe various methods which are used for this purpose,
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How does the frequency shift compare at present with the
necessary width of a telephone channel?
(I.E.E., May, 1932.)
7. Describe, with wiring diagrams, some methods of stabi-
lizing the frequency of a transmitting station of 30 m. wave-
length. What precautions should be used in operation to
maintain the frequency of an unstabilized station?
(I.E.E., Nov., 1932.)
8. Discuss the use and care of crystals as frequency stabi-
lizers and as standards of frequency: give diagrams of one
or more suitable forms of holders for plate and for bar crystals.
(I.E.E., Nov., 1932.)
9. What properties of a quartz crystal enable it to be used
in a valve oscillator? Give a circuit diagram and an explana-
tion of the action of such an oscillator, and explain its advan-
tages and disadvantages compared with other valve oscillators.
(L.U., 1933.)
10. Describe. with a diagram, a valve oscillator circuit having
inherently a high constancy of frequency without mechanical
stabilizing devices, and suitable for the beating oscillator of a
short-wave receiver. (I.E.E., May, 1933.)
11. What are the reasons for the use of piezo electric
crystals for frequency control? What precautions are neces-
sary if the best results are to be obtained? What approxi-
mately are the highest frequencies for which quartz crystals
can be manufactured and used? How can frequencies above
this limit be controlled? (C. & G., Final, 1934.)
12. Describe, with a circuit diagram, the principle of opera-
tion of a frequency changer circuit, using valves, suitable for
yuse in connection with a tuning fork or crystal frequency
control equipment on a radio transmitter.
(C. & G., Final, 1935.)
13. What is the piezo-electric effect? What materials
exhibit the effect? What processes or preparation is necessary
in materials in order to obtain the effect? How is the piezo-
electric effect utilized in equipment for radio transmitting and
reception? (C. & G., Final, 1936.)
14. A quartz crystal oscillator is required for a short-wave
telephony transmitter. Describe the various steps to be taken
in the preparation of the crystal from the initial to the final
stage. What degree of frequency stability would you expect
to obtain? (C. & G., 3, 1940.)
15. Dedcribe how a quartz crystal can be employed to
control the frequency of a triode oscillator. Discuss the
conditions that determine the constancy of the frequency.
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What is meant by X- and ¥Y-cut crystals and what are their
relative merits? (L.U., 1940.)

22. RECEIVERS

REFERENCES. Modern Radio Communication, by Reyner;
Admiralty Handbook of Wireless Telegraphy.

EXAMPLES 22

1. Describe what happens in a simple crystal receiving set
when a continuous wave produces currents in the aerial.

(C. & @G., 1, 19286.)

2. If two valves are available for the reception of broadcast
signals, discuss the various considerations that will decide the
manner in which they should be used.

(C. & G., Final, 1927.)

3. In a selective valve receiver the aerial circuit is loosely
coupled to the first valve. How would you modify this
receiver to make it less selective for search or ‘“stand by”
purposes? Give a diagram of such a receiver having a reacting
detector and two low-frequency valves with necessary change-
over switches. (C. & @G., 1, 1929.)

4. Discuss the principal causes of the imperfections of repro-
duction of music which are likely to occur in a wireless broad-
cast receiver, but omit the acoustic imperfections of the loud
speaker. (I.E.E., Nov., 1929.)

5. Give a circuit diagram of a valve receiver suitable for the
reception of modulated waves between 300 and 500 m., con-
sisting of one stage of high-frequency amplification, detector,
and one stage of low-frequency amplification. Include in the
diagram switch connections for stand-by and selective adjust-
ments whereby the high frequency stage is disconnected and
the aerial connected to the detector valve in the stand-by
position. Indicate clearly the method of rectification employed.

(C. & G., Final, 1930.)

6. Describe a complete receiving circuit for a telephone
service at about 30 m. wavelength. (I.E.E., May, 1930.)

7. Give a circuit diagram and brief description of a radio
receiver suitable for the reception of spark, I.C.W. or C.W.
signals between 500 and 2 500 m. wavelength and possessing
the following features—

Tuned coupled aerial circuit, one high-frequency stage,
detector, one low-frequency stage, separate heterodyne.
(C. & G., 1, 1931.)

8. A receiving aerial has an effective height of 5 m. and is
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acted on by an incident field strength of 3 mV./m. It is tuned
to the incoming signal by means of an inductance, and this
tuned circuit has a decrement of 8 per cent. The p.d. across
this tuning inductance is transferred to the rectifier by means of
a high frequency amplifier whose magnification is 8. Calculate
the voltage applied to the rectifier. (I.E.E., May, 1931.)
9. Make an outline circuit diagram of a broadcast receiving
set containing a screen grid valve, a rectifying valve and a
pentode valve, and a loud-speaker. The wavelength range
required is from 200 to 500 m. Give approximate values of
inductances and condensers and of the voltages and currents
at various points. (L.U., 1932.)
10. Explain the action of a radio receiver when used to
convert radio telephony signals into speech signals. How does
the sharpness of tuning of the receiver affect the quality of the
speech output? (C. & G., 1, 1932.)
11. Describe, with wiring diagrams, a suitable receiver sys-
tem for the reception of telephony at a wavelength of about
15 m. (I.E.E., May, 1932.)
12. Describe, with wiring diagrams, a receiver suitable for
a radio telephone trunk, operating at a wavelength of about
30 m. (I.E.E., Nov., 1932.)
13. Describe, with a diagram, the circuit and action of a
super-regenerative receiver. State the range of wavelength
for which this receiver is most suited, and mention any of its
advantages and disadvantages. (C. & @G., Final, 1933.)
14. Describe a method whereby the audio frequency output
of a broadcast receiver is automatically controlled to compen-
sate for variations in the level of the received signal due to
fading. (I.E.E., Nov., 1933.)
15. What advantage is derived from using a coupled circuit
in a receiver? How is the response of the receiver to incoming
signals modified as the coupling is gradually increased from
‘zero to a maximum ? (C. & G., Prelim., 1934.)
16. Why is retroaction used in some types of receiver?
Indicate by diagrams three ways in which retroaction can
be applied to a receiver and mention any disadvantages
attending its use. (C. & G., Prelim., 1934.)
17. What are the advantages of automatic gain control
when applied to a radio-telephone receiver? How does the
time of operation of the control affect the performance of the
receiver? Give a diagram of a control system suitable for a
high-class broadcast receiver., What can be done to avoid
excessive noise when tuning between stations?
(C. & G., Final, 1934.)
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18. Explain what is meant by diversity reception. Indicate
by means of a circuit diagram how radio-telegraph reception
on this system is carried out in practice.

(C. & G., Final, 1934.)
_19. Why is a detector necessary in order to receive wireless
signals? What apparatus additional to a detector is necessary
for the reception of continuous waves? Describe any method
whereby I.C.W. signals can be audibly received without a
detector. (C. & G., Prelim., 1935.)

20. Describe, with a diagram, the principles of operation
of a super-regenerative type of recéiver. What are the'advan-
tages of this type of receiver, and what is the range of wave
length for which it is best suited? (C. & G., Inter., 1935.)

21. Describe one system of push button tuning of a receiver.

(C. & 4., 2, 1939.)

22. Explain the need and method of application of automatic
gain control in a broadcast receiver. Give some approximate
idea of the output level of such a receiver for varying input
levels. (C. & G., 2, 1940.)

23. Under what circumstances is automatic volume control
desirable in a radio receiver? Describe, with the aid of a
circuit diagram, a method of obtaining delayed automatic
volume control in a superheterodyne receiver. (L.U., 1940.)

24. Describe how the fidelity and selectivity of a broadcast
receiver can be measured. (C. & G., 2, 1941.)

23. SELECTIVITY

If m is the modulation ratio of a carrier wave of frequency
f, and N is the modulating fiequency, the modulation of the

wave received in a resonant LCOR circuit of decrement &
1is reduced to
m

' m
"™ T VI + @nN[joF] ~ VT + GnLN]RY]
The attenuation in respect to the carrier is
10 log {1 + (2mN[f6)?} decibels
= 101log {1 + (4mLN/R)*} decibels

EXAMPLES 23

1. What is meant by the selectivity of a receiving set, and
upon what does it depend? In receiving the waves sent out
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for wireless telephony, why is it necessary that the tuning
should not be too sharp? (C. & G., 1, 1926.)

2. What is meant by the term ‘selectivity’ as applied to
a wireless receiving circuit? Describe, and explain methods
of obtaining good selectivity in a broadcast receiver with-
out seriously impairing the quality of the reproduction. A
simple receiver includes a tuned circuit having the following
constants—

Inductance = 49 X 10-% henries.
Capacity = 1 000 micro-microfarads.
Resistance = 9-8 ohms.

Determine the attenuation of a side band due to a frequency
of 2 000 cycles per sec. (L.U., 1933.)

24. FIELD STRENGTH

Neglecting absorption, the field strength due to a distant
transmitting station is given by

& = 377(hI[Ad) volts per metre
where & = effective height of transmitting aerial in metres,
d = distance in metres,
A = wavelength in metres,
I = aerial current in amperes.

For an imperfectly conducting earth, the field strength
F = &8, where § = ¢ *4/V} represents the attenuation
factor.

If F| and F, are the field strengths and S, and S, are the
attenuation factors corresponding to distances d; and d,
respectively, then

8, = (FyfFy) tltta=a)
and S, = (Fpf F,) dal(ds - dy)
The power radiated from an aerial is given by
W = 1-584A%1%(22 kilowatts,
and hence
F = (3004/ W)[d volts per metre

The magnetic field H in lines per sq. cm. is related to the

electrostatic field strength F in volts per cm. by the equation
F = 300H



PROBLEMS IN RADIO ENGINEERING 71

EXAMPLES 24

1. What is meant by field strength? On what factors does
the field strength of a distant transmitting station depend?
How can the field strength of such a station be measured?
What precautions are necessary in making such measurements ?

’ (C. & G., Final, 1928.)

2. If 100 kW. of energy are radiated from an antenna of
100 m. effective height, on a wavelength of 5 000 m., what
would be the strength of the electric field in microvolts per
metre at a distance of 100 kilometres, assuming that no
absorption effects are present? (C. & G., Final, 1932.)

3. The field strength of a station transmitting on 40 kc/s
is measured at a distance of 50 kilometres and found to be
30 millivolts per metre. At a distance of 200 kilometres the
field is 2 millivolts per metre. What is the attenuation factor
of the wave? (C. & G., Final, 1933.)

4. Explain the nature of the electromagnetic waves pro-
pagated from a vertical aerial. If the electric field strength of a
plane wave is 0-1 volt per metre, what is the magnetic field
strength in lines per sq. cm.? (I.E.E., May, 1934.)

5. Describe any method of measuring the field strength of
a short-wave radio signal. What special features, if any,
distinguish the apparatus from that used for long and medium
wave measurements? (C. & G., Final, 1935.)

6. Explain what is meant by the field strength of an electro-
magnetic wave, and why the field strength produced at a
distant point by a short-wave transmitting station is liable to
undergo considerable variations. Describe any method by
which field strength may be measured at a wavelength of,
say, 50 m. (I.E.E., May, 1941.)

25. AERIAL RESISTANCE AND
EFFICIENCY

REFERENCES. Admirally Handbook of Wireless Telegraphy;
Telegraphy and Telephony, by Mallett.

"The radiation resistance of an aerial is given by
r = 1584 (h?/A%) ohms
= 1-76 X 10-8h%f2 ohms
where h is the effective height expressed in the same units

as A in the first equation and in metres in the second, and
f is the frequency in kilocycles.
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The power radiated is
W = I’
= 1-584 (kI/A)? kilowatts

If H is the actual height, the effective height is h = kH
where k is the aerial form factor. This factor depends upon
the shape of the aerial as indicated approximately in the
following table, where L is the length of the horizontal roof
for .~ aerials and half the total roof for flat top T aerials.

L/H.O\-2‘-5ll 2 5‘10
k | 0-64 |0-74 '0-83 |‘0.9 096 | 0-99 I 10

The radiation constant = hI metre-amperes.
The aerial efficiency = r/R where R is the total aerial
resistance.

EXAMPLES 25

1. Explain the variation of the total effective or equivalent
resistance of an aerial with variation of wavelength, discussing
in detail the causes of the variations of the various component
resistances. (L.U., 1925.)

2. Give sketches showing the polar diagrams of the radiation
in a vertical plane from a short-wave antenna excited on (a)
its fundamental, and (b) its third harmonic. The method of
exciting the antenna should also be shown.

(I.E.E., Oct., 1926.)

3. The current measured at the base of a radio-telegraphic
antenna is 220 amperes. The antenna is of L-form with a
‘‘radiation height” of 160 ft. and the wavelength employed
is 8 000 m. What is the amount of energy radiated?

(I.E.E., Oct., 1928.).

4. What are the various quantities that form the total
‘“aerial resistance”? Draw a curve showing how the various
parts and the total depend upon the wavelength.

(C. & aG., 1, 1927,)

5. Enumerate and explain the various sources of loss in
aerial circuits and discuss their variation with wavelength.
Give a definition of *“effective resistance” and *“radiation
resistance.” (I.E.E., Oct., 19217.)
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6. Explain what are meant by the capacitance, inductance,
and resistance of an aerial, and show how to measure these
quantities. Modification of the earth system of a certain
transmitting aerial caused its resistance to be reduced to one-
quarter of its previous value. It was then found that ‘the
aerial current had to be increased by 10 per cent in order to
produce the same field strength at a distant point. Calculate
the improvement in the efficiency in the aerial.

(I.E.E., Nov., 1929.)

7. Describe, with diagrams, the approxlma,t,e distribution of
current along the length of a vertical aerial when the frequency
of the current corresponds to a wavelength (a) much greater
than, (b) roughly equal to. and (c) less than four times the
length of the aerial. Describe any experiments which have
been made to measure the distributions. Explain the action
and purpose of the phasing coils used in the separate members
of an antenna array for beam transmission.

(I.E.E., Nov., 1929.)

8. An aerial has an effective helght of 100 m. and the cur-
rent at the base is 450 amperes r.m.s. at 40 000 cycles per
sec. What is the power radiated? If the total resistance of
the aerial circuit is 1:12 ohms, what is the efficiency of the
aerial? (C. & G., Final, 1930.)

9. What is meant by the radiation resistance of an aerial?
The radiation resistance R, in ohms, is related to the height 1
in metres and the frequency n in cycles per sec. by the
formula—

16 lzn2

9 10m°

Assuming that this formula is valid for aerials whose height
is one-quarter wavelength, find the radiation resistance of such
an aerial. (I.E.E., Nov., 1931.)

10. The following measurements were taken on an antenna
by adding inductance and measuring the wavelength—

Added inductun(e in micro-
henries

73 | 139|245

Wavelengthin m. . . g 522 i 541 | 573

415
620

66:8 | 89 |109-2f 129
688 | 738 | 782 | 826

Determine by means of a graph the inductance, capacitance,
and natural wavelength of the antenna. If the effective height
of the antenna is 30 m., what power would be radiated on
600 m. with a current of 10 amperes in the base of the antenna?
(C. & G., Final, 1933.)
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11. Deduce an expression for the radiation resistance ex-
pressed in ohms of a vertical aerial in terms of its effective
height and wavelength of the radiation, given the expression
E = (4n1,H [104d)sin 6 for the component of the electric force
in e.m.u. at an angle (90 - 0) from the earth’s surface and dis-
tance d from a vertical aerial of effective height H, carrying a
current I, amperes. Point out any assumptions made and
show how they affect the accuracy of the expression obtained.
A transmitting aerial having an effective height of 200 ft.
takes a current of 50 amperes (r.m.s.) at a frequency of 480 kc.
per sec. Calculate: (1) the radiation resistance of the aerial;
(2) the power radiated; (3) the aerial efficiency for a total
aerial resistance of 50 ohms. (L.U., 1933.)

12. Describe a method whereby the resistance of a large
transmitting antenna can be accurately determined.

(I.E.E., May, 1933.)

13. The aerial at a transmitting station has an effective
height of 150 metres and the current at the base is 700 A. at
16 000 cycles per second. What is the power radiated? If the
capacitance of the aerial is 004 microfarad what is the voltage
across the lead-out insulator? Give a sketch and brief descrip-
tion of a suitable lead-out insulator for such a station,

(C. & G., Final, 1937.)

14. What do you understand by ‘“effective height” and
‘“‘radiation resistance’ of an aerial? If the effective height of
an aerial is 1/100th of the length of the wave emitted, what is its
radiation resistance? (C. & G., 1, 1938.)

15. Explain how and why the efficiency of a wireless aerial
varies with the wavelength of the radiation. If a certain
aerial has a total effective resistance R given by the expression
R = (30f+/2) + (4 X 107%)4 4 8 x 104/4? ohms, where 4 is
the wavelength in metres, calculate the aerial efficiency for a
wavelength of 400 metres. (I.E.E., Nov., 1939.)

16. A receiving aerial has a total resistance of 12 ehms,
when receiving a signal of frequency 500 ke/s. If the effective
height of the aerial is 30 metres, what is its radiation efliciency ?

(C. & G., 2, 1940.)

26. DIRECTIONAL TRANSMISSION AND
RECEPTION
REFERENCES. Woireless, by Turner; Short Wave Wireless
Communication, by Ladner and Stoner (Chapman & Hall);
Admiralty Handbook of Wireless Telegraphy; Principles of
Radio Engineering, by Glasgow.
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In an antenna array with finite spacing the total field in

a direction making an angle 6 with the normal to the
array is

__ 5 8in (Na/2)
F=5 sin (a/2)
where F; = field due to onc aerial
N = number of vertical aerials

o = phase difference between the radiations of
consecutive aerials in the given direction.

Also o = {(2maf) sin 0} + ¢
where a = spacing of the aerials
A = wavelength

¢ = phase difference between the currents in
adjacent aerials.

F vanishes when Nof2 = 7, 27, ete.

If the aerial currents are in phase, ¢ = 0 and the first
zero occurs when
sin § = A/Na.
The angular width of the broadside beam is then 26.

EXAMPLES 26

1. Describe any type of directional antenna array suitable
for short wave transmission or reception and indicate carefully
how it is connected to the feeders. An antenna array consists
of eight vertical aerials in a straight line spaced half a wave
length apart and energized equally in phase. What will be the
angular width of the forward beam in the horizontal plane?

(C. & (., Final, 1935.)

2, State and explain the essential principles underlying
the operation of the aerial array as used for the ‘‘ beam system ”
of wireless communication. Show how the spacing of the com-
ponent conductors of the array affects the shape of the polar
curve of radiation from it, and state the means employed to
obtain propagation of the wave at the best zenithal angle.
Why is the direction of the beam leaving England for New
York practically North-west although the latitude of New
York is about the same as that of Madrid ? (L.U., 1935.)

3. Derive expressions for the polar diagram in the hori-
zontal plane for an antenna array consisting of N elements
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spaced half a wavelength apart in a straight line energized
in phase. Derive a similar expression for the polar diagram of
an array system having elements spaced half a wavelength
and alternate elements phased 180 degrees from the remainder,
in order to secure maximum radiation in the line of elements.
How does the sharpness of directivity compare in the two
cases ? (C. & G., Final, 1987.)

4. An antenna array consists of 10 vertical aerials in a
straight line spaced half a wavelength apart and energized
equally in phase. Deduce the angular width of the forward
beam in the horizontal plane.

5. An antenna array consists of 10 vertical aerials energized
equally in phase. The aerials are spaced 15 metres apart and
transmit signals on a wavelength of 20 metres. What will be
the angular width of the forward beam in the horizontal
plane?

6. A beam array consists of N similar vertical radiators in the
same plane (normal to the direction between the transmitting
and receiving station). The height of all radiators above the
ground is the same and the separation between adjacent
radiators is half a wavelength. Assuming all radiators have
the same resistance, what is the gain in decibels of the array
with reference to a single radiator? What gain would you
expect to obtain from a correctly designed reflector curtain?
If the number of radiators in the array were increased to 2N,
what additional gain would you expect? What does this
suggest regarding the limitations of the gain of an array?

(C. & @G., 2, 1938.)

7. Two similar vertical acrials spaced half a wavelength
apart, their lower ends being the same height from the ground,
are fed in anti-phase, the maximum amplitude of the current
in each radiator being equal. A single vertical comparison
aerial similar in all respects to each of the other two aerials
has the same maximum amplitude of current. Assuming that
there is no interaction between the single acrial and the
combination, compare the ficld strengths due to (a) the
combination of the two acrials, and (b) the single comparison
aerial, at equally large distances in (1) the direction of the line
joining the two aerials, (2) the direction normal to this line,
and (3) in the direction making an angle of 30° to this line.

(C. &£4., 2, 1939.)

8. Two vertical aerial wires carry high-frequency currents
in phase with each other and are separated by a distance of
half a wavelength. Calculate the strength of the radiated
fleld in a direction inclined at (a) 60° to the plane of the wires,
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(b) 30° to the plane of the wires, in terms of the field strength at
right angles to the plane of the wires. (I.E.E., May, 1939.)
9. Two vertical aerials, similar in all respects, are situated
a fraction of a wavelength apart. How would you connect
them to form a directional aerial, and what would be the shape
of the polar diagram of this directional aerial in the horizontal
plane? (C. & @G., 1, 1940.)
10. What is meant by the gain of an array? Explain the
action of a tuned reflector of an array. One broadside array
covers four times the area of another. What would be the
approximate gain in decibels of the larger over the smaller
array ? (C. & G., 2, 1941.)

27. RECEIVING AERIALS

REFERENCES. Modern Radio Communication, by Reyner;
Admirally Handbook of Wireless Telegraphy. ‘

If F is the field strength in volts per metre and 4 the
effective height of the receiving aerial, the received e.m.f.
will be

E = Fh volts
If R is the resistance of the circuit the current is
I = Fr/R

The voltage across the aerial coil is FAZ[R, where Z is its
impedance.

The voltage received in a frame in the plane of propaga-
tion of the wave is

E = 2nFAN|A volts

where A is the frame area in square metres, N its number
of turns, F the field strength in volts per metre, and 4 the
wavelength in metres.

EXAMPLES 27

1. Asmall receiving aerial has a vertical height of 8 m. and a
horizontal roof of length 20 m., a capacitance of 160 uuF., and
an effective resistance of 80 ohms at a frequency of 1 000 kc.
per sec. Estimate the p.d. across the tuning inductance pro-
duced by an incident field strength of 1 mV. per m.

(I.E.E., May, 1980.)
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2., Write a short account of the nature of electromagnetic
waves. Find the voltage induced by a plane wave of field
strength 0-01 volt per metre and wavelength 300 m. in—

(1) A vertical aerial 8 m. high;
(2) A frame aerial 1 m. square of 12 turns, the plane of the
frame being in the plane of propagation of the wave.
(L.U., 1932.)

3. Explain what is meant by the terms (a) apparent induc-
tance, (b) capacitance, (c) resistance, and (d) effective height of
an aerial. The apparent capacitance, inductance, and resis-
tance of an aerial were found to be 250 uuF., 20 uH., and 20
ohms respectively at a wavelength of 300 m. A signal of this
wavelength and of field strength 5 mV. per m. produced a
p.d. of 1 volt across a loading cgil of 5 ohms resistance inserted
between the aerial and earth and adjusted to tune to the signal.
Calculate the effective height of the aerial.

(I.E.E., May, 1932.)
- 4. Outline the process of calculating approximately the
capacitance of a proposed aerial, and describe how to measure
this capacitance when the aerial has been erected. What
capacitance would you expect to find (a) in a large aerial such
as that at Bordeaux or Carnarvon, (b) in a typical aerial for
broadcast reception? (I.E.E., Nov., 1932.)

5. The effective height of a transmitting antenna is 75.m.
and it is energized by a current of 20 amperes at 500 kilocycles
per sec. A receiving antenna distant 20 miles from the trans-
mitter has an effective height of 10 m., a capacitance of 300
micromicrofarads and negligible inductance. It is tuned to
resonance with a series inductance. The total resistance of the
receiving antenna and coil circuit is 10 ohms. What is the
potential across the coil? Ignore the effects of absorption and
assume the inverse-distance law of propagation.

(I.E.E., May, 1933.)

6. A transmitting aerial having an effective height of
120 ft. takes a current of 10 amperes at 1 000 kilocycles. If
a receiving aerial with an effective height of 50 ft. and an
effective resistance of 4 ohms is erected at a distance of
50 miles from the transmitter, estimate the current in the
receiving aerial. State the assumptions made in any formula
employed. Explain the formula and each step in the argu-
ment. What complications, if any, would be introduced into
the calculation if the distance between the transmitting and
receiving aerials were 1 000 miles? (L.U., 1934.)

7. A transmitting station’ has an aerial of 100 metres
effective height carrying 200 A. at 100 000 c.p.s. A.receiving
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station 50 miles distant has an aerial of 10. metres effective
height which is tuned with a series inductance of 10mH., The
.resistance of the receiving aerial circuit is 100 ohms. What
voltage would appear across the inductance coil?

(C. & G., Final, 1936.)

28. FRAME AERIALS
The voltage received in a frame aerial is given approxi-
mately by
E = 2nFANJA) cos 0 volts
where A = frame area in square metres,
F = field strength in volts per metre,
N = number of turns,
A = wavelength in metres,
= angle between the plane of the frame and the
direction of propagation.
This applies to loops of all shapes, provided that the
loop is small compared with a wavelength.
The exact expression is
E = 2FHN sin [(mW[2) cos 6]
where H = height of frame in metres,
W = width of frame in metres.
If the field strength is given in electromagnetic units it

can be transformed to electrostatic units by the relationship
1 gauss (line per 8q. em.) = 300 volts per cm.

The voltage across the tuning capacitance C (micro-
farads) if the circuit resistance is B is, at resonance,

FAN
V= 35_05‘—13 cos 0 volts.

EXAMPLES 28

1. A frame aerial has 20 turns of diameter 6 ft., the resis-
tance of the coil being 2:5 ohms at 3 000 m. wavelength. If a
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signal of this wavelength has a field strength of 30 microvolts
per metre, what current will it produce in the coil when it is
tuned to the signal? (I.E.E., Oct., 1928.)

2. What are the advantages and disadvantages attending
the use of frame aerials for reception purposes? In what way
can a frame aerial be used as a means of determining the
direction of a distant transmitting station?

(C. & G., 1, 1928.)

3. A frame aerial consists of 40 turns; each turn is a square
of 1:5 m. side, and the whole has an inductance of 9 000 micro-
henries. The frame is tuned by a variable condenser. If the
frame aerial has a resistance of 8 ohms, what will be the
voltage across the condenser when the frame and condenser
are tuned to resonance with an incoming field of 20 000 micro-
volts per metre at a wavelength of 5 000 m.?

(C. & G., Final, 1929.)

4. A loop of area 1sq. m. and having 10 turns has its plane
at 45° off the line of bearing of a distant station which produces
an incident magnetic field of strength 10-° lines per sq. cm. at
a wavelength of 1 000 m. Find the e.m.f. induced in the loop.

(I.E.E., May, 1930.)

5 A rect,angu]ar frame 100 cm. long and 50 cm. wide is
mounted on an axis with its plane vertical; it is wound with
20 turns of wire. An incident signal has a magnetic field
strength of 10°8 C.G.S. units and a wavelength of 300 m.
Draw to scale a polar diagram of the e.m.f. induced in the loop
as it is rotated through a complete revolution.

(I.E.E., Nov., 1932.)

6. A small frame aerial is connected across a calibrated
variable condenser. A valve voltmeter is also connected
across the condenser. The frame is placed so that its plane is
inclined at 45° to the direction of a distant transmitting
station sending a continuous dash on 100 000 cycles per
sec. Maximum deflection of the voltmeter is obtained when
the condenser is adjusted to 1000 uuF. The frame is then
turned until its plane is in the direction of the transmitting
station and the condenser adjusted to give &n equal deflection
on the valve voltmeter. The capacitance of the condenser is
then 990 uuF. What is the inductance and resistance of the
frame aerial circuit ? (C. & G., Final, 1933.)

7. A frame aerial consisting of four turns wound on a
square of 1 m. side has an inductance of 60 microhenries. It
is placed with two of its sides vertical and with its plane in
the direction of a transmitting station which gives a fleld of
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10 millivolts per metre at 1 000 kilocycles per sec. If the frame
has a resistance of 1 ohm at this frequency and is tuned by a
variablé condenser of negligible resistance, what will be the
voltage across the condenser? Would the result be affected
if the frame were placed with a diagonal vertical?
(I.E.E., Nov., 1933.)
8. Find an expression for the voltage induced in a frame
aerial by a plane electromagnetic wave, and hence describe
the directional propertics of the frame aerial. Show how the
expression can be simplified if the dimensions of the frame are
small compared with the wavelength of the wave. .
(L.U., 1934.)
- 9. Describe a frame aerial. What are the properties which
distinguish this type of acrial from a vertical type aérial?
(C. & G., Prelim., 1935.)
10. Explain how and why a frame aerial can be used to
indicate the line along which a plane electromagnetic wave is
advancing. A rectangular frame aerial having 10 turns is
150 cms. high and 100 cms. wide. The frame is placed with its
plane vertical and at an angle of 30° with the direction of
propagation of an electromagnetic wave having an electric
field strength of 5 mV. per metre at 300 ke. per sec. Assume
that the inductance of the frame is 500uH., that its resistance
is 1-5 ohms and that the circuit is closed by means of a con-
denser whose capacitance is adjusted for resonance. Calculate
the voltage across the terminals of the condenser, and the
current, through it. (L.U., 19386.)
11. Explain how a frame aerial can be used for direction
finding. A frame aerial consisting of 10 turns, each one metre
square, is situated in a field of 10 mV. per metre and wave-
length 300 metres. Find the maximum voltage that can be
induced in the frame. (I.E.E., May, 1936.)
12. Explain how a frame aerial is used for direction finding.
A frame aerial is set up with its plane in the direction of a
transmitting station. When tuned, a hot wire milliammeter in
the frame circuit indicates 10 mA. If the frame is rotated
through an angle of 45°, what will be the reading on the
milliammeter? (C. & G., Prelim., 19317.)
13. A frame aerial 1 metre high and 1-5 metres wide consists
of 16 turns of wire. The frame has a resistance of 10 ohms
and an inductance of 800 microhenries. It is tuned to an
incoming field of 10 microvolts per metre at a frequency of
300 kc. per second. What will be the voltage across the
terminals of the tuning condenser if the plane of the frame is in
line with the sending station? (C. & G., Inler., 1937.)
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14. A frame aerial 1 metre high and 1 metre wide consists of
20 turns of wire. The frame has a resistance of 12 ohms and an
inductance of 1 mH. It is tuned to an incoming field of
10 uV. per metre at a frequency of 300 kc/s. What will be the
maximum voltage across the terminals of the tuning condenser?

(I.E.E., Nov., 1938.)

15. Find the maximum e.m.f. induced in a frame aerial
2 feet high by 1 foot wide and having 20 turns of wire by a
signal of wavelength 800 metres and electric field strength
3 mV. per metre. Prove any formula used. (L.U., 1938.)

16. If a frame aerial of area 2 square metres has 20 turns of
wire and its plane is 45° off the line of bearing of a distant
tra.nsmlttmg station which produces an incident electric field-
strength ‘of 10 mV. per metre at a frequency of 05 Mc/s,
find the e.m.f. induced in the frame. (I.K.E., May, 1940.)

17. A frame aerial consists of 12 turns having a mean
diameter of 80 cm. When the plane of the frame is inclined

‘at an angle of 60° to the direction of propagation of a 300
metre unmodulated wave, the capacitance connected across
the trame aerial has to bhe adjusted to 240 uul. to give the
maxicum reading on a valve voltmeter connected across the
condenser. When the frame is turned so that its plane is
in the direction of propagation, the reading on the voltmeter
is limited to the original valuc of 0-15 volt by increasing the
capacitance by 4-7 puF. Calculate the field strength in volts
per metre. (L.U., 1940).

18. A frame aerial wound on a square frame of 1 m. side is
placed with a diagonal vertical and with its plane directed
towards a transmitting station operating on a wavelength of
250 m. The aerial coil consists of 5 turns and has an induct-
ance of 90 uH. and a resistance at the above wavelength of
1-5 ohms, while the field strength set up by the transmitting
station is 10 mV. per metre. If the frame is tuned by a variable
condenser of negligible resistance, calculate the voltage
developed across this condenser. (I[.E.E., May, 1941).

29. AERIAL TUNING

EXAMPLES 29
1. Areceiving aerial has an effective capacitance of 200 micro-
microfarads and negligible inductance. In series with it is
placed a condenser of 800 micromicrofarads and an inductance



PROBLEMS IN RADIO ENGINEERING 89

of 250 microhenries. What is’ the wavelength to which it is
tuned? If the condenser is short-circuited, what additional
inductance must be added to tune the aerial to 942 m.?
(C. & G., 1, 1928.)
2. An aerial tunes to 450 m. with an mducbance of 100
microhenries in series and tunes to 600 m. with an inductance
of 200 microhenries in series. What is the capacity and indue-
tance of the aerial? (C. & @., 1, 1932.)
3. An antenna has a capacitance of 300 uuF. and an
inductance of 30 uH. What series inductance must be added
to tune it to a wavelength of 1 500 metres? What alternative
method can be used to tune the aerial?
(C. & @G., Prelim., 1935.)
4. An a,nten.na, has a capambance of 400 puF. and an in-
ductance of 60 yH. What series inductance must be added to
tune it to a wavelength of 1 500 metres? What alternative
method can be used to tune the aerial? (I.E.E., Nov., 1937.)
6. The equivalent inductance and capacitance of an aerial
circuit are measured by means of a transmitting wavemeter.
It is found that with a loading inductance of 600 uH. the
natural wavelength of the aerial circuit is 400 m., and with a
loading inductance of 200 uH. the natural wavelength is
300 m. Calculate the equivalent inductance and capacitance
of the aerial. ([.E.E., May, 1939.)

30. DIRECTION FINDING

REFERENCE. D/F Handbook for Wireless Operators, by
Crook (Pitman); Wireless Direction Finding, by Keen (Ihffe
& Sons).

EXAMPLES 30

1. A transmitting station which is due west of a small
rotatable loop direction finder produces a maximum signal
voltage of 0-6 volt. The sensitiveness of the receiver is such
that a signal voltage of less than 0-025 volt cannot be per-
ceived by the telephones. Assuming that zero signal does
occur when the plane of ‘the loop is north and south, over
what range of scale can the pointer be swept without the trans-
mitter becoming audible? (I.E.E., Nov., 1929.)

2. Explain the principle of direction-finding and the cause
of night errors. Describe technical details of the application of
direction-finding systems to marine use. (I.E.E., May, 1930.)

4—(T.35)
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8. Describe any type of directional receiver with its
associated aerial system. Explain how it is used to determine
the direction of a distant transmitting station.

. (C. &£ @G., 1, 1931.)

4. What are the relative advantages of Bellini-Tosi and
rotating loop direction-finders? How are these systems used
to determine sense? To what errors are these systems liable?
Can these errors be overcome? If so, how?

(C. & G., Final, 1931.)

5. Explain how an open aerial and a loop can be combined
to give a heart-shaped polar diagram for reception.

(I.E.E., May, 1931.)

6. Describe a direction-finding system suitabla for use on
ships. Give sketches showing the arrangement and screening
of the coil and discuss the principles involved. Outline the
rotating-beacon system used for giving a bearing to ships at
sea. (I.E.E., May, 1932.)

7. Describe, with diagrams, a frame aerial suitable for
direction-finding on shipboard, and the method of correcting
the errors due to the iron work of the ship.

(I.E.E., Nov., 1932.)

8. Describe a method whereby the direction and sense of a
distant transmitting station can be determined.

(I.E.E., May, 1933.)

9. What are the causes of aberrations, other than instru-
mental errors, in the direction determinations of Bellini-Tosi
and rotating-loop direction-finders at night? What methods
have been developed for countering these aberrations?

(I.E.E., Nov., 1933.)

10. What is the cause of night errors in rotating loop
andBellini-Tosi direction finders? Explain clearly how the
Adcock aerial tends to obviate such errors. Give diagrams of
the aerials and associated circuits for (a) rotating Adcock
system, (b) fixed Adcock system. (C. & G., Final, 1934.)

11. Find an expression for the voltage induced in a square
vertical frame aerial as it is rotated about a vertical axis in a
plane electromagnetic wave. Explain how direction-finding by
wireless is achieved. Discuss briefly the errors which may
occur and the methods of minimizing them.

(I.E.E., Nov., 1935.)

12. Give a detailed explanation of the determination of
direction and sense of an incoming radio signal by means of a
Bellini-Tosi or rotating loop direction finder. "What are the
relative phases of the resultant voltages impressed on the loop
and vertical aerial? Why are bearings sometimes unreliable
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(a) at night, and (b) in directions coinciding approximately with
a coast-line? (C. & G., Final, 1938.)

13. What are the relative advantages of Bellini-Tosi and
rotating loop direction finders? State the errors to which
these systems are liable. (I.E.E., Nov., 1936.)

14. Describe with sketches the principles of operation of any
type of direct-reading direction finder for indicating the
direction of arrival ‘of an incoming wave.

(C. & G., Final, 1937.)

156. P, @, R and S are four similar vertical aerials of an
Adcock type direction finder. An incoming signal makes a
varying angle o with the diagonal PR of the square so formed.
Deduce a formula to show that, provided the distance apart
of the verticals is small compared with the wavelength, the
angular displacement of the rotating coil of the goniometer is
a true indication of the value of «. (C. & G., 3, 1940.)

31. AERIAL STRESSES
Unloaded Aerial
The maximum sag or dip at the centre is given by
D = wi?[8T feet
where | = length of aerial in feet,
w = weight of single wire in lb. per foot,
T = tension at lowest point in 1b.
The tension at the support is
T,=T+ wD
Line Subjected to Wind

If p = wind load in lb. per sq. ft. of projected area of
wire, then the wind pressure per foot is

P = pd[12 Ib.
where d = diameter of wire in inches.
Total load per foot
W = V(P + )
Hence, sag = WP[ST feet

EXAMPLES 31

1. A receiving antenna is erected, comprising a horizontal
portion with two parallel wires 6 ft. apart and 80 ft. long, and a
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vertical down-lead 60 ft, in length. The weight of the wire
used is 0-06 Ib. per yd. run. The horizontal portion has a
sag at the centre of the span of 5 ft. Calculate the pull in the
halyard. (I.E.E.. Oct.; 1926.)

2. State the various types of masts and towers used to
support the antenns of land stations. Discuss the relative
advantage of stayed masts versus self-supporting towers for
various heights of structures. (C. & G., Final, 1931.)

3. A lin. diameter steel wire rope having a safe working
load of 10 tons supports an antenna between two masts
1 200 ft. apart. If the weight of the rope is 9 1b. per fathom
and the maximum load due to the antenna is 2 lb. per foot of
span, what must be the initial sag in the rope if the safe working
stress is not to be exceeded under an horizontal wind load of
30 1b. per sq. ft. of projected area of the rope?

(C. & G., Final, 1932.)

4. A steel aerial tower 500 ft. high stands on a square base
of 120 ft. side. The weight of the tower, including foundations,
is 400 tons. The wind load on the antenna produces a force at
the top of the mast normal to the direction of the wind equal
to 0-5 v?1b. where v is the velocity of the wind in feet per
second. The wind load on the tower itself produces a force in
the direction of the wind equal to 1-5 v? lb. at a height of
200 ft. from the ground. The foundation of the tower extends
10 ft. below ground. If the resultant moment due to the above
forces is parallel to one of the sides of the square base, what is
the velocity of the wind, in miles per hour, which will cause
the tower to overturn? (C. & @G., Final, 1933.)

5. Discuss briefly the relative advantages of self-supporting
steel towers and stayed masts. Which type is cheaper to
construct and erect? What means are adopted to counteract
the tendency aof steel towers or masts to distort the radiated
field due to reflection? (C. & d., Final, 1935.)

6. A l-inch diameter steel wire rope having a safe working
load of 10 tons, supports an antenna between two masts
1 000 ft. apart. If the maximum load due to the antenna is
25 1b. per ft. of span, and the weight of the rope is 1:5 Ib. per
ft., what must be the initial sag in the rope if the safe working
stress is not to be exceeded, under a horizontal wind load of
25 1b. per sq. ft. of projected area of the rope?

' ’ (I.E.E., Nov., 1938.)

7. In the last bay of an overhcad route there are eight
40-1b. copper conductors. The span is 60 yards and the dip at
the centre of the span is 7-36 in. The terminal pole stay is
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connected at the point of resultant pull 30 feet from the ground,
and has a spread of 10 feet. What is the tension in the stay?
(I.E.E., May, 1937.)
8. There is a difference of dip of 1 inch between two wires
at the centre of a 60-yard span of 40-lb. cadmium-copper
aerial route. The tension in the wire with the lesser dip is
50 Ib. What is the tension in the other wire? Calculate the
dip of each wire. (I.E.E., Nov., 1938.)
9. The poles of a particular open-wire route carrying
20 copper wires of 150 lb. gauge are 25 ft. in height, have
diameters at the top and at ground level of 8 in. and 10 in.
respectively, and are spaced 60 yd. apart. If the resulting
pull of the wires occurs at 22 ft. above ground level, calculate
the bending moment at the foot of the poles due to a transverse
wind pressure of 18 lb. per sq. ft. The diameter of 150 1b.
gauge copper wire is 0-097 in. (I.E.E., Nov., 1940.)

32. SHORT WAVES

REFERENCE. Short Wave Wireless Communication, by Lad-
ner and Stoner; Short-wave Radio, by Reyner (Pitman).

EXAMPLES 32

1. Write a brief account of the methods and progress of
short-wave telegraphy. (I.E.E., Oct., 1927.)
2. Discuss the possible application of an ultra-short-wave
channel of communication, and describe briefly some experi-
ments which have been made with ultra-short waves.
(I.E.E., Nov., 1932.)
3. Describe briefly the various devices that have been used
to generate alternating currents of wavelength 1 m. or less.
Explain what determines the frequency of such oscillations.
(L.U., 1933.)
4. Give an account, with circuit diagrams, of the reception
of short-wave signals, paying particular attention to the
various methods for avoiding self-oscillation of the receiving
circuit. (I.E.E., Nov., 1934.)
5. Describe two methods of diversity reception suitable for
short-wave telegraphy. Indicate the merits and demerits
of each method. (C. & G., Final, 1937.)
8. Describe either a Magnetron or a Klystron valve suitable
for generating very short wavelengths. Explain its mode of
action. (C. & G., 3, 1941.)
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33. PROPAGATION

EXAMPLES 33

1. Explain the causes of fading in the recept.lon of short
and medium waves. What methods are adopted in practice
to minimize the effects of fading?

(C. & G., Final, 1933.)

2. What are the causes of fading? What determines the
minimum distance from a transmitting station at which
fading is likely to be encountered? How is this distance
affected by wavelength and power of the transmitting station?

(I.E.E., May, 1933.)

3. How does the propagation of short waves, say below

60 m. wavelength, differ from the propagation of long waves?
(I.E.E., Nov., 1933.)

4. What is meant by the term Heaviside layer? How can
the height of the layer be determined?

(I.E.E., Nov., 1933.)

5. What is the part played by the Heaviside layer in the
propagation of short waves? Why is it necessary, in short-
wave communication over long distances, to use longer waves
during the night than during the day?

(C. & G., Final, 1934.)

6. Write a short account of the nature of electromagnetic
waves and their propagation round the earth.

(I.E.E., Nov., 1934.)

7. What are the causes of fading—

(a) In the case of medium-wave stations within range of
the ground ray;

(b) in the case of short-wave stations beyond the range
of the ground ray?

What methods are adopted in practice to combat fading?
(C. & G., Final, 1985.)
8. Discuss the nature of (a) a plane electromagnetic wave,
(b) the electromagnetic wave from a half-dipole (ideal aerial).
(I.E.E., Nov., 1935.)
9. What grounds are there for believing in the existence of
ionized layers in the upper atmosphere? Describe the methods
adopted to determine the heights of such layers.
(C. & G., Final, 1937.)
10. Write a short essay on the influence of the ionosphere
upon the propagation of. electromagnetic waves of various
wavelengths ranging from. say, 15 to 3 000 metres.
(L.U., 1940.)
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34. INTERFERENCE
EXAMPLES 34

1. Give a list of the methods in common use for minimizing
the effects of atmospherics and other interference with a short
statement of their effectiveness and limits of application.

(C & G., Final, 1929.)

2. What are the methods adopted in practice to reduce the
eflfects of atmosphemcs and interference in reception (a) in the
antenna system, (b) in the receiver?

(C. & G., Final, 1932.)

3. Explain why some types of electrical machinery are liable
to produce interference with radio reception. How is such
interference transmitted?' Indicate any method or methods
of suppressing interference from small direct current motors.

(C. & G., Inter., 1934.)

4. Explain how the interference to radio reception caused
by industrial and domestic electrical plant can be prevented
or minimized. Give typical methods of suppressing such
interference in the case of—

(a) a series d.c. motor,

(b) a shunt d.c. motor,

(¢) a universal motor used on a.c. or d.c. circuits,

(d) a neon sign.

(e) an oil-burning equipment of the automatic type.
(C. & G., Inter., 1938.)

\

35. REPRODUCERS AND MICROPHONES
REFERENCES. Elements of Loud Speaker Practice, by
McLachlan (Oxford Univ. Press); Telegraphy and Telephony,
by Mallett; Wireless, by Turner; Applied Acoustics, by Olson
and Massa; Loud Speakers, by McLachlan.
The force on the moving system is given by
F = AIf10 dynes
where I = current in amperes in the coil,
A = force factor in dynes per ampere.
In the case of a telephone receiver,
A4 = 2BN|R
where B = flux density in air gap due to permanent magnet,
N = total turns on both coils,
R = reluctance of magnetic circuit
In the case of a moving-coil speaker,
A = Bl
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where B = mean flux density in the gap,
I = length of wire on the coil in cm.
The motional impedance is given by
L A*x 107
2 Y jlom - )
where m = mass of moving parts in grams,
¢ = stiffness in dynes per cm.,
r = mechanical resistance in dynes per cm. per sec.
If the suspension in & moving coil speaker exerts a
negligible control, s = 0, and
z = A¥(r + joom)10° ohms.
If the electrical resistance and inductance of the coil are
R and L respectively, the total impedance is

. 1070, 4?2

R+ oL+ r + j(wm — sfw)

If the coil has a velocity of v cm. per sec., its e.m.f. is

E = Av[108
The displacement of the coil is given by
U = vJo = v2nf = AI[/100wr om.

The resonant frequency is f = (1/27)4/(8/m) c/s.

The decay factor is a = r/(2m).

If R, is the resistance of a speaker when the cone is
stationary and R, is the resistance when the cone is free,

the motional resistance is R,, = R, — R, and the efficiency
is given approximately by n = R, /R,

ohms

EXAMPLES 35

1. Describe the construction and action of a telephone
receiver. What determines the most suitable resistance for
the windings of such a receiver in any particular case?

(C. & G., 1, 1929.)

2. Describe the telephone receiver and obtain an expression
for its force factor. Why is an ordinary telephone receiver
unsuitable for use as a loud-speaker? (L.U., 1929.)

8. Why does a telephone receiver respond most readily to
currents of particular frequencies? Describe any experimental
means of determining these frequencies accurately.

(L.U., 1930.)



PROBLEMS IN RADIO ENGINEERING 97(

4. Sketch roughly to scale any form of telephone receiver
or loud-speaker. Give some idea of the magnitude of the
currents and fluxes in operation. In what way does the
motion of the moving part affect the impedance of the instru-
ment? (L.U.,1931.)

5. Describe any microphone suitable for the transmission of
broadcast signals and explain, with diagrams, how it is arranged
to control the output of the station. (I.E.E., May, 1931.)

8. Describe, with diagrammatic sketches, the principle of a
moving-coil loud-speaker, and explain why the alternating
motion of the coil may make the input reactance appear to
be capacitative. The coil of a certain moving-coil speaker
had an inductance of 0-2 H. and was wound with 300 m. of
wire and moved in a uniform radial magnetic field. A simple
harmonic voltage of constant value and frequency 500 cycles
per sec. was applied to the coil. The e.m.f. produced by the
movement of the coil could be varied by adjusting the exciting
current of the magnet winding. It was found that the current
through the coil rose to a maximum value of 10 mA. (r.m.s.)
when the strength of the magnetic field was 5 000 lines per
sq. cm. Calculate the amplitude of movement of the coil if
the control due to the suspension was negligible.

(I.E.E., Nov., 1931.)

7. Compare the different requirements of microphones for
service in a telephone installation and in a broadcast studio,
and discuss how they are met by the'instruments used.

(L.U., 1932.)

8. What is meant by the ‘‘motional impedance” of a
telephone receiver? Give a theory of the telephone receiver
showing how the motional impedance depends upon the
electrical and mechanical design, (L.U., 1933.)

9. Describe the construction of a telephone receiver and
explain its action in the production of audible signals. Why
is a condenser sometimes connected across a telephone, and
when is the use of such a condenser advisable?

» (c. & 3., 1, 1933.)

10. What is meant by the motional impedance of a telephone
receiver? Explain how it would be measured and how the
total impedance of the receiver would vary with frequency.

(I.E.E., May, 1934.)

11. Describe with sketches the construction of a modern form
of moving-coil loud-speaker. Explain the action, and find a
formula from which the pull on the coil can be calculated.

(I.E.E.. May, 1934.)

12. Compare and contrast the different duties of a telephone
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receiver and a loud-speaker. A telephone receiver has 680
turns on each pole of the permanent magnet, which gives a
. flux density in the air gap of 900 lines per sq. cm. The reluc-
tance of the magnetic circuit to alternating fluxes is 0-8 c.g.s.
“units. A moving-coil loud-speaker has a coil of 1 100 turns
and diameter 2-6 cm. in a fleld of 1 400 lines per sq. em. If
the loud-speaker were fltted with a diaphragm identical with
that of the telephone receiver, what would be the ratio of the
currents required to give the same amplitude of vibration in
the two cases? (L.U., 1934.)
13. The impedance of a telephone receiver is measured in
a bridge in which the arms adjacent to the receiver have
resistances of 1 000 ohms and 800 ohms respectively, and the
arm opposite the receiver has at balance a resistance of 8 000
ohms in parallel with a capacitance of 0-2 microfarad. Find
the resistance and inductance of the receiver, proving any
formula used. (I.E.E., Nov., 1934.)
14. Why is it desirable to use a permanent magnet in the
ordinary telephone receiver? What happens if the permanent
magnet of a telephone receiver is replaced by a soft iron core?
(C. & G., Prelim., 1936.)
15. Describe a method of ascertaining the effective mass and
the effective stiffness of a telephone receiver diaphragm. The
effective mass of such a diaphragm, when assembled in a
receiver, is 1-4 grammes, and the effective stiffness is 54 x 10¢
dynes per cm. Calculate the principal resonance frequency of
the receiver. Explain why, and in what manner, the response
curve of a receiver when held to the ear differs from that
representing sound reproduction into free space.
(L.U., 1936.)
16. Write a theory of the action of a telephone receiver. If
a current of 2:0 mA. through a receiver produces, at the
resonant frequency of 1 000 c/s, a vibration amplitude at the
centre of the diaphragm of 0:008 mm., and if the motional
impedance at this frequency is 160 ohms and the decay factor
is 120, find the force factor of the receiver and the equivalent
mechanical constants of the diaphragm. (L.U., 1938.)
17. Explain the operation of a moving-coil loud speaker,
drawing diagrams to show (a) the magnetic circuit of the
instrument, clearly indicating the direction of the magnetic
flux, (b) the method of support of the cone and the attachment
of the moving coil. (C. & G., 1, 1939.)
18. Describe tests that should be carried out on a loud speaker
to determine its suitability for use in a broadcast receiver.
(L.U., 1940.)
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) 36. FILTERS AND ATTENUATORS
REFERENCES. Theory of Electrical Artificial Lines and Filters,
by Bartlett (Chapman & Hall); FElectric Circuits and Wave
Filters, by Starr (Pitman); Telegraphy and Telephony, by
Mallett; Wireless, by Turner.
Filters
Let x be the series impedance and y the shunt impedance,
and let g be the positive value of 1 + x/2y.
Then the attenuation constant is given by
o = coshr!
= logh [g + v(g*-1) ]
The attenuation = « nepers
= 8-686a decibels.

Recurrent Networks
S S S S )

i
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]
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i

| 1
] ]
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' | |
'slz  s/2 LS
P 2P 2P
(o O O~ O
T Section or 7 Section or
mid -series section mid-shunt section
S/4 S/4 S/2
2P 2P
o O o
S/4 372
Balanced T or Ba/lanced v ar
H section LD section

F1s. 8
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Low-pass Filter

----TWMTmuo S0
c c 'I"c R
I

o—-’UﬁM\—-I—/MDU‘-—O- C-L S -L O
TC Tc/z Tc/z
o — o o— —o
7 Section 7r Section
Fi¢. 9. Constant-k Typr

L = 2R[w ¢ = LJR?
o = 2[4/(LC) R = +/(L|C)
L
Lz ue e
1l
Lz Cf2 'C!I Cz/2
¢ 1 Il
O T d O [ é 0
Series-derived T section Shunt-derived v section

Fi;. 10. Derivep TypE

L,=mL C, = L,/R?

Ly = AL | Cp= LJR?
where m = /{1 - (f/F)2},A = (1 - m?)[4m, f is the cut-off
frequency, and F is the frequency of maximum attenuation.
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High-pass Filter

T

High-pass Filter. Constant-k type

2 2 c
: % L %Zl %ZL
[o, O o O
T Section 7T Section

Fra. 11. Consrant-k TYPE -

L = R20 ¢ = LJR?
w = 1/24/(LC) R = +/(L]C)
26 2¢, Ly
o— —o
Lz 2, & 2L,
o TS o o o
Series-derived T section Shunt-derived T section

Fia. 12. Derivep TyPE

L = L4 C, = Ly/R?
Ly = Lim C, = L,/R?

where m = /{1 - (FIf)¥}, 4 = (1 - m?*)[4m
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Band-pass Filter
L G .
o—gm—
. Ly = 2R/(0; - wy)
C, = L,/R?
LB Lo L= (- woRRow,
2 2 Cy = Ly/R?
Fig. 13. Con-
STANT-k TYPE
Band-elimination Filter L,
L, = 2R (w, - w,)[ w0, . ]
C, = L,[R* ‘
Ly = R[2(e, - &) Cl;— Ly
C, = L,/R* c
Fic. 14. Constant-k TyPE I 2
Attenuators

T type. The series resistances A and B and the shunt
resistance C to produce a loss of D decibels between
resistances P and @ respectively are given by

¢ = [2v/(PQN)(N — 1)
A4+ C=PN-+DIN-1)
B+ C=QWN +1)(N-1)

where D[10 =log ¥
If P=¢Q, C=QPyNN-1
and A—=28 = P(v/N — DJ(v/N + 1)

I1 type. The series resistance C and the shunt resistances
A and B to produce a loss of D decibels between resistances
P and @ respectively are given by

(= J(N — 1) \/(PQIN)
YA + 1JC = (N + 1)[P(N — 1)
1B 4+ 1YC = (N + DJQ(N — 1)
If P=¢, C=PN—1)2yN
and A=B =PH/N+Dj(vN=1)
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EXAMPLES 36

1. Give circuit diagrams of the following, and show by
sketches the approximate magnitude of the attenuation pro-
duced in the various ranges.

(a) A low-pass filter; (b) a high-pass filter; (c¢) a band-
elimination filter; (d) a band-pass filter. (I.E.E., Oct., 1926.)

2. Give circuit diagrams of a low-pass filter, a high-pass
filter, and a band-pass filter, and explain their various uses.

e (I.E.E., Oct., 1927.)

3. Draw a diagram of (a) a low-pass, (b) a high-pass, and (c) a
band-pass filter circuit, and explain.the action of each type.
Illustrate your explanation with a numerical example for a
filter of one type. (I.E.E., May, 1930.)

4. Give an example of (1) a low-pass filter; (2) a high-pass
filter, and (3) a band-pass filter, and find expressions for
their cut-off frequencies. (L.U., 1931.)

5. What is a wave filter? Give typical characteristic curves
indicating the attenuation in respect to frequency in the case
of high-pass, low-pass, and band-pass filters. How does the
ratio of series impedance Z, to shunt impedance Z, in a
filter determine its attenuation in respect to frequency?

. (C. & G., Final, 1934.)

6. A chain circuit consists of a number of T links having in
each half of the horizontal part an inductance L2 and resistance
R/2, and in the vertical part a capacitance C. Explain how
the transmission properties of the circuit vary with frequency,
and find expressions for the propagation constant and the
cut-off frequency. (I.E.E., May, 1934.)

7. An attenuator of T-type is required to produce a loss of 10
decibels in a 600 ohm transmission line. Compute the values
of the shunt and series resistances. (C. & G., Final, 1934.)

8. Define the terms (a) decibel, and (b) neper. An attenuator
inserted in a transmission line produces a loss of 60 decibels;
what is this loss in nepers? (C. & G., Inter., 1935.)

9. It is desired to insert a T-type low-pass filter having a
cut-off of 3 000 cycles in a line of 600 ohms characteristic
impedance. Compute the values of the series and shunt
elements of a suitable filter section, assuming non-dissipative
elements. (C. & G., Final, 1935.)

10. Compute the values of the series and shunt elements
of an H-type attenuator having a characteristic impedance
of 600 ohms and a loss of 40 db. (C. & G., Inler., 1938.)

11. What is meant by a wave filter of (a) the constant-k
type, (b) the derived type? A high-pass filter for 600 ohms
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terminations is required to cut off below 20 000 c.p.s. Compute
the values of the shunt and series elements.
(C. & G., Final, 1936.)

12. What are the requirements for an inductance coil
intended to be used in a filter circuit? How are the require-
ments met in modern practice? A simple three-stage, high-
pass filter is to be inserted in a transmission line which has a
characteristie impedance of 600 Q /0°. The cut-off frequency

is 800 c.p.s. Calculate the inductances of the coils and the
capacitances of the condensers required. (L.U., 1936.)

13. What is the effect of resistance in modifying the per-
formance of wave filters? What are the conditions deter-
mining the transmitting ranges and attenuating ranges of a
wave filter? A single T-network having Z,/2 as the value of
each series impedance, and Z, as the value of the shunt im-
pedance, is terminated with an impedance Z;. It is required
that the input impedance must also be Z,. Find Z, in terms of
Z, and Z,. (C. & G,, Final, 1937.)

14. Calculate the values of a three-element low-pass con-
stant-k filter having a cut-off frequency of 1000 cycles per
second and a terminal impedance of 600 ohms, using (a) a
T-section and (b) a II-section.

15. Design a constant-k low-pass filter to have a cut-off
frequency of 798 cycles per second and a terminal impedance
of 600 ohms, using (a) a T-section and (b) a Il-section.

16. Design an m-derived low-pass filter to have the same
characteristics as that of the filter in the preceding question,
using (a) a T-section and (b) a II-section. Take m to be 0-6.

17. Design a composite low-pass fllter having the same
constants as in the preceding questions and comprising one
simple scctjon and one derived section, using (a) mid-series
sections and (b) inid-shunt sections.

18. Calculate the values of a three-element high-pass con-
stant-k filter having a cut-off frequency of 2 000 cycles per
second and a terminal impedance of 600 ohms, using (a) a
T-section and (b) a [I-section.

19. Design a constant-k high-pass filter to have a cut-off
frequency of 796 cycles per second and a terminal impedance
of 600 ohms, using (a) a T-section and (b) a II-section.

20. Design an m-derived high-pass filter to have the charac-
teristics of the filter in the preceding question, using (a) a
T-section and (b) a II-section. Take m to be 0-6.

21. Design a composite high-pass filter having the same
constants as in the preceding questions and comprising one
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simple and one derived section, using (a) mid-series sections
and (b) mid-shunt sections. .

22. A constant-k band-pass filter terminated by 600 ohms
has a lower cut-off frequency of 120 ke/s and an upper cut-off
frequency of 123 ke/s. Calculate the values of the elements for
(a) a T-section and (b) a Il-section.

23. A constant-k band-elimination filter is required to sup-
press frequencies between 1 000 and 1 800 cycles per second,
and to have a terminal impedance of 500 ohms. Calculate the
values of the elements of (a) a T-section and (b) a II-section.

24. A symmetrical filter section of the T-type has series
inductances of 100 mH. and a shunt capacitance of 1 uF.
Determine the cut-off frequency of the filter. Prove any
formula employed. (I.E.E., Nov., 1939.)

25. In a T-type attenuator designed to work into a load of
600 ohms, each serics resistance is 400 ohms. Compute the
attenuation.

268. In a n-type attenuator designed to operate into a load of
600 ohms, each shunt resistance is 1 000 ohms. Calculate the
attenuation. ’

27. In an lI-type attenuator matched to a transmission line of
800 ohms impedance, each of the series resistances is 240 ohms.
(Calculate the attenuation. Determine, also, the value of the
shunt resistance.

28. Calculate the values of the series and shunt elements of
a w-type attenuator having a characteristic impedance of 600
ohms and a loss of 20 decibels. (I.E.E., May, 1938.)

29. Draw the circuit diagram of a symmetrical H-section
resistance attenuator. Derive formulae for such an attenuator
and calculate the component resistances of a 20 decibel
section of 600 ohms characteristic impedance.

(I.E.E., Nov., 1938.)

30. An attenuator of the T-type is required to give a loss
of 20 db. in a transmission line having a characteristic imped-
ance of 1200 ohms. Calculate the values of the shunt and

series resistances of the attenuator. - (I.E.E., May, 1939.)

31. Define the transmission units ‘‘decibel” and ‘‘neper.”
Show that a symmetrical T-section of pure resistances whose
attenuation is 20 log A4 decibels has series resistances each
equal to R(4 — 1)/(4 + 1) and shunt resistance 24AR[(4% — 1),
where R is the iterative resistance of the network.

(L.E.E., Nov., 1940.)
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37. POWER SUPPLIES

REFERENCES. Modern Rddio Communication, by Reyner;
Admiralty Handbook of Wireless T'elegraphy.

EXAMPLES 37

1. Give a circuit diagram of a three-phase full-wave ther-
mionic rectifier, using cooled anode valves suitable for furnish-
ing high-tension direct current to a high-power valve trans-
mitter. The anodes of the rectifier valves are to be worked at
earth potential. Smoothing circuits are to be shown suitable
for supplying the penultimate and final stages of the trans-
mitter. The output of the rectifier is 200 kW. and the efficiency
85 per cent. What will be the current taken from the supply
mains at a power-factor of 0-8 if the voltage of supply between
phases is 400? (C. & G., Final, 1933.)

2. Describe fully how the necessary direct current for a
large wireless transmitting station is obtained from a three-
phase low-tension supply. (I.E.E., May, 1935.)

3. The power supply to a transmitting station is 11 000
volts, 50 c/s, three-phase. The short-wave transmitters, having a
maximum output of about 680 kW., require an anode voltage
not greater than 6 500 volts. Give an outline of the design of
the power equipment. (C. & G., 3, 1940.)

38. TRANSMISSION LINES
REFERENCE. Telegraphy and Telephony, by Mallett.
The characteristic impedance of a line is
7= R + jowL
T AN LG+ jwC
where R, L, C and G represent the resistance (ohms),
inductance (henries), capacitance (farads) and conductance
(mhos) respectively per unit length of line.

For high frequency currents, R and G become negligible
in comparison with wL and wC and

_ , Z = V(L/C),
its angle being zero.

If the characteristic resistance of a line is Z and the
resistance of the load R, the reflection ratio is

dr/(1 + r)?
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where r = R[Z. The reflection loss is
10 log [(Z+ R)*[4ZR)=20 log[(Z +R)/2+/ZR)] decibels
Twin and Concentric Lines

The characteristic impedance of a parallel-wire air line is
Z = 276 log (S|r) ohms
where S is the spacing and r is the radius of the conductors
expressed in the same units.
This usually lies between 400 and 800 ohms for practical
values of the ratio Sjr.
The characteristic impedance of a concentric line is
Z = 138 log (R/[r) ohms,
where R is the inner radius of the outer conductor and
r is the outer radius of the inner conductor.
This usually lies between 50 and 150 ohms for practical
values of the ratio Rfr.
If the conductors are separated by a dielectric of per-
mittivity «, the characteristic impedance is

Z = (138/V'x) log (R|r) ohms.
Quarter-Wave Lines

The impedance Z, measured at one end of a quarter-
wave line which is terminated at the other by an impedance
Z, is

Zy = Z¢*|Z,
where Z, is the characteristic impedance of the line.

In other words, a quarter-wave line matches two imped-

ances Z, and Z, connected to its extremities if

ZQ = \/(Z1 Zz)-

EXAMPLES 38

1. The attenuation of energy in a carrier transmission line
is stated to be 16 transmission units. Assuming the line to be
properly terminated without reflections, what is the ratio of
the voltages at the two ends of the circuit?

(I.E.E., Oct., 1926.)

2. A high-frequency transmission line consists of a pair of
open wires having an inductance of 0-004 henry per mile and
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a capacitance of 0-01 microfarad per mile. What is its char-
acteristic impedance? If the line is connected to an antenna
whose input impedance is 80/20hms, what will be the loss
due to reflection? How can this loss be reduced?
(I.E.E., May, 1933.)
3. Explain with a schematic diagram the working of a
simple type of radio telephone link between two land line
networks. Can such a system be worked on the same wave-
_length in both directions? What are the limitations of such
a system? (C. & G., Inter., 1934.)
4. Find the characteristic impedance of a telephone loop
having a resistance of 10 ohms, an inductance of 12 mH., a
capacitance of 0-010 uF., and a leakance of 10°° mho, all per
loop mile. (I.E.E., Nov., 1934.)
5. A high-frequency transmission line consists of a pair of
open wires having a distributed capacitance of 0-01 xF. per
mile and a distributed inductance of 3 mH. per mile. What is
the characteristic impedance of this line? Describe a suitable
method for connecting this line to an aerial having an imped-
ance of 100 ohms. (C. & G., Final, 1935.)
6. Describe, with a diagram, the apparatus necessary for
the connection of a long distance radio-telephone link to the
public telephone system. Why is it necessary to use a singing
suppressor in such circuits? Describe a thermionic or electro-
mechanical type of singing suppressor.
(C. & @G., Final, 1935.)
7. Describe the method used to connect a radio-tclephone
link to a trunk telephone circuit where active stabilizing
devices are not used. What are the limits imposed in such
circuits to the maximum a.mphﬁcatxon which can be employed?
(C. & @G., Inler., 19386.)
8. An antenna array presents an impedance of 3 000 ohms
to the transmitting line feeding it, which consists of two
0-10 in. diameter copper wires, 9in. apart. Calculate the
dimensions of a suitable matching system between the antenna
and the feeder. (C. & G., Final, 1936.)
9. In a communication channel involving both wireless and
land line, describe the circuit arrangements necessary at the
junction of the two. (I.E.E., May, 1936.)
10. A high-frequency open-wire transmission line has a
distributed capacitance of 0-02 microfarad per mile and a dis-
tributed inductance of 7-2 mH. per mile. What is the char-
acteristic impedance of the line? Find suitable dimensions of a
quarter-wave matching line to match this transmission line to
a load of 200 chms. (C. & G., Final, 19317.)
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11. A beam aerial is ¢onnected to a two-wire open trans-
mission line. If the aerial at the junction of the transmission
line has a resistance of 1 200 ohms, and the ratio of the distance
between wires to the diameter of each wire is 50, design a
device to match the aerial to the transmission line. If the
device could not conveniently be located adjacent to the aerial,
where would you place it? (C. & G., 3, 1938.)

12. A high-frequency open-wire transmission line has a
distributed capacitance of 0:03 uF. per mile and a distributed
inductance of 10-8 mH. per mile. Calculate the characteristic
impedance of the line. Find suitable dimensions of a quarter-
wave matching line to match. this transmission line to a load
of 300 ohms. (I.E.E., Nov., 1938.)

13. A highly insulated coaxial cable is used as a radio-
frequency transmission line. If the inner conductor has a
diameter of }in. and the outer conductor an inside diameter
of }in., determine the characteristic impedance of the cable.
Assume that the spacer between the conductors has a permit-
tivity of unity. (I.E.E., May, 1939.)

14. Deduce an expression for the input impedance of a
quarter-wavelength transmission line operating at radio
frequency and terminated by a given impedance. Explain the
significance of the result obtained when the far end of the line
is (@) open-circuited, (b) short-circuited. Calculate the input
impedance of a quarter-wavelength line operating at radio
frequency, having a characteristic impedance of 90 /0° ohms

and terminated by an impedance of 81 /30° ohms.

(I.E.E., Nov., 1939.)
15. The central conductor of a concentric cable feeding an
aerial array has a diameter of % in. and the outer conductor
an inside diameter of § in. If the permittivity of the low-loss
dielectric which separates the conductors continuously along
their length is 2-2, calculate the characteristic impedance of
the cable. Describe, and explain the principle of, one method
by which a feeder may be ‘“matched” to an aerial system of

different impedance. (I.E.E., Nov., 1940.)

39. MEASUREMENTS

REFERENCES. Radio Frequency Measurements, by Moullin;
High Frequency Measurements, by Hund; Measuremenis in
Radio Engineering, by Terman; Radio Krequency Electrical
Measurements, by Brown; A.C. Measurements, by Owen;
Radio Frequency Measurements, by Hartshorn,
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Inductance

Self-inductance by resonance method ;
L = 25 330/f%C microhenries
where f = frequency in Mc/s,
C = capacitance in ‘u,uF.\
Effect of self-capacitance;
Apparent inductance L, == L|(1 — w*L()
= L(1 4+ w?LC)
where L = true inductance of coil,
C = self-capacitance of coil.
Apparent mutual inductanée between two coils;
M, = M1 + 0¥ L,C, + LyC,)]
where : M = true mutual inductance,
L,, L, = inductances of the coils,
C,, Cq = self-capacitances of the coils.

Capacitance
Self-capacitance of a coil ;
C = (L0, — LCI(E — [P puF. )
where C; = tuning capacitance in uuF. at frequency f,
C, = tuning capacitance in uuF. at frequency f,.
Using the harmonic method, i.e. when f, = 2f;
C = }C, — 4Cy).
Measurement of very small capacitance by the hetero-
dyne method ;
= 2fC/[F.
where C = oscillator capacitance,
F = frequency at which the test is made,
f = change in beat frequency having due regard to
sign.
Resistance
By the capacitance variation method ;
R = (Cy — Cly/20C\Coy/ (12 — 1,")
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where I, = induced current at resonance,
I, = induced current at capacitances C; and
C, on either side of resonance.
If Iy = I;4/2, R = (C, — C,)/2wC,C,
By the frequency variation method ;
R = L(w, — wy)| V(B Ey)* — 1}
where L = the inductance of the circuit,

Ey= condenser voltage at resonance,
E,= condenser voltage at pulsatances w, and w, on
either side of resonance.

If B, = E;v/2, R = L{w, — w,).

EXAMPLES 39

1. Explain how an attenuator can be used in connection
with a radio frequency oscillator and an audio frequency
oscillator for measuring the amplification, selectivity and
fidelity of broadcast receivers. (C. & @., Inler., 1934.)

2. Describe any method of measuring the field strength
due to a distant transmitting station. What approximately
is the minimum fleld strength that can be measured by normal
equipment? (C. & G., Inter., 1936.)

3. Determine an expression which gives the effective
inductance at any frequency of a coil of known self-capacitance.
If the self-capacitance of a coil is 8 yuF. and its low-frequency
inductance is 100 uH., calculate its effective inductance
(a) at 0-8 Mc/s, (b) at 16 Mc/s.

4. Two coils, of inductances 50 pH. and 200 u«H. re-
spectively, are magnetically coupled. Determine the effective
value, at a frequency of 2 Mc/s, of the mutual inductance
between them if their self-capacitances are 5 and 7 uuF.
respectively and the coupling coefficient is 0:05. Prove the
formula used. Neglect the effect of mutual capacitance
between the coils.

5. An oscillator is tuned by a standard capacitor of 730
uuF. to oscillate at 1 Mc/s: a heterodyne oscillator is tuned
to a frequency a little below the first to produce a beat note of
3 kec/s in a receiver which is coupled to both. On connecting
a small capacitor in parallel with the standard, the beat fre-
quency falls to 18 kec/s and increases with increase of the
heterodyne oscillator frequency. Compute the value of the
added capacitance and prove the formula used.
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. An oscillator, tuned by & standard capacitor of 500 uuF.,
opera.tes at 2 Mc/s: a heterodyne oscillator, tuned to a
frequency a little below the first, produces a beat note of
8 ke/s in a receiver which is coupled to both. On connecting
a small capacitor in parallel with the standard, the beat
frequency falls to 400 c/s and decreases with increase of the
heterodyne oscillator frequency. Calculate the value of the
added capacitance.

7. A coil, tuned by a capacitance C, is loosely coupled
to a high-frequency oscillator. The values of C to produce
resonance at 1 Mc/s and 1-5 Mc/s are 794 and 350 uuF. re-
spectively. Determine the inductance and self~cap&mtance of
the coil.

8. A coil is tuned to a frequency of 700 kc/s by a capaci-
tance of 250 uuF.: to tune the coil to the second harmonic
of this frequency a capacitance of 55 uuF. is required. Calculate
the self-capacitance of the coil.

9. A coil tuned by a condenser C is loosely coupled to a
high-frequency generator. The values of C to produce
resonance at 1 Mc/s and 1-4 Mc/s are 800 and 400 uuF.
respectively. Find the self-capacitance of the coil.

(I.E.E., May, 1938.)

10. The voltage across an oscillatory cnrcult of inductance
1 mH. when loosely coupled to a high-frequency oscillator and
tuned to resonance is 4 V.: this decreases to 14 V. when the
oscillator frequency is adjusted to 255 kc/s and to 247 ke/s
for the same oscillator current. Compute the high-frequency
resistance of the circuit.

11. In the measurement of the resistance of a circuit at
200 kc/s by the capacitance variation method, the two
values of capacitance necessary to give a secondary current
of half the resonant value were 471 and 495 uuF. respectively.
Calculate the resistance of the circuit at this frequency.

12. An oscillatory voltage .of frequency 700 kc/s is intro-
duced across a resistance of 0-2 ohm in series with a 100 uH.
coil and a condenser tuned to this frequency: the “Q” of the
circuit is found to be 120. Determine the h.f. resistance of the
coil if the series resistance of the condenser is negligible.

13. In order to measure the resistance of a coil of
negligible self-capacitance it is .connected in series with a
thermo-milliammeter of 9 ohms resistance across a variable
condenser. The circuit is then weakly coupled to a high-fre-
quency source of 1 Mc/s. When the condenser is tuned to
resonance, a current of 10 mA. flows in the circuit. The
condenser is then adjusted above and below the resonance
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frequency, until the current is 7°07 mA. The values of the
condenser to give this current are 450 and 650 uuF., re-
spectively. What is the resistance of the coil?
(C. & G., 2, 19317.)
14. A coil of negligible self-capacitance is connected in
series with a thermo-milliammeter of 8 ohms heater resistance
across a variable condenser. The circuit is then loosely coupled
to an h.f. source of 1 Mc/s. A current of 10 mA. flows in the
circuit when the condenser is tuned to resonance. The con-
denser is then adjusted above and below the resonance fre-
quency until the current is 7-07 mA. The values of the con-
denser to give this current ar: 400 and 600 uuF., respectively.
Calculate the resistance of the coil. (I.E.E., Nov., 1938.)
15. Describe one method of measuring the field strength due
to a local medium-wave broadcasting station. State the
approximate values of field strength that you would expect.
(C. & G., 2, 1940.)

40. MEASURING INSTRUMENTS
REFERENCE. Radio Frequency Measurements, by Moullin

EXAMPLES 40

1. Describe with diagrams one type of field strength measur-
ing set. What precautions are necessary in the construction
of such a set? State how the set is used to measure fields.

(C. & G., Final, 1931.)

2. Describe some circuit arrangements suitable for a valve
voltmeter and discuss for each the dependance of the calibra-
tion on frequency and on wave-form. (I.E.E., May, 1932.)

3. Describe with a diagram a valve voltmeter suitable for
the measurement of high-frequency potential differences of
the order of 0-1 volt. How would you calibrate such an
instrument? (I.E.E., Nov., 1933.)

4. Describe a valve-wattmeter method of measuring powers
of telephonic frequency and magnitude. (I.E.E., May, 1934.)

5. Describe two types of ammeters suitable for measuring

- high-frequency currents of the order of 10 amperes. Mention
any characteristics of these instruments. How do they behave
when supplieq with direct current or low-frequency alternating
current? What would be the scale reading when the meter
was supplied with § amperes r.m.s. of high-frequency current
superimposed on 5§ amperes of direct current?

(C. & G., Inler., 1995.)
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41. A.C. BRIDGES

REFERENCES. Alternating Cur-
rent Bridge Methods, by Hague
(Pitman).

Maxwell Inductance Bridge
L= 9L

P

QS
E=F

Maxwell L/C Bridge
' L = CQS

_ PQS’ (0)0)2
T 14 (wCP)?

Owen Bridge

Anderson Bridge
& - 1x L=C'P(R!+-r+7£>_

A ¢
R R S=£QB
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Series-resistance Capacitance

Bridge
o KP @8
Q P
Parallel-resistance  Bridge.
The same formulae are applic-
able if R and 8 are in parallel

with C and K respectively.
Wien Bridge

Q R)
K= (P S
ck =L
~ w®RS
Schering Bridge

c.p
0 =21
Q
_Ge

Power factor = wC,P

Carey Foster Bridge
M =CP(R+S8)

L:.M(l +%)

Heaviside-Campbell Equal-ratio
Bridge
If P=Q

L=2(M—m)
R=8S—s

where m, s are the readings

obtained with L, R short-

circuited.

Fic. 16
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EXAMPLES 41

1. In a Hay bridge, one arm consists of a 1 uF. capacitor
in series with a resistance of 32 ohms. The two adjacent arms
contain resistances of 597 and 37 ohms respectively. Calculate
the inductance and effective resistance of the coil if the pulsa-
tance used is 5 000. Prove any formula used.

2. In a Maxwell bridge the resistance in two opposite arms
are 2 000 and 750 ohms respectively. The third arm consists
of a capacitance of 0:05 microfarad in parallel with a resistance
of 40 000 ohms. Deduce the conditions for balancing this
bridge and calculate the inductance and resistance of the coil
under test. -

3. A Schering bridge, used to test a condenser, comprises a
standard capacitor of 0:05 microfarad, a non-inductive resist-
ance of 20 000 ohms in the oppbsite arm, and a third arm
consisting of a capacitance of 300 micromicrofarads in parallel
with a non-inductive resistance of 1 200 ohms. Calculate the
capacitance and power factor of the condenser at a frequency
of 1 kc/s.

4. In an Anderson bridge for the measurement of the induct-
ance of a coil, the three resistive arms of the bridge are 100, 100,
and 1 000 ohms respectively. A capacitance of 0:2 microfarad
is connected to the junction of the two latter and a resistance
of 210 ohms to the junction of the two former. Calculate the
inductance of the coil and prove the formula used.

5. In an Owen bridge, cach capacitance is 0-2 microfarad
and the resistance in series with one of them is 2 047 ohms;
in the arm opposite to the latter is a resistance of 100 ohms
while the remaining arm comprises a resistance of 89 ohms in
series with the coil under test. Calculate the inductance and
resistance of the coil and prove the formulae used.

8. In a Wien bridge, the ratio arms consist of resistances of
200 and 100 ohms ‘respectively. Opposite to the latter is a
capacitance of 0-01 microfarad in series with a resistance of
100 ohms. If the frequency of the bridge is 706 c¢/s, calculate
the capacitance and shunt resistance of the capacitor forming
the fourth arm. Prove any formula used.

7. In a Carey Foster bridge used for measuring the mutual
inductance between two coils, a fixed capacitance of 0-35
microfarad is used. With a standard resistance P of 100 ohms
in the primary circuit, the resistance R in series with the
secondary is 440 ohms to secure balance, while if P is 200 ohms
R is found to be 200 ohms. Calculate the mutual inductance
of the coils and prove the formula used.
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42. CATHODE-RAY TUBES AND
TIME BASES

REFERENCES. ' Cathode-Ray Tubes, by M. von Ardenne;
Cathode- Ray Oscillography, by McGregor-Morris; The Cathode-
Ray Tube. by Parr; Cathode -Ray Oscillographs, by Reyner;
Cathode-Ray Tubes, by Watson-Watt; Time Bases, by Puckle.

Cathode-ray Tubes
Electric deflection = 0 5V"Ll cm
where V = p.d. between anode and cathode in volts,
¢ = electric deflecting force in volts per cm. = v/d,
v = p.d. between deflector plates in volts,
d == distance between deflector plates in em.,
L = distance from centre of plates to screen in cm.
I = length of plates in direction of beam in cm.
.03 HLI
i e
where V = p.d. between anode and cathode in volts,
H = magnetic deflecting force in oersteds,
{ = length of electron path through the field in cm.,
L = distance from centre of field to screen in cm.
if the whole of the beam lies in the magnetic field, then

Magnetic deflection -= W—L—

V7

Magnetic deflection =

Linear Time Bases
(1) Neon type with fixed resistance.

Sweep frequency f = %kc/s

. V-7,
wrhere T = CR logh +— =7,

C is the charging capacitance in uF.,

R is the charging resistance in kQ,

V is the d.c. supply voltage,

V, is the striking voltage of the lamp,
V, is the extinction voltage of the lamp.
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(2) Soft-valve type with constant charging current.
Sweep frequency f = I kc[s

C is the capacltance in yF.,
I is the charging current in mA.,

V is the difference between the striking and extinction
voltages.

(3) Multivibrator type.

Recurrence frequency f = kc/q

‘717
where T = C\R, ]ogh Vs -l- C,R, logh Y

C is the grid capa.mta,nce in uF.,
R is the grid resistance in k€,
V is the static p.d. across the anode resistance,
v is the static cut-off grid bias (V = 0).
The suffixes relate to the respective valves.

' EXAMPLES 42

1. In a cathode-ray tube, the length of the deflecting plates
in the direction of the beam is 1:27 cm., the spacing of the
plates is 0:475 cm., and the distance from the centre of the
plates to the screen is 20 cm. Calculate the approximate volt-
age between plates to produce a deflection of 1 cm. on the
screen if the potential between anode and cathode is (a) 160
volts, (b) 300 volts.

2. In a cathode-ray tube employing magnetic deflection, the
distance from the centre of the coils to the screen is 20 cm.
and the magnetizing force produced by the coils is 1-2 oersteds
along a distance of 43 cm. in the direction of the.beam. Cal-
culate the approximate deflection produced when the a.node
voltage is (a) 100 volts, (b) 400 volts.

3. The spot of a catbode-ray tube is displaced vertically by
a magnetizing force of 2 oersteds. Calculate the potential
which should be applied to the horizontal deflecting plates,
which are 0-5 cm. apart, to return the spot to the centre of the
screen. The anode voltage is 400 and the length of the deflect-
ing plates is the same as that of the magnetic field.
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4. A cathode-ray tube, supported with its axis vertfical, has
an anode potential of 625 V. If the distance from the anode
to the screen is 25 cm., calculate the deflection of the spot due
to the earth’s field (H = 0-18).

5. In a simple neon time base, the charging resistance and
capacitance are 0-3 megohm and 0-016 microfarad respectively.
The neon lamp strikes at 170 V. and is extinguished at 140 V.
Calculate the time constant of the charging circuit and the
approximate frequency of the time base if the supply voltage
is 200.

6. A lincar time base employs a saturated diode in conjunc-
tion with a gas triode. The siriking voltage and the internal
volt drop of the latter are 270 V. and 20 V. respectively. If the
diode charging current is 5 mA. and the capacitance is variable
from 0-001 to 1-0 microfarad, calculate the sweep frequency
range of the time base.

7. In a symmetrical multivibrator, with a high-tension
supply of 250 V., each valve has an anode voltage of 110 V.
with the coupling capacitor removed, while the static cut-off
grid bias is 20 V. with full anode voltage. Calculate the recur-
rence frequency if each grid capacitance and resistance are
0:006 uF. and 50 k) respectively.

43. WAVEMETERS
EXAMPLES 43

1. Describe the construction and use of any form of wave-
meter, and give an outline of a means of its calibration.

(C. &G, 1, 1926.)

2. Describe how a wavemeter may be accurately calibrated
by reference to a tuning fork. (C. & G., Final, 1926.)

3. A tuning fork is maintained in oscillation at 2 000 cycles
per sec., and by means of a tricde it produces a current in
which higher harmonics are observable. This current induces
an e.m.f. in a heterodyne wavemeter tuned by a variable
capacitance C. It is known that when C = 114 millimicro-
farads the wavelength is approximately 16 000 m. Heterodyne
screams are observed with their centres of silence at 146-0,
115-3, 80-0, 50-0, and 35-5 millimicrofarads respectively. Plot
a calibration curve of the wavemeter, and from it read the true
wavelength at 114 millimicrofarads.  (I.E.E., Nov., 1929.)
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4. Describe how to calibrate a wavemeter from the harmonics
of a source of known frequency. Illustrate the procedure by
numerical examples. (I.E.E., May, 1930.)

5. Describe the construction and method of use of a wave-
meter, suitable for use at a transmitting station, for measuring
the wavelength of both spark and C.W. transmitters.

(C. £G.,1,1931,)

6. Describe, with diagrams, an apparatus with which a wave-
meter can be calibrated in terms of a standard tuning fork.

(I.E.E., May, 1931.)

7. Describe the process of calibrating a wavemeter by means
of harmonic ratios and a single standard transmission of
known frequency. (I.E.E., May, 1932.)-

8. Describe the construction and principle of action of a
resonant type wavemeter suitable for measuring the wave-
length of a spark transmitter. What precautions should be
taken to minimize error when using the instrument ?

(C. &G., 1,1933.)

9. A wavemeter consists of a variable condenser having a
range of from 50 to 1 000 micromicrofarads and two coils of
300 and 100 microhenries respectively. If the coils are fixed
so that their mutual inductance is 25 microhenries, what
range will the wavemeter have when the coils are used (a) in
series aiding, (b) in series opposing, (c¢) in parallel aiding, (d) in
parallel opposing? (I.E.E., Nov., 1933.)

10. Describe the construction of simple type of wavemeter
suitable for measuring the wavelength of a spark or I.C.W.
transmitter. How would you use such a wavemeter in con-
junction with a buzzer and inductance to compare the capaci-
tances of two condensers? (C. & G., Prelim., 1935.)

11. Describe a simple type of resonance wavemeter. If the
condenser of the wavemeter is variable from 50 to 450 micro-
microfarads, calculate the values of the inductances required
to permit the wavemeter being used over a wave band of from
100 to 2 000 metres. (C. & G., Prelim., 19317.)

12. Describe a suitable type of wavemeter to give an
approximate check upon the frequency of a short-wave
{transmitter. (C. & G.,/2, 1941.)

44. TELEVISION

REFERENCES. Television, by Reyner (Chapman & Hall),
Television, by Zworykin and Morton; Principles of Television
Engineering, by Fink; Television Engineering, by Wilson.
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The frequency band required for a picture scanned along
its longer dimension is
f = pirf2

where p = rate of picture repetitions,
! = number of scanning lines per picture,

r = ratio of longer to shorter dimension of the
picture.

EXAMPLES 44 -

1. Find the frequency band necessary to be transmjtted in a
30-line scanning system with a picture ratio of 2-4 and a scan-

ning Sé):;y[ 125 per sec. \
2. ctulate the permlssﬂ)le scannmg speed per second for
a 60 by 72 element picture to keep the frequency band within

45 kilocycles.

3. Determine the wavelength for the transmission of a
120-line system, with a picture ratio of 4/3 and 20 picture
repetitions per second if the frequency band is to be about
0-45 per cent of the carrier frequency.

4. Assuming double side-band transmission, calculate the
band width necessary in a 405-line system with 25 pictures per
second and a picture ratio of 4/3.

45. ACOUSTICS

REFERENCES. Applied Acoustics, by Olson & Massa
(Blakiston); Modern Acoustics, by Davis (Bell); Acoustical
Engineering, by West (Pitman).

The reverberation time for a room in which the av erage
absorption coefficient is less than 0-2 is given approxi-
mately by Sabine’s formula—

T — 005V 005V i
T a8, agS 4 - .. Zaf NE
where V = volume of room in cubic feet.
a,, a, = absorption coefficients of the various surfaces
of areas S;, S, square feet.
For rooms in which the average absorption coefficient is
greater than 0-2, use may be made of Eyring’s formula—

00217
 Slog(l -a)

5—(T.35)
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a8 +ayS; + . ..
S+ 8, + .
andS=8+8+ ...
or Millington’s formula—

where a=

T 0021V
S, log(l —a;) 4 Sglog(l —a,) + . . .
0021V
= " 3ZSlog(1-a)

EXAMPLES 45

1. An auditoriumn has a volume of 260 000 cubic feet. The
concrete floors occupy 9 600 square feet, the plaster walls and
ceiling 26 000 square feet, curtains 800 square feet, and wood
seats 7 500 square feet. The absorption coefficients of the
materials are 0-015, 0-033, 0-25, and 0-04 respectively. Cal-
culate the reverberation time of the hall when empty.

2. The auditorium in the preceding problem has a scating
capacity of 1500. Assuming that the absorption of the
audience per person is 4:7 units, calculate the reverberation
times when the hall is (1) one-third full, (2) two-thirds full,
and (3) full.

3. If the seats in the hall of the preceding questions are
upholstered to raise the absorption coefficient to 0-3, find the
reverberation times of the room when it is (1) empty, and (2)
two-thirds full.

4. A room 21 feet long, 18 feet wide, and 8 feet high has its
walls and ceiling covered with material having an absorption
coefficient of 0-7 and the floor covered with material having
an absorption coefficient of 0-4. Find the reverberation time.
using (a) Eyring’s formula and (b) Millington’s formula.

46. MISCELLANEOUS

EXAMPLES 46

1. Write a short account of one of the following—
(a) The quartz-crystal oscillator.
(b) Reception by super-heterodyne.
(¢) Progress in short-wave working.
(C. & G., Final, 1926.)
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2. Write a short account of the causes and effects of corona.
In what respects do these phenomena affect the design of a

wireless station? (I.E.E., Oct., 19286.)
3. Describe the action of one type of frequency changer as
used on a radio transmitter. (C. & @G., Final, 1928.)

4. Describe, with sketches, either (a) any type of automatic
call device, or (b) a Wheatstone transmitter and receiver.
(C. & G., Final, 1928.)
5. What is the Armstrong super-regenerative circuit? For
what range of frequencies is it most suitable? What are the
advantages and disadvantages of this circuit?
(C. & G., Final, 1928.)
6. Describe the effect of eddy currents in conductors
carrying high-frequency currents. State what steps are taken
in practice to minimize these effects. (C. & @G., 1, 1929.)
7. An alternator having a terminal voltage of 120 volts
(r.m.s.) is connected to the primary of a transformer having
a primary to secondary ratio of 1 to 30. A resistance of
5 000 ohms is connected across the secondary terminals. What
is the primary current and what is the equivalent resistance
in the primary circuit? (C. & G., 1, 1929.)
8. Describe the difficulties and advantages of using one
wavelength for several neighbouring broadcasting stations.
(I.E.E.,.Nov., 1929.)
9. Explain how sustained vibrations of a tuning fork may be
obtained without the use of contacts. Outline the design con-
ditions necessary for success. State any uses to which the
device may be put. (L.U., 1930.)
10. Describe some mountings suitable for longitudinal and
for transverse quartz resonator crystals. Discuss the mount-
ings and types of resonator in respect of temperature co-
efficient, uniqueness of response, and effect of atmospheric
conditions. (I.E.E., May, 1930.)
11. Why is the high-frequency resistance of an inductance
coil higher than the d.c. resistance? State the methods that
are adopted to reduce the high-frequency resistance in coils.
(C. & G., 1, 1931.)
12. Describe two types of static frequency changer or
frequency multiplier used for high-frequency transmitters.
What are the advantages and disadvantages of such apparatus?
(C. & G., Final, 1932.)
13. Show roughly by means of a sketch the current density
in a solid cylindrical conductor when carrying a high-frequency
current, and explain the reason for any variation in, density.
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What steps are taken in practice to avoid excessive losses and
uneconomical use of material in high-frequency conductors?
(C. £aG.,1, 1933.)
14. Describe with sketches the construction and method of
operation of any type of automatic alarm device in actual use
on ships. (I.E.E., May, 1933.)
15. Describe the construction of two types of high-value
resistors used for high-frequency receiving circuits. What
precautions are taken in practice to reduce the self-capacitance
of such resistors? (I.E.E., Nov., 1933.)
16. Describe the construction of an L.F. iron cored trans-
former. What effect has an air gap in the magnetic circuit on
the performance of a transformer? (C. & G., Prelim., 1935.)
17. What methods are adopted to reduce eddy current losses
in (a) inductances, (b) iron cores used for L.F. transformers,
(¢) iron cores used for H.F. transformers?
(C. & G., Prelim., 1935.)
18. Describe the principles and mode of operation of any
type of distress call apparatus in use at the present day.
(C. & G., Inter., 1935.)
19. Describe, with a sketch, the comtructlon and action of
a cathode-ray tube. Give a diagram of a circuit for producing
a time base for use with a cathode-ray tube.
(C. & G., Final, 1935.)
20. What is the difference between a potential transformer
and a current transformer? Why must the latter type of
transformer always be worked with the secondary winding
connected across a very low impedance? A transformer
having 1 000 turns on the primary winding and 200 turns on
the secondary winding has a resistance of 250 ohms connected
across the secondary terminals. What is the apparent a.c.
resistance of the transformer and resistance measured across
the primary terminals? (C. & d., Prelim., 1936.)
21. The output from a frequency multiplier contains 4 A.
r.n.s. at fundamental frequency, 5 A. r.m.s. at double the
fundamental frequency and 3 A. r.m.s. at three times the
fundamental frequency. What current would be indicated on a
hot-wire ammeter? (C. & G., Inter., 1936.)
22. Two solid copper wires, one very thin and the other
many times thicker, are of such lengths that their resistance
is the same to low-frequency currents. Would you expect
their resistances to change to the same cxtent at very high
trequencies? Give reasons foy your answer.
(C. & G, 1, 1940))
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47. RADIO SERVICE WORK

REFERENCES. Wireless Servicing Manual, by Cocking;
Radio Service Manual, by Harris; Principles and Practice of
Radio Servicing, by Hicks.

EXAMPLES 47

1. How does an alternating current differ from a direct
current? Define frequency, peak voltage, and r.m.s. voltage
(C. & G., 1, 1938.)
2. The following quantities have to be measured—
(a) h.t. voltage applied to the anode of a valve;
(b) Lt. voltage applied to the filament of a valve;
(c) anode current.

In each case state the type of meter you would use, and give
a suitable diagram of connections. (C. & G., 1, 1938.)
3. A valve connected to a heater circuit and with a fixed grid
bias is connected in series with a 50 000-ohm resistance to
.a high-tension supply of 200 volts. The p.d. measured from
anode to cathode is 80 volts when a voltmeter of 100 000 ohms
resistance is employed. What is the resistance within the valve
between anode and cathode? (C. & G., 1, 1938.)
4. Explain how you would test two of the following com-
ponents—
(a) Low-frequency transformer.
(b) Mica diclectric fixed condenser 0-0005 mfd.
(¢) Medium-wave tuning coil.
(d) A mains-energized moving-coil loud-speaker.
(e) Carbon track potentiometer volume control.
(C. & G., 1, 1938.)
5. A l-ampere fuse is connected in series with the primary
winding of a mains transformer which has 400 primary turns
and 1 000 secondary turns. What would be the open circuit
secondary voltage when the primary is connected to 200-volt
mains? What is the maximum current which may be taken
from the secondary winding before the fuse will blow?
(C. & @G., 1, 1938.)
6. Sketch the essential parts of—
either (a) a permanent magnet moving-coil loud-speaker,
or (b) a permanent magnet gramophone pick-up.
Describe the operation of the example chosen.
(C. & @G., 1, 1938.)
7. How do eloctrolytu, condensers differ from those of the
ordma.ry paper and mica types? What advantage have they?
Under what circumstances are they preferable to other types?
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How would you test an alleged faulty electrolytic condenser of
8 mfd. capacity, designed to work in a 450-volt circuit?
(C. & @G., 1, 1988.)
8. Compare the behaviour of a condenser, connected in a
d.c. circuit, with one of a similar capacity connected in an a.c.
circuit. What effect has frequency upon the result when
considering the a.c. case? (C. & G., 1, 1938.)
9. You are installing wireless apparatus in a house which has
a telephone, hot and cold water systems, gas, and metal-clad
electricity installation. Which of these, if any, would you
employ for your earth connection? Give reasons for not
choosing the others. . (C. &£ G.,1,1938.)
10. Draw a circuit of a diode rectifler valve connected to an
a.c. supply. Show where the d.c. voltage can be measured, also
indicate its polarity. Give an explanation of the rectifying
action. (C. & G., 1, 1938.)
11. Given a multi-range meter, h.t., 1.t., and g.b. batteries,
detail all the tests you would apply to a directly heated triode
valve. Illustrate one of the tests by a circuit diagram.
(C. & G., 1, 1938.)
12. An a.c. receiver, operating from 200-volt mains, employs
four valves of the 4-volt l-ampere class. The total h.t.
(unsmoothed) is 80 milliamperes at 300 volts. Both h.t. and
L.t. are taken from the mains via a suitable transformer. How
many watts does the primary winding consume? Why is the
answer only approximate? (C. & G., 1, 1938.)
13. An indirectly heated valve is self-biased by a 1 000-ohm °
resistance connected between cathode and h.t. negative, the
grid return being taken to h.t. negative. The valve passes
30 milliamperes anode current under normal conditions. What
is the bias voltage developed across the cathode resistance?
If a replacement resistance has to be fitted, would a }-watt
type be satisfactory? Give reasons. (C. & G, 2, 1938).
14. Describe how a moving-coil meter with 100-ohm coil
and a full scale deflection of 1 milliampere ¢ould be made to
read—
(a) 250 volts full scale.
(b) 100 milliamperes full scale. (C. & G., 2, 1938.)
15. Taking as an example a radio receiver with h.f. amplify-
ing valve, detector, and 1.f. amplifier, describe briefly alterna-
tive methods of controlling volume. Illustrate by simplified
circuit diagrams. (C. & G., 2, 1938.)
16. A valve is rated to consume 2 milliamperes at 50 volts,
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The full h.t. voltage is 250. What value dropping resistance
should be employed to operate the valve at its correct anode
voltage? Calculate the wattage of this resistance.
(C. & G., 1, 1939.)
17. The following condensers are available, each of *‘500
volt d.c. working” type—
0-002 microfarad.

0-003 ’
0-005 .
0-006 s
L ed
"3
K3
SRS
<6 =C
w
cr 3R cio
1L it
=C4 i W T2
3 ck2 -
ve £ cre | V4
1 ey
==Ci
e &4,
vchas tLG 3 'G ~
3 rég _Lca R7 e U
s2Ne D 2. S Slsa S VR3
I8 |3
Gl B
4 Vel
- G el
SWITCH KEY rU
Fia. 17
Cl. 01 mfd. VR1. 15 000 ohms
2. 01 " VR2.500000 ,,
oo Ve 00005 fd
04, " 1. mfd. max.
C5. 00001 . VC2. 00005 }G‘“‘led
& o001 " &3' 1{01? Chok
. 0 " K1, oke.
C8. 2 . CK2, HF 100 ohms each.
C9. 50 ,» electrolytic. CK3. Loud-speaker Field 2 000 ohms.
C10. 01 ' HC. Hum Neutralizing Coil.
C1l. 0-0005 ,, T1. - Output Transformer.
C12. 0-002 " Primary 850 ohms.
C13. 8 s, electrolytic. Secondary 5 ohms.
Ci4. 8 . . T2, Mains Transformer,
R1. 35000 ohms. L1. Aerial Coupling Coil.
R4 5000 . L4,  (Tuning Colls. 5"
R5. 10000 Ls. 12,
R6. 650000 ,, Le. Reaction Coil.
R7. 1000 ,, S1, S2, S3 and S4. Waveband and
R8. 100 ,, Gramophone Switch.

R9. 6500000 ,, 86. Mains on/off Switch.
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How can a capacity of 0-004 microfarad be made up from
these condensers? On what d.c. voltage would it be safe to
use the condensers grouped in the way you propose?

(C. & G., 1, 1939.)

18. Isit usual to fit mains transformers in a.c./d.c. receivers?
Give reasons. What special principle is there in connection
with the supply to the heaters of valves in these receivers?
Why is it necessary? (C. & G., 1, 1939.)

19. Sketch the connections to a triode valve when used
as an amplifier. Give a brief description of the amplifying
action. How would negative grid bias be applied and why is
it necessary? (C. & @G., 1, 1939.)

20. There are in general use three methods of radio fre-
quency rectification employing thermionic valves. What are
these methods? Describe one in detail, showing graphically
how low-frequency signals are produced as a result of
rectification. (C. & G., 1, 1939.)

21. What would you say were the three commonest faults
met in—
either (a) & permanent magnet moving-coil loud-speaker,
or (b) a magnetic type of gramophone pick-up?

How would you repair these faults? (Cc. & G., 1, 1939.) -

22. Describe briefly the functions of each valve in the re-
ceiver circuit given in Fig. 17: at the same time suggest suit-
able valve types. Should V1 have any special characteristics?
If 8o, why? (C. & G., 1, 1939.)

23. Which controls affect the volume of signals obtained
from the loud-speaker? How does each of these controls
function? (C. & G, 1, 1939.)

24. A receiver of the type shown is employed in a radio-
gramophone. Satisfactory radio signals are received but the
gramophone does not operate. Give a list of the parts you would
check and indicate the sequence of checking in order to locate
the fault. (C. & G., 1, 1939.)

25. What components in the receiver would you suspect
when— .

(a) No voltage could be measured from anode to cathode
of V2.
(b) The receiver worked satisfactorily on medium waves

but was weak on long waves? (C. & G., 1, 1939.)

26. How would you test three of the following components
used in the receiver shown—

(a) Choke CK1.
(b) Coil L2.
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(¢) Condenser C2.
(d) Transformer TI.
(e) Condenser C9 (electrolytic)? (C. & G., 1, 1939.)
27. A receiver of the type shown is found to operate satis-
factorily on gramophone but receives only the local station on
medium waves. No reception at all is obtained on the long
wave. A universal meter measuring volts, current, and re-
sistance, is available. Detail the tests you would make in their
correct sequence in order to locate the trouble.
(C. & G., 1, 1939.)
28. Calculate the wavelength in metres of the following
frequencies—
(a) 125 ke./s.
(b) 16 Me./s.

What would be the third harmonic of a signal operating on
1 000 metres? (Velocity of propagation = 300 000 000 metres
per sccond.) (C. & G., 2, 1939.)
29. Draw the essentials of a mains operated low-frequency
amplifier, including tone controls for bass and treble. Describe
how each type of control operates on a signal.
(C. & G., 2, 1939.)
30. Many modern receivers are fitted with tuning indicators
which enable the user to tune the receiver to resonance easily.
Describe one of these indicators and show how it would be
connected in a receiver. Can a tuning indicator be connected
to a receiver which does not employ automatic volume control?
Give reasons. (C. & G., 2, 1939.)
31. An indirectly heated pentode is used in the output
stage of a mains receiver. If the anode current of the valve
under normal operating conditions is 30 mA., how is the correct
bias of 175 volts developed across a 500-ohm resistance con-
nected between cathode and h.t. negative?
(C. & G., 2, 1939.)
32, Give a brief description of one of the following test
instruments, and describe the uses to which it might be put in
radio servicing—
(a) All-wave oscillator. (b) Cathode-ray oscillograph.
(c) Valve voltmeter. (d) Audio-frequency oscillator.
(C. & G., 2, 1939.)
33. Describe how you would carry out one of the following
installations. Ilow would you overcome the difficulties that
would arise—

(a) Car radio in a saloon car, where the body and roof
are all metal and coil ignition is employed.
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(b) Speech amplification in a large hall where the speeches
are delivered from a platform at one end, the audience being
divided between the ground floor and a balcony.

(c) A sensitive all-wave mains receiver has to be installed
in a third floor flat of a ferro-concrete building near the
centre of a busy town. There are six floors to the building,
which is fitted with electric lifts. What precautions would
you take to reduce electrical interference to an absolute
min mum? (C. & G., 2, 1939.)
34. Describe briefly the functions of each valve in the

receiver whose diagram is given in Fig. 18. At the same time
suggest suitable valve types. (C. & @G., 2, 1939.)
35. Which trimmer condensers will affect the overall
performance of the receiver on the medium wave band? What
is the function of each of these trimmers?
(C. & G, 2, 1939.)
36. Give a list of components on the attached circuit which
go to make up the automatic volume control circuits. Has
this receiver amplified, delayed, or full automatic volume
control? Explain the action of this form of control.
(C & a., 2,1939.)
37. Describe tests which would check whether—

(a) The low-frequency section of the receiver was in order.

(b) The oscillator was functioning correctly.

(¢) Automatic volume control was operating satisfactorily.

(C. & G., 2, 1939.)
38. How is the required grid bias developed and fed to V5 on
the attached circuit? If the total h.t. current taken by all
the valves is 70 mA., what is the bias voltage applied to V5?
(C. & G., 2,1939.)
39. Describe briefly the functions of three of the following
pairs of components as used in the attached circuit—

(a) C5 and C23.

(b) C6 and C13.

(¢) R2 and C2.

(d) C18 and C16.

(e) TC8 and TC11.

(f) TCb6 and TC1. (C. & aG., 2, 1939.)

40. A battery of 150 volts is connected across a resistance
network of such a value that the current flow is 6 mA. Calcu-
late (a) the value of the resistance network; (b) the watts
dissipated by this resistance. (C. & @G., 1, 1940.)

. 41. Three resistances connected in parallel have an effective
value of 26 000 ohms. Two of these resistances have values of
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between cathode and H.T. negative has a value of 200 ohms?
Give the wattage of the bias resistor. (C. & G, 2,1941.)

The following six questions refer to a radio receiver the
circuit of which is given in Fig. 20.

89. The receiver shown has an intermediate frequency of
465 ke/s. Assume that a signal of 1 000 kc/s is being received
and describe in detail the passage of this signal through the
receiver. (The receiver is connected to a.c. mains.)

(C. &G, 2, 1941.)

90. The receiver (for the purpose of this question) is con-
nected to d.c. mains. What do you consider is likely to be
wrong in the three following cases—

(a) Valves, visual tuner and pilot lamps do not light.

(b) Valves, visual tuner and pilot lamps light, but screen
of visual tuner does not fluoresce, and no signals are heard
at all.

(¢) When receiver is switched ‘“on” the fuse F1 blows.

(C. & G., 2, 1941.)

91. How many valves in this receiver are controlled by
A.V.C.? Give a list of the components which go to make up the
A.V.C. circuit. Is the visual tuner controlled by the same
circuit? Ilow does this type of indicator operate?

(C. & G, 2,1941.)

92. Explain briefly the functions of the following compo-
nents: (a) R21; (b) CK3, C36; (c) R24; (d) C16; (e) C23.

(C. & G., 2, 1941.)

93, Describe the effect each of the following breakdowns
would have on the operation of the receiver: (a) C6 shorting;
(b) €33 shorting; (¢) R20 open circuit; (d) R5 open circuit.

(C. & G., 2,1941.)

94. Give a full description of the correct method of re-
aligning all the tuned circuits of this receiver. What test
instruments are required for this operation, and where should
they be connected? . (C. & G., 2, 1941.)



- ANSWERS TO QUESTIONS

EXAMPLES I
3. 5:09 kW. 5. About 3 uuF. 7. 3 186 uuF. 8. Energy stored in
2 x 1000*

2 x 10¢
= 1 joule. Ans.
Condensers in parallel share the original charge
=(C +C)V,
2 x 1000

S h= 213 = 400 volts. Ans.

condenser = {CV? = joules

>; 400t
7T 100 1%
= 0 4 JOUlBB. Ans.

The difference in energy is due to that dissipated in the spark on
connecting the second condenser.

9. 59 uuF; 3:33 kV. per cm.
10. (a) C = kA/4nd oC 1/d
If d is doubled, C is halved. Ans.

(b) I = VwC. This remains the same, since V is doubled and
C is halved. Hence the volt-amperes are doubled. Ans.

(c) Since the spacing is doubled, the volume of dielectric is
doubled and the volt-amperes per unit volume remain the same. Ans.
11. 2-25. 12, 3-56. 13. 3-12. 14. 0-0005 joules; 0-005 joules.
15. 0-18 uF. 17. 8. 18. w?C?Rr = 1; 79-6 ke./s.

EXAMPLES 2

Total energy after connection =

1.0:35 3 . 2.853 uH. 3. (a) 4712; (b) 1047 ohms. 4. 167 mH.
5. 2:1. 6.21'2 milliseconds. 7. 1113 mH. 8. 1-24 milliseconds.
9. 6 2 ohm 0-62. 10, 0-216 A.; 1-69 A/s. 11. 0-002 sec.

EXAMPLES 3

1, 252, 2. Vo=05600; V,=400; V =100. 8. 0-8uF; 216
ohms. §. 0-14A.; 88° lagging. 8. 1257 kV. 7. 33:63 mA.;
Vo= 0534; Vg = 0 336; V, = 105-4.

3 x 10°

8. When 4 = 1000 m ,/=-——l-07—==3x 10°
Joow = 68r X 108,
wL-i--——ﬁ—-——-l’--soa‘es

wC  6rx x 10® x 0-0016  0-009~w
’ 142
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353-68
Wh =1 . = e e = o
en A 005 m., wL 1608 351-94
1
— = 353-68 x 1-005 = 355-45
0)0
= 35545 - 351°94 = 3-51
Z = \/(R'+ 351*) = 2R
R? + 3-51* = 4R?
oo R = 4/(3-51%3) = 3-51//3
= 2:03 ohms. Ans.
9. 10-61 kV.; 17-68kV. 10. 0:305 A. 11. (a) 585 V.; (b)8-92 V.
N L]

1 108
12. 5 = oo = 1958
L=(10x 5)/(10 + 5) = 10/3H. . wL = 100% x (10/3)

= 10472
X = 1047-2 - 7958 = 251-4
Z = +/(400% + 251-4%) = 4724
100
I= ;.- =02I2A, .
A 4 479.4 0-212 A. Ans

18. 0672 A. 14. 248ohms. 15, 13-78 mA. 17. R = 52 ohms;
L =6mH. 18. 445; 438; 452ke. 19, 0-317H; 632 ohms,
20. 53-2V.;84-7V.; 1-59. 21, 55-1 yH. 22, 70-7V.

EXAMPLES 4
L [R,-@'LCR, + jo(OR R, + D)1 - 0'LC + joC(R, + R))]

1 1 o | 24-170j
o - = 0-0125(30 —
2z so3oc + 24 1 70; BY + saon
o .. . , 24-170j
0-0125 cos 30° + 0-0125j sin 30° + 5476
= 0:010825 4 0-00625j + 0-004382 - 0-01278;
= 0-01521 - 0-00853j
—— 1 001521 4- 000653
* % 7 0-01521 - 0-00853j  0-01621* 4 0-00653*
= 55-48 + 23-84j. Ans.
The modulus is4/(55-48?% 4 23-84') = 60-38 ohms. Ans.
3. [(C + K)/CPR. 4. 0-8 volt. 5. 1-59 A., leading 3° 26".
. — 0:16 H, (the coil is condensive); 0-5 megohm.
7. Let r and I be the required resistance and inductance respec-
tively. i )
; 1 jolr jolr(r - jo
Then 2=l “rfjol~ ol
= (jolr* + w'l*r)/(r* + w¥?) = R + joL
5 R = aWr)(r' + oY) L = irf(r* + o'P)
RIL = w¥fr . .| = Rrfw’L
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8olving these equations gives r = R + w!L'/R
!l =L 4+ RYw?L. Ans.

8. 318; (a) 5-37 x 10¢; (b) 10® ohms.

9. 0-212mA.; 0-377mA.; 0-165 mA.
10. 176-3 ohms.; 6:635 mH.; 0-0085.
11, 56-9 ohms. 12. 0-922 A,
13. 63-5 mA. lagging 86° 22’; 4-09 mA. lagging 8° 5'.
15. 70-7; 92-8 ohms respectively. 16. 0-142 A. 17, 961 V.
18. 33-:3 mA. lagging 90°. 19. 200 V.; 4 A.; 3 A.

EXAMPLES 6§

1. 145-3ke.; 1 A, 2, 4926 uH.; 321-4 uuF.
8. 0:721 kW.; 10-13 uF. in series; 2-5 kW.
4.1 333 metres. 596 metres. 5, 97-44 kec.s. 6, 50 ohms.
. 1061 ke./s.
1 . R + jwL
= <4 = ———
82 =fmyiel Tj00 T B+ i@l = 1o 3i0 T juCR
R4 oL + R + jwL
=m_)+}z+jw[,=f’_[i__]_+3+jwb

*wCR wCR
=R+ gp+i(el-g5) =R+ g

Hence, resistance is R + L/CR; reactance is zero. Ans.

9. 1-250hms; 8:94mA 10. 34. 11. 4, =1 334 m.; A, = 436 m.
12. 0-507 pH. 13. 3-33 pF.; 3-04H.; 637 ohms. 14, 103-326 m.
15. 0-5; 9-19 muF.

EXAMPLES 6
1. 538 ke./s.; 207-6 volts. 2. 1 mA.; 0-998 mA.; 60 uxA.
8. Now 6 = R/2fL .. R = 2fLJ
Impedance of circuit Z = L/CR
.. p.d.acrossit = LI/CR =V
Current in condenser = VwC = LIwC/CR =LIw/R
= 2nfLI{)2de = nll§
© X 10 x 100
== W = 1'571 A. Anes.
4. 2619 uuF. 5. 6670; 1960; 1870 ohms respectively.
6. 10%. 7. 993 uuF.; 1013 yuF.
EXAMPLES 17
8. 36 760. 10. 454 ohms. 11. 127 xH.; 8:04 ohms; 0:0101.
EXAMPLES 8 .
1. 433 A. 2. 291 %. 3. 494 %. b. 63-66 uH. 6. 0-628 volt..
7. Now f = 1 - 10 - 10¢
‘ 2r4/(LO) 2m+/(1700 x -001)  2m4/17
= 122:1 ke /8.
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2 2 :
ko= VR R 1176
V(1 + k = 411176 = 1-057
V(1 - k) = 4/0-8824 = 0-9393
122-1
L fi= o5 = 1156-5 ke./s.
fo= Olggglg = 130 ke./s. Ans.

9. (a) 450 uH.; (b) 2560 uH.; (c) 90 uH.; (d) 50 uH.
10. Now e = oMI = 21t X 105 x 10—¢ x 10?

= 20w
Z = 4/(16 4 16n3) since X = 21 X 10 x 20 x 10—¢
= 47
= 44/10-87
207 <
= “——‘/lm = 4-765 A. Ans.

1. Z=R, +

13. Primary 7-94 A.; secondary, 3-67 A

14, 0-88 mA. 15. 12 4H.

16. 159-2 ke.; primary, 99 mA.; secondary, 0-99 mA.

17. 848. 18. 0:158 A. 19. 80 kc.; 5mA.; 0-125 mA.

21. 122:5 ohms. 22, 0-03; 10-7 ke./s.; 15-1 ke.js. 23. 1820 ohmas.
24. 0-25 A. 25. 10:35 mA.

EXAMPLES 9

coMR, (x w’M’X
1

3. 43. 4. 41.
6. 6 = nR+/(C/L) = = X 154/(-:01/1 000) = 157/1004/10

= 015
N==1+4061055=1+30'7 =311

= - /1000 x 01 _ 2
t = 2n4/(LC) = 2n Tov % 108 Tob
= 0-634 millisecond. Ans.
. 93. 7. (i) 0-:0147; (ii) 0-369 millisecond; 314; (iii) 1 067 ohms,

20 ohms.

EXAMPLES 10
. 0-0133 H. 11. 10 kW.
Now §C¥1 = §LI3
ZPL= V0 025 « 10
. X
. 4 — e
=V =2 0% e
=2 x 10%/25 = 3 162 A. Ana.
f=1/2r/(LC) = 1/2m+/(10~9 x 0026 X 10=%) = 10¢ cycles. Ans.
4. 4-4 mH.

e o
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EXAMPLES 11
4. (a) 20; (b) 10.

EXAMPLES 12
3 /a%(1 — cos 2pt) + b‘(l — cos 2qt)]

[2ab {cos (p - g)t — cos (p + q)t}]
5. Let the equation of the rectifier characteristio be
t=a + bv 4 cv® 4 dov’
Then dijdv = b + 2cv + 3dv*
dY/dv® = 2¢ + 6dv

Hence rectified current is E*c¢ + 3dv) where v is the no-signal grid
voltage. Ans.

h'n—

ax
dv?
+

EXAMPLES 13

8. Bince the valve amplification factot is 7, a change of V volts on
the anode is equivalent to a change of V/7 volts on the grid for a
given anode current.

Hence at the anode potential of 150 volts, the anode current will
be 1-0 mA. at a grid potential of (50 — 150)/7 = — 14-3 volts.

Similarly for each other anode current, giving the curve—

Anode current, mA. . .| 10 | 35 | 65 | 938 | 101

Grid potential, volts . J-143| -71 0 7-1 14-3  Ans,

9. At zero grid voltage, the anode current changes 5 mA. for
30 V. change on the anode.

Hence internal impedance = 3'_()x_5u)_(20 = 6 000 ohms. Anas.

The anode current is 10 mA. when V, = 0, V, = 100, and also
when V, = -5, V, = 130.

Henco amphﬁcanon factor = 30/5 = 6. Ans.

For a constant anode potential of 100 volts, the anode current
changes 2 mA. for a change of 2 volts on the grid.

Hence mutual conductance = 2/2 = 1 mA. per volt. Ans.

12, 10-7 21, 5:3; 4'3; 3-2mA. 23. 15000; 13 000 ohms
respectively. 25, 15 700 ohms; 5-96; 0-38 mAJV. 26. 6-15mA/[V.
27. (a) 0-39; 0-64; 0-91; 1-18; 1-48; (b) 0-15; 0-23; 0:3; 0-39;
0-45mA. 28. 1-5mA./V. 29, 183 V.

EXAMPLES 14
R
8. by, Tt

R = 0-94/(R? + X?) i.e. R = 0-81R* + 0-81X?
5 YwC = X = R+/(0-19/0-81)
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C = 101 0_'8.} (P
21 x 10° x 0-1 x 104/ 0-i9 ##*-
= 32-86 uuF. Ans.

9. cE*R[[1 + 2cR(e, + v)] where ¢ = c(e, + v)* represents the
equation of the curve and e, is the pre-signal grid voltage.
10. 1-72 mA.

12. Let the characteristic be represented by

‘ i=a( + o)

Then 8 =: ab?

also 2 = a(b - 5)?

. by division, 4 = [b/(b - 5)]3

"1-5/b= + 1/2and b = 10/3 or 10

The value b == 10/3 is inadmissible.
5 a'= 8/100 = 0-08

Now difdv = 2alb + v) and d¥[dv?® = 2a = 0-16
52
‘. Rectifiod current I = ' x 016
= 0-18 mA, Ans.
14. 04 mA.

EXAMPLES 15
V1. (@) 0-95; (b) 2380); (c) 0-42 MQ. 2. 0-85 volt. 3. 2-25.

4. (1) Amplification = . IT%,}
25 x 30 000
I .
9 : ion = 4.
(2) Amplification = g T, R
_ 25 x 5 x 102
T BEx 1091 3x 108 x 001 x 10-9x 25
= 2174. Ans.

5. (a) X =wL = 2r x 100 X 10 = 2000%
7 X 3 X 20007

T V(49 X 10° + 4n® x 109)

= 427/1/88-48 = 14. Ans.

(®) X = oL = 21 x 400 X 10 = 8 000%
7 X 3 X 8000w

= V(64 x 10°? + 49 x 10°)

= 1681/4/680:7 = 20:2. Anes,

B
. m

m
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8. 10 volts. 10. 45-8. 13. 5:75. 14. 1266 uuF.; 13-45; 0-447.
15. 26-5 decibels. 16, 10-1.7°17. 34-14; 74-47; 1382; 140.
18. 22:36. 20. 12:5. 21, 14:87. 22, 5000 ohms.

24, (a) 113 db. (b) 70 db.

- I3 _ 20
26. (o) ™= {¥eCRIL 1+ %

= 13:33 Ane.

(B) = 9x 10°y/10 wL = 9004/10 1/wC = (10004/10)/0-9
L 200-900jy/10 0
Z 4% 108 4 81 x 105 7 10004/10
P _ o[ 200-900jy10 95
Z= " [ 814 + 09510
= 0-6142 - 1-625j
0
om o= 20 = 873 Ana.

B S S
1+ (p/Z) 1-614 — 1-625)
31. 8:5; 20000 ohms. 34. 27-7V. 36. 9-68. 37. 14:87.

38. 8-14 A; 0-8 neper.

39. The actual circuit is equivalent to one in which the secondary
resistance R is replaced by a resistance R/T? in parallel with the
primary inductance I, where'T is the transformation ratio. This

parallel circuit therefore forms the load impedance of the valve.
Then m = uZT[( p + Z) = pT/(1 + p|Z)

uT
1+ p[T*R + l[joL]
40 x 3
—_— e
1+ 3 x 10
+3x [5x10‘+2nfx30j]
120
1-54 ~ (5004 /=f)
) 120
_ 120
1-564 — 1-5925
120
= V{rse F Teemy — OobI8 Ame
If f = 10000, m = 120/(1.54 - -0159;) === i%g

= 77-93 Ans.

40. (a) 2.3 mA.; 1-38V.; (b) 0-408 mA.; 0-245V.; 0-707; 1-414.
41. 0-913 A. 42. The latter, which gives 14-3 compared with 13-3.
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43. 4-43. 44, 22-1. 45, 0-87TW. 46, 1-97 mA./V. 47, 190; 33000

ohms; 5-8mA./V.; 3-3W.; 0-679%,. 48. (a)20-3; (b)5-0. 50. 183.
8L (a) 532; () 467. 52. 9.3 db. 58. 7. 541267 uF.; 269;

EXAMPLES 16
7. 10kW. 11. 0-18 mH. 17. Now J = nR+/(C/L)
. : . I, c 1
.. Fractional amplitude = T R «/ I T
1 4 x 10% 1
=3 54/<' 10° )'4—1

5% 2 1

T IX10° X3~ 600 4™
18. 40-69%,; 6-32kW.
23, Now alteration in resistance == gM/[C
Butp =gp
*. Alteration in resistance = uM/pC
10 x 2 x 10
“EXI0 x5 k3~ ¢
= 13} ohms. Ans.

25. 123 uH.; 822 uuF. 26. 5 mH.; 0-006 uF. 27. (1) M = 30 uH.
(2) M = 32-7 uH. 28. 0-402 of coil from cathode end. 28. 84-1 pH.
30. 2:5 uH.; 822 ke./s.

EXAMPLES 19
8. 1'6to 1.

2 2,
9. Nowi=o. &

2" dvt
= E2/2(1 + m cos nt)? cos*wt X 2¢
= E%(1 4 m?3 cosnt + 2m cos nt)(cos® wt)
= E%[1 4+ (m3/2) (1 + cos 2nt)
+ 2m cos nt] [(1 + cos 2wt)/2]
. Audio output = (cE¥2) [(m?/2) cos 2n¢ + 2m cos nt]
= cE¥(m3/4) cos 2nt + m cos nt] Ans.

poLV,
10. Now V =
0 pav/[1 + L1/ py + 1/ pa)*]
10 X 2 x 10® x 10 x 3

l : l .
L S — —_— )
IO‘JI 1 4 472 x 10® X 10 (5 104 + Tx lO‘) I

807
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13. 44 000 ohms. 18, 77-5%. 21. 100 B; 15 kW. 28, 0-88 m4.,
rms. 25, 144 kW. 28 Power in both side bands = 0-18 power in
carrier. 29. 71-3%. 80. 64-89,. 81. 6-259%,.

EXAMPLES 20
14, 8-94kV.

EXAMPLES 22
8. 4:71 volts.

. EXAMPLES 23
2. 4-115 decibels.

EXAMPLES 24

2. Now  F =300y W/d
_3004/100
= m volts per metre
= (3/100) x 10% xV./metre
= 3 X 10* uV./metre. Ans.
3. 0-00076.

4. 1/3 x 10~ % lines per cm?.

EXAMPLES 25
8. 2-85 kW. 8. Efficiency is increased to 3-3 times.
. 5TkW.; 25-19,. 9. lOOohms
10. 74 uH.; 950 uuF.; 500 m.; 0-396 kW.
11. (i) Radiation rosistance = 1-76 X 10™8A3f2
(1-76/10%) (200 x -3048 x 480)
15-07 ohms. Anas.

(ii) Power radiated = I%
. = 502 X 1507 watts
= 37-68 kW. Ans.
(iii)  Efficiency = (15-07/50) x 1009%,
= 30-149,. Ans

13. 50 kW.; 174kV. 14. 0-158 ohm. 15, 13-9%. 18, 33,.

EXAMPLES 26

1. 29°. 4. 23°. §. 15°18’. 6. 4-5db.; 3db. 7. If the comparison
field = F., that due to the combination is (1) 2F.; (2) 0; (3)
1-956 F. 8. (a) 0-707; (b) 0-209. 10. 6 db.

EXAMPLES 27
1. 96-5mV. 2, (1) 80mV.; (2) 2-51 mV.
3. Now 1 =1 885 \/(LC) 300 = 1885¢/(L x 250 x 10-9)

L= (fgm) * g = lovuH
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Inductance of loading coil = 81-4 uH.
Reactance of loading coil = 2w x 10¢ x 81- 4 X 10—¢
= 511-6 ohms
If h is the effective height in metres
Then e.m.f. = 5h mV.
current = 5h/25 = h/5 mA.
P.D. across coil = (h/5) X 511:6 = 1 000
. h. = 1000/102:32=:9-77 metres. Ans.

5. 31:07 volts. 6. 21-76 mA. 7. 19-6V.

EXAMPLES 28
1. 132 pA. 3. 0-959 volts. -
4. Now E = (2nFAN/[A)cos 0
_ 2m x 3 X 10* x 10 X 0-7071

10° X 108 volts.
=133 uV. Ans.
6. Now = 1/2n/(LC) .. L = 1/4n¥?C
1013 h
= 4 x 109 x 10° enries
= 100/4%® = 2-53 mH. Ans.
~ Again = 22{1491 cos O = ecos 0
e e
Then I=2°°59&“dEc—'Z—w—C°°56
(i) Z=R; 0 =45° C, = 1000 uuF.
e
- Bo= wRC,v/2
(i) cos 0 =1 Cy =990 uuF.
N L=t - 1% 500
ow OY =00, T m x 108 x 108
1 1012
wC; ~ 2m x 105 x 990 1607:5
. X =16
B, = : :

wC, /(R + 16%) ~ wRC,v/2

. V(R' 4+ 16Y)  Civ2 _ 1000v/2
.e R , - B

0, = T990

16
. R==7m=1560hm8. Ans.
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7. 0-316 volts. 10. 0-257 V.; 0-272 mA. 11. 2:09 mV.
12. 707 mA. 13. 0-227mV. 14, 1973 uV. 15. 87-6 uV.
16. 296 mV. 17, 0-048 V./m. 18, 0-568 V.

EXAMPLES 29

1. 377 metres; 1000 uH. 2, 443 uuF.; 28-6 uH. 8. 2-08 mH.
4. 1-523 mH.; shunt capacitanco of 0-0102 uF. 5, 314 uH.;

49-2 puuF.
EXAMPLEY 30

1 11° 28",
EXAMPLES 31
1. 76 1b.
3. Windload = 31’2‘_11_;19_@ = 3000 Ib.
Safe tension T = /(22 400* — 3 000%) — 22 198 Ib.
Now w=2+ g— = 3-5 Ib./ft.
36 x 1200 x 1200
. —_— 2 _—_-
- Sag = wlf8T = —— = 53108
= 284 feot. Ana.

4. 250. 6. 25-2ft. 7. 12651b. 8, 441b.; 7-36in.; 8:36in.
9. 15 590 Ib.-ft.
EXAMPLES 35
6. Now U = vjo
= 10%E[/Aw, since E = Av[10*
= 108w LI[Aw since E = wLI
108 x 0-2 x 10 x 1-414  0-2828 x 10°¢

s Amplitude = 10004 = 4
Now A=DBl=5000x 3 x 10¢
. U= 0-2828 x 10° _ 0-2828 em
" 6 x 10 x 3 x 10% 150
0-2828

mm. = 0-0189 mm. Ans.

=715
12, Telephone receiver current would be 2-97 times speaker current
13. 100 ohms; 0-16 H. 15. 989¢/s. 16, 4 = 6-37 x 10% dynes/
amp.; r = 253 dynes/cm./sec.; m = 106 gm.; s = 41-7 x 10¢
dynes/cm.
EXAMPLES 36

8. V(R + joL)(jwC); 1my/(LC).

7. S8hunt resistance, 421 ohms; each series resistance, 313 ohms.

8. 6-91 nepers.
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9. Each series element = 31-8mH.
Shunt element = 0-177uF.
10. Series, 294 ohms; shunt, 12 ohms.
11. Each series element of a T-section, 0:0133 uF; shunt element,
2:39 mH.

12. 95-6 mH.; 0-265 uF.

1. Zp = e + 222,

14. (a) Each series element, 95:5 mH.

Shunt element, 0-53 uF.
(b) Series element, 191 mH.
Each shunt elggpent, 0-265 1 F.

15. (a) Each series inductance, 120 mH.
Shunt capacitance, 0-667 uF.

(b) Series inductance, 240 mH.
Each shunt capacitance, 0-333 uF.

16. (a) Inductance of each series arm, 72 mH.
Inductance in shunt arm, 64 mH.
Capacitance 1n shunt arm, 0-4 uF.

(b) Inductance in series arm, 144 mH.
Capacitance in series arm, 0-178 uF.
Capacitance of each shunt arm, 0-2 uF.

17,
72mH 72mH
192mH 792 mH 240mH
128mH 128mH . !
02uF m’ 02ufF gggf 0\53;:;]- 33‘55
(o T ‘ Tﬂ o, ’ ¢ -0
(@) ()]

18. (a) Each series element, 0-133 uF.
Shunt element, 23-9 mH.

(b) Series element, 0-0863 uF.
Each shunt element, 477 mH.

19. (a) Each series capacitance, 0-333uF.
Shunt inductance, 60 mH.

(b) Series capacitance, 0-167 uF.
Each shunt inductance, 120 mH.

20. (a) Capacitance of each series arm, 0-556 uF.
Capacitance in shunt arm, 0-625 uF.
Inductance in shunt arm, 100 mH.

(b) Inductance in series arm, 225 mH.
Capacitance in series arm, 0-278 uF.
Inductance of each shunt arm, 200 mH.

6—(T.35)



154 PROBLEMS IN RADIO ENGINEERING
21

: 12wk e H2mH
0-208 0-28uF o
02HE  60mH 024 0556 0
: %Mp | ‘,::: g% :,fff
o - Tf’o [o, L4 o
(a) (®

22. (a) Each series inductance, 31-8 mH.
Each series capacitance, 53-9 yyl‘;.
Shunt inductance, 9-7 pH.
Shunt capacitance, 0-177 uF.

(b) Series inductance, 63-7 mH.

Series capacitance, 27uuF.
Each shunt inductance, 19-4 uH.
Each shunt capacitance, 0-088 uF.

Each inductance in series arm, 35:4 mH.
Each capacitance in series arm, 0-4 uF.
Inductance in shunt arm, 49-7 mH.
Capacitance in shunt arm, 0-283uF.
(b) Inductance in series arm, 70-7 mH.

Capacitance in geries arm, 0-2 uF.

Each inductanceé in shunt arms, 99-5 mH.

Each capacitance in shunt arms, 0-141 uF.
24. 712 c/s. 25. 14db. 28. 12db. 27. 19-1 db.; 135 ohms.
Series resistance, 2970 ohms; each shunt resistance, 733 ohms.
. Series elements, 245 ohms; shunt element, 121 ohms.
., Shunt resistance, 242 ohms; each series resistance, 982 ohmas.

EXAMPLES 37

23. (a

-~

288

r‘

424-6 A.
EXAMPLES 38
1. Now 10log (Wy/W;) = 16 = 20 log (V,/V;)
s log VofV, =08
VsV, = 6-31. Anas.
2. 633 ohms; 4 decibels. 4. 1092 ohms at w = 5 000.
5. 548 ohms. .
8. Two quarter-wave lines, one having d = 0-06in., s = 18 in.
in series with the antenna; the other, d = 0-5in., s = 5 in.
10. 600 ohms; S/r = 18. 11. A transformer of turns ratio 1:47.
12. 600 ohms; parallel-wire line with §jr = 34-4. 18. 83-1 ohms.

14. 100 /30° ohms. 15. 72-4 ohms.

EXAMPLES 39
3. 102 uH.; 10877H. 4. 6-3 uH. 5. 7 uuF. 6. 1-3 uuF.






