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PREFACE 

This book has been prepared, to a large extent 
for students interested in the City and Guilds of 

London Institute Examinations, and for this reason 
part of the introductory chapter has been devoted to 
Syllabuses of Grade i, 2, and 3, enumerating the subject 
matter that the candidate may expect to encounter 
in the various grades. The Summary of Formulae 
at the end of this Chapter is an indispensable feature, 
and it is essential that every student should make a 
close study of this section if he wishes to succeed. 

There is a good deal of information in the solutions 
to theoretical and experimental problems given in the 
book that is certain to prove of real value to Post 
Office Engineers, Radio Engineers, and indeed to any¬ 
one with an interest in the technicalities of Electricity 
and Radio Communication. The time allowed to 
answer questions set at the City and Guilds of London 
Institute examinations is thirty minutes, so every 
endeavour has been made to model the solutions to 
questions accordingly. The solutions are not, of 
course, meant to be just read through; the student 
should work each problem for himself; comparing his 
own solution, when complete, with the one given in 
the book. 

It is strongly recommended that any reader with 
the facihties for so doing, should carry out the experi¬ 
ments detailed in the final chapter, including the plot¬ 
ting of the associated graphs where these are indicated. 

W. T. PERKINS. 

R. W. BARTON. 
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RADIO - COMMUNICATIONS 

CHAPTER I 

INTRODUCTORY 

CITY AND GUILDS OF LONDON INSTITUTE 

SYLLABUSES IN RADIO COMMUNICATION 

GRADE 1 

Questions may be set with the object of testing the 
candidate's knowledge of the elementary electrical 
principles applied at this stage of radio-communication, 
and his ability to deal with problems and calculations 
based on these principles in addition to the questions 
more directly concerned with the following subject 
matter: 

1. Construction of transmitting and receiving 
inductors. 

2. Capacitance; construction of fixed and variable 
condensers for low voltage, fixed condensers for high 
voltage. 

3. Qualitative treatment of eddy current loss in¬ 
cluding skin effect in conductors, and of dielectric 
loss in condensers. 

4. Construction of two-electrode and three-elec¬ 
trode thermionic valves; principles of action and 
characteristic curves with application to non¬ 
reactive load. 

5. Detecting devices for small alternating poten¬ 
tials ; contact rectifiers and valves. 

6. Construction and action of telephone receivers 
and electromagnetic loud speakers. 

7. High-frequency and low-frequency thermionic 
amplifiers, essential principles of action. Causes of 
distortion. 
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8. Simple circuits of radio receivers including use 
of retroaction. Qualitative ideas of selectivity. 

9. Use of loop aerial for reception and direction 
finding. 

10. Qualitative treatment of simple valve oscilla¬ 
tor. 

11. Simple wave-meter. 
12. General principles of heterod5me reception. 

GRADE 2 

More difficult questions on the subject-matter of 
the Grade i Syllabus may be set in this examination, 
in addition to questions on such subjects as the fol¬ 
lowing: 

1. Elementary ideas of the radiation and propa¬ 
gation of electromagnetic waves and of the properties 
of transmitting and receiving antennae; simple com¬ 
putations neglecting absorption and reflexion. 

2. The theory of coupled circuits and their applica¬ 
tion to the problem of selectivity. 

3. The generation of oscillations in a valve circuit. 
Self-oscillating and master-controlled valve trans¬ 
mitters for C.W. and I.C.W. Neutralising circuits; 
Simple spark transmitter. 

4. The modulation of valve transmitters by 
keying, tone and speech. Sidebands. Frequency 
bands necessary for various modulation systems. 

5. Construction and action of devices for rectify¬ 
ing alternating current for H.T. supply. Smoothing 
circuits. 

6. Transmitting valves including cooled anode and 
demountable type valves. 

7. The reception of C.W. and I.C.W. telegraphy 
and of radio-telephony signals, Superheterodyne 
and super-regenerative receivers Methods of mini¬ 
mising interference from atmospherics and un¬ 
wanted stations 

8. Multi-electrode valves and their uses, including 
the cathode ray tube. 

9. Schematic arrangements and principles of 
2 



operation of radio telephone channels connected to 
landline circuits. 

10. High Frequency measurements of current, 
voltage, resistance, inductance, capacitance, fre¬ 
quency and field strength. 

11. Decibel and neper. Simple computations, T 
and H type of attenuators and their applications, 
design of simple sections. 

12. Interference with radio reception by industrial 
and domestic electric plant. Devices and circuits 
for preventing or minimising such interference. 

GRADE 3 

More difficult questions on the subject-matter of the 
Grade i and 2 Syllabuses may be set in this examina¬ 
tion in addition to questions on such subjects as the 
following: 

1. General properties of electro-magnetic waves 
radiated from an antenna. Polarisation. The effect 
of the earth and ionosphere on the propagation of 
radio waves. 

2. Simple antenna and antenna arrays for long 
and short waves. Diversity reception. 

3. Radio-frequency transmission lines; inductance, 
capacitance and characteristic impedance of such 
lines. Reflexion. Standing waves. Impedance 
matching. 

4. Direction-finding systems for fixed and mobile 
stations. Causes of error and their elimination. 
Bellini-Tosi, rotating loop and Adcock systems. 

5. Simple treatment of electric wave filters. 
Image impedance and propagation constant of non- 
dissipative sections. Design of protot3^e sections 
from given formulae. 

6. Constant frequency oscillators including piezo¬ 
electric and tuning-fork control. Thermostats. 

. Long and short wave transmitters employing fre¬ 
quency control. 

7. The theory of detection using non-linear de- 
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vices. Distortion in detectors. Frequency changers. 
Power grid and diode detectors. 

8. Inter modulation and distortion in amplifiers, 
Class A, B and C amplifier. Push-pull amplifiers. 

9. The balanced modulator. Suppressed carrier 
single side-band telephony on long waves. Appro¬ 
priate transmitting and receiving circuits. 

10. The connexion of radio-telephone links to land¬ 
line telephone circuits. Technical operation, posi¬ 
tion and equipment including monitoring amphfier 
volume indicators, transmission-measuring equip¬ 
ment and singing suppressors of electro-mechanical 
and thermionic types. 

11. Overloading limiting and automatic gain 
control on receivers. 

12. Attenuation equalisers on radio channels and 
tone control of radio receivers. 

13. Electron valve oscillator (Barkhausen effect). 
14. Underlying principles of design of high-fre¬ 

quency apparatus and components for transmitting 
and receiving and measurement purposes, including 
inductors, condensers, insulators, resistors, attenu¬ 
ators, etc. Special considerations in dealing with 
high-power stations. 

SUMMARY OF FORMULA® 

GENERAL AND D.C. CIRCUITS 

Below are given the chief formulae required in con¬ 
nection with the subjects of electricity and Radio¬ 
communication. 

1, Resistances in series. 2?r == R, + -Rs 
Rt is the combined resistance 

and Ru Ra» Q^re the resistances so connected. 
I I I I 

2. Resistances in parallel n" = '^ + d" + b- 
i\f Jl\.i /\j 
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3. Equal resistances in parallel. === -^ 

n is the number of resistors so arranged. 

4. Two resistances in parallel. == 
/Vl + 

5. Condensers in parallel. = Ci + C» + Cs 
Ct is the combined capacity 
and Cl, Ca, Cs are the condensers so arranged. 

6. Condensers in series. ^ ^ 
C/jp Ui ^2 ^8 

7. Equal condensers in series. C^ = ~ 

^ is the number of condensers so arranged. 

C X C 
8. Two condensers in series. Cy = -7^-- 

Ci + C 2 
9. Inductances in series. 

Lt = Li + T2 + Ts 
where Lt is the combined or total inductance. 

Lu Lz, and La are the respective inductances. 
10. Inductances in parallel. 

11. Impedances in series. 
Zt = Zi + Zz + Za etc., ohms, 

where Zt is the combined impedance of the individual 
impedances Zi Zz and Zg 

12. Impedances in parallel. 

13. Ohm's Law. 

where I is the current flowing in amperes. 
E is the electromotive force (E.M.F.) in volts. 
Rt is the total resistance of the circuit in ohms. 
J?2. == i? + r where R and r are the external and 

internal resistance in ohms. 
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13a. Power in Watts (P). (D.C. Circuit). 

P = /“P or P X / or ^ 

14. HecU dissipated, 
H = 0-24 I^Rt 

or 0*24 Eli 
or 0-24 EQ 

E^ , 
or 0-24 t 

{Calories.) 
H is the heat dissipated in 

calories. 
I is current in amperes. 
t is time in seconds of current 

flow. 
Q is the quantity (coulombs). 

R is the resistance of the circuit. 
15. Work done or energy. {Joules.) 

W = Elt or EQ or I ^Rt 
£2 

or ^'2 joules = i calorie. 

16. The variation in resistance of a wire with 
temperature. 

Rt== Ro{i 1) 
where as in if«is the resistance of the wire at t^c. 

-R® ,, „ M M o^c. 
^ ,, temperature coefficient of the 

material forming the wire. 
t ,, rise in temperature in degrees C, 

17. The resistance of a conductor in terms of length 
and cross sectional area. 

where if is the resistance in ohms. 
I „ length of the conductor in inches 

or cms. 
a ,, area of cross section in square 

inches or square cm. 
p „ specific resistance or resistivity o f 

the conductor material. 
18. Measurement of resistance by the Wheatstone 

Bridge. 

X ohms. 
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where a and h are the ratio arms 
d is the known variable resistance 
X is the unknown resistance. 

19. Secondary cell charging. 

where R is the variable circuit resistance. 
r is internal resistance of the battery. 
I is the charging current. 
E is the charging voltage. 
e is the back E.M.F. of the cells. 
e == 
n is the number of cells to be charged. 

= 2*1 volts at commencement of charge and 
2 *5 volts at the end of charge. 

COILS AND TRANSFORMERS 

20. The inductance of a coil or circuit. 

L = X 10 ^ X io~* henrys 

where t is the number of turns. 
fjL is the permeability. 
a is the area of cross section of the magnetic 

circuit. 
I is the length of the magnetic circuit. 
L is the inductance in henrys. 

21. Inductance of a coil. 
E 

i = /j — henrys. 
t 

where E is the e.m.f. induced in the coil. 
t is the time in seconds for the current to 

change from /j to / 2 in the coil. 
/a — is the current change in amperes. 

22. The Q value or magnification factor of a coil 
or circuit. 

Q = where cu == 27t/ 
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/ is the frequency in c.p.s. 
L is the inductance in henrys. 
R is the resistance in ohms. 

23. Self-capacitance of a single-layer coil. 
C = o.^R to 0.75 R fifjLp 

where R is the radius of the coil in cm. 
24. Self-capacitance of a double-layer coil. 

C = 
o-iSKRL 

d 
HfiF 

where R is the radius in cms. 
L is the length in cms. 
D is the distance between layers. 

25. The coefficient of Coupling (Inductive). 

Is the ratio 
vTi L2 

where M is the mutual inductance. 
Li ,, inductance of the primary coil. 

,, „ „ secondary coil. 
26. Length of wire required for winding an electro¬ 

magnet (circular bobbin). 
(a) / = 2 TTUpq 

where I is the length of wire. 
n is the number of turns. 
p is the number of layers. 
q is the mean radius. 

m-h 

(b) I = - A*) 

where I is the length of the wire. 
d is the diameter of the wire. 
h is the distance between the cheeks of the 

electromagnet. 
Di is the diameter of the core. 
Z), is the diameter of the outer winding. 

27. Energy stored in a coil. 
I*L 

W = joules. 

where I is the current in amperes. 
L is the inductance in henries. 
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28. Force on a conductor in a magnetic field. 
(Application moving coil instruments.) 

17 BlI 

where Bis the density of the field in lines per 
sq. cm. 

I is the length of the conductor in the mag¬ 
netic field. 

I is the current flowing in the conductor in 
amps. 

29. E.M.F. induced in a coil in a magnetic field. 
(Application moving coil instrument.) 

0T 
E = —- volts. 

10®^ 

where 0 is the change in the lines of force linked 
with the coil. 

T is the total number of turns in the coil. 
t is the time in seconds for the linking to 

take place. 
E is the E.M.F. induced in the coil. 

Voltage ratio 

30. Transformers. 

Secondary tiurns 
Primary turns 

^ XX* Primary turns 
Current ratio = ^- 

Secondary turns 
Output voltage = Input voltage x voltage ratio 
Output current = Input current x ciurrent ratio. 

31. Efficiency of a transformer. 

Efficiency = X loo per cent. 

Output , 
Output + losses X per cent. 

32. Power absorbed by a transformer on open circuit 
P — E X I Cos 0 

where E and I are the primary voltage and 
current. 

Cos 0 is the power factor. 
B 



33- Copper losses in a simple transformer. 
I*pRp + /*. R, watts. 

where Ip is the primary current in amperes. 
Rp is the resistance of the primary coil in 

ohms. 
I, is the secondary current in amperes. 
Rp is the resistance of the secondary coil in 

ohms. 

CONDENSERS 

34. Capacitance of a parallel plate condenser. 

C = Electrostatic Units (£s«) 

where A is the area of one plate. 
N is the number of dielectrics 
d is the distance between the plates or the 

thickness of the dielectric, 
and K is the dielectric constant or permitti¬ 

vity 
c is the capacitance. 

Since i microfarad = 9 x 10 * Electro static Units 
^ AKN 
C = -.T : r r- : tiF 

^■nd X 9 X 10' 

AKN X 10* i-ii AKN 
~ 4/Arf X 9 X 10* ~ ^Tid 

35. Capacitance of a cylindrical condenser. 
^ O-2/i Kl ^ 

where I is the axial length in con. 
R is the cylinder outer radius. 
r is the cylinder inner radius. 

36. The charge stored in a condenser Q. 
Q = VC Coulombs. 

.. K , ^ 

S 
V 

and C 

10 



where Q is the charge in Coulombs. 
C is the capacitance in farads. 
V is the potential difference between the 

plates. 
Dielectric strength of a condenser. 

, . . , Breakdown Voltage 
Dielectric strength = -r-i-— 

^ Distance between plates 
Energy stored in a condenser. 

= joules. 

where V is the potential differ¬ 
ence between the plates 

in volts. 

C is the capacity in farads 

Q is the charge in cou¬ 
lombs. 

39. Variation of capacitance of a tuning condenser 
with the angle of overlap 6 of the plates. 

Straight line capacity type C ^ 6 

Straight line frequency type ^ ^2 

Straight line wavelength type C ^ 6^ 

40. A.C. CIRCUITS 

^ z 
where / is the current in amperes. 

Z is the impedance of the circuit. 
E is the E.M.F. in volts. 

41. Impedance. Series A.C. Circuit. 
Impedance Z = 

where X is the reactance in ohms. 
R is the ohmic resistance. 

42. Capacitive reactance. Inductive reactance. 

Z, = -4 Zi = 0)1 

XX 



where 

43- 

44- 

Z, = 

Z. = 

Z. = 

45- 

I = 

or = 

or 

46. 

ioL = 

I = 

47- 

48. 
{«)/ 

o) is the angular velocity, 
cti =* 2 71/ 
/ is the frequency in c.p.s. 
C is the capacitance in farads. 
L is the inductance in henries. 
Reactance with L and C in circuit. 

Impedance of series circuit. 

; * with resistance and inductance. 

,/ 
V + 

2 with resistance and 
capacitance. 

I y with resistance, induc- 
■ j tance apd capacitance. 

Current flowing in a series circuit. 

_ E with resistance and in- 
+ (oiL)® ductance. 

E 
E / / I resistance and 

V + \a>c} capacitance. 

+ 
with resistance, 
inductance and 
capacitance. 

Resonance of an A.C. series circuit. 
i,e. the respective reactances cancel out 

“ a>C and the current is a maximum. 

E 
K 

Resonant frequency = -7=: 
2TTyLC 

Current in a parallel circuit. 
SS3 -y/7 ~ + = 

y®- 
/ I 



Resistance and inductance in parallel 

= 7/ ^,+0**0 

Resistance and capacitance in parallel. 

49. Phase angles. 
The angle of lag of current on voltage in [a) 

is given by 6 

where tan 0 = —y 
<joL 

The angle of lead in (6) is given by tan 0 = ioCR 
50. Power in an A.C. series circuit. 

P = £ X 7 Cos 0 
where Cos 6 is the power factor and E and I are 

R.M.S. values. 
51. Power factor of an A.C. circuit 

- ^ true Watts R 
apparent Watts Z 

52. Current taken by a condenser. 
I ^ wC E 

53. Root Mean Square (R.M.S.) values of current 
and voltage of a sine wave 

^rms, ~ O'yoy I 
Erms, = 0707 Emux 

where I Max and EMax are the maximum values of 
current and voltage of the sine wave 
respectively. 

54. Measurement of Frequency in terms of wave¬ 
length and velocity of propagation. 

Frequency = Velocity of propagation 
Wavelength 

f-'i 

Cos 6 = 



55. 

and v = Xf 
where / is the frequency in c.p.s. 

A is the wavelength. 
V is the velocity of propo- 

gation using the same 
units of distance as A. 

Resonant frequency. 

® Kc/s. 

3 X 10* 

fr 

and A = 1885 yXC 
Since V = Xfr 

V = 3 X 10* 

where /r is the resonant frequency. 
A is the wavelength in metres. 
L is the inductance in microhenries. 
C is the capacitance in microfarads. 
V is the velocity of propagation metres/sec. 

56. The natural frequency of an cut quartz 
crystal. 

/ = Kc/s. 

where ^ is the thickness of the crystal in mm. 

VALVES 

57. The emission from the filament varies with the 
heating current and obeys very closely the following 
law: 

i = ATH^ 
where i is the electron emission in amperes/square 

cm. 
T is the temperature in degress absolute. 
A and b are constants which are characteristic 

of the cathode material. 
e is the base of Naperian logs. 27183 

For pure tungsten A = 30 and b — 52,^0. 
Thoriated tungsten A = 3 and b = 30,500. 
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58. The three-halves power law. 
The rise in anode current la, with fixed filament 

temperature and increasing anode voltage, follows a 
curve of the form shown in Fig. 23 and is foimd to 
follow the law 

Si 

Ia = -x Fat 
r 

where Va is the anode voltage. 
la is the anode current. 
r is the radius of the cylindrical anocfe sur¬ 

rounding the filament. 
K is a. numerical factor. 

59. Mutual Conductance of a valve. (g,»). 
Small change in anode current 

Change in grid volts to produce anode current change, 

= anode voltage constant 

60. The anode characteristic A.C. resistance of a 
valve (8a). 

— Change in anode volts Ohms. (Grid 
Change in anode current in amps, volts constant.) 

where fM is the amplification factor of the valve. 
gm is the mutual conductance of the valve 

61. Amplification Factor of a valve (/i). 
= Sa X gm 

62. Voltage amplification across a non-inductive 
load resistance. 

m = 
fiR 

W + Pa 
where p, is the amplification factor 

R is the load resistance 
and 8a is the anode A.C. resistance. 

The gain in decibels equals 20 logi^w. 
63. Voltage amplification across an inductive load 

(neglecting resistance). 
PlcjL where L is the Inductance of 

V/xj + ti)L the coil. 
M ^ 



64. Voltage amplification when the load comprises 
inductance and resistance. 

M = 
/ + {o}Ly 

(^a “f" R^ * ~f" * 

65. Voltage amplification with transformer coupling 

M = 
fiRT 

R + 8ar* 
where T is the transformation ratio. 

R is the resistance of the secondary 
winding. 

The above formula assumes a perfect condenser 
having unity coupling factor and a non-inductive load. 

66. Voltage drop across the anode load resistance 
of a valve. 

V IaR 
where la is the anode current in amperes. 

R is the anode load resistance in ohms. 
67. Voltage amplification with tuned anode at 

resonance. 

M = 
fiL 

K^R + L 
when C is the capacitance of the tuned circuit. 

L is the inductance of the tuned circuit. 
68. Power amplification. 
To enable a maximum power output from the valve 

to be obtained the anode load resistance should equal 
the anode characteristic resistance, i.e. 80 = R. 

To obtain maximum imdistorted output R should 
equal 2pa. 

When the load resistance R is coupled to the anode 
by a transformer, maximum output is obtained when 

where T is the transformer ratio, 
and for maximum imdistWted output the transformer 
ratio 

/28a 



6g, Inter-electrode capacity (approximate values), 
Triode: Between grid and anode 5 fifiF 
Tetrode: ,, control grid and anode 0 *003 /x/nF 

(with S.G. earthed to R.F.). 
70. Total space current. (Tetrode.) 

Total space current == /« + Is 
where Is is the anode current. 
Is is the screen grid current. 

71. Amplitude modulation (Upper and lower side¬ 
bands). 

When a carrier wave having a frequency / is modu¬ 
lated by a wave having a frequency fi then the upper 
side-band frequency = / -f and the lower side-band 

AERIALS 

72. Field strength of a distant transmitter. 

F = volts per metre. 

where I is the aerial current in amps. 
d is the distance away in metres of the 

transmitter. 
h is the effective height of the aerial in 

metres. 
A is the wavelength in metres. 

73. The voltage induced in a receiving aerial. 
E ^ Fh volts. 

where h is the effective, height of the aerial, 
and F is the field strength in volts per metre, 

74. The received current will be 

r - ^ 
^ “ R 

where R is the resistance of the circuit in ohms. 
75. The voltage induced in a frame aerial in the 

plane of propagation of the wave is given by: 
« 27t F A N ,. 
E ^-volts 

where A is the frame area in square metres. 
N is the number of turns. 
A is a wavelength in metres. 
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76. Voltage received in a frame aerial which is not 
in the direction of pfopagation. 

E = Cos d volts. 

where 6 is the angle between the plane of the 
frame and the direction of propagation. 

77. Voltage induced in a frame aerial. 
E = hF Cos 6 

78. The radiation resistance of an^erial 
1584 A* , 

r = ohms. 

where h is the effective height 
A is the wavelength in the same units as h 
r is the radiation resistance in ohms 
r — x-'jbh^f^ X io~® ohms 
h is measured in metres 

and / the frequency in kilocycles. 

79. Power radiated by an aerial. 
P = I*r watts. 

where I is the aerial current in amps, 
and r is the radiation resistance. 

P = watts. 

80. Radiation resistance. 

81. Aerial efficiency. 

Efficiency — ^ x ^00 per cent. 

where r is the radiation resistance, 
and R is the aerial resistance. 

82. Radiation constant. 
Radiation constant = hi metre-amperes, 
where h is the effective height of the aerial. 

1 is the aerial current in amps. 



TELEVISION 

83. Frequency band required for a picture to be 
scanned along its longer dimension is given by 

f = ^ 
•' 2 

where I is the number of scanning lines per 
picture 

p is the number of picture repetitions 
and r is the ratio of longer to shorter dimen¬ 

sions of the picture. 

LINE TRANSMISSION 

84. The current receive d at the end of a transmission 
line. 

Ir-^Ise-- .(i) 
where is the received current. 

Is is the sent current. 
I is the length of the transmission line. 
e == 27183. 

is the attentuation constant. 

From (i) a 7 = log j- = 2-303 logio 7-*.{ii) 
If j f 

p 
cc I = 1-151 logia ^ .{Hi) 

Where P, and P, are the power sent and received. 

85. The cut-off frequency of electric wave filters. 
(Low or High pass.) 

where for a low pass filter 
L is the series inductance in henries per 

half section. 
C is the shunt capacitance in farads per 

half section, 
and for a high pass filter 

C is the series capacitance per half section. 
L is the shunt inductance per half section. 
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86. The characteristic resistance Ro = 

87. The characteristic resistance Ro = \/tif x 
where Rf is the measured resistance with the far 

end open. 
Rg is the measured resistance with the far 

end closed 
and the characteristic impedance Zo = Vz, x Zg 

88. To con¬ 
vert from T 
to 7T Network 
or vice versa. 

r NETWORK 

f*3 , 

rr NETWORK 

R, 

20 



TRANSMISSION LOSS 

89. 
Considering 

Power 

Ratios 

90. 

Considering 

Voltage 

Ratios 

91. 

Considering 

Current 

Ratios 

Attenuation in nepers i log, 

„ „ bels log I 

„ „ decibels 10/ogjo- 

Pr 

10 

h 
Pr 

Attenuation in nepers loge ^ 

Xi. 
TV 

„ „ decibels 20/eg,0 ~ 

Attenuation in nepers loge ^ 

„ „ bels 2log^Jy~ 
f J 

„ „ decibels 20/og,o — 
^ r 

bels 2 /eg,o 

I neper = 8-686 db i bel = 1-1513 nepers. 
Method of converting common logs to Naperian logs. 

iogtoN — loge N X 0-4343 or conversely 
logeN — logi,N X 2-3026. 
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CHAPTER II 

COMPONENTS 

Discuss two of the most common types of fixed 
resistor used in modern radio equipment, referring 
to their relative advantages. 

What effect has a rise in temperature on the 
resistance value of a length of resistance wire? 

Two of the most common forms of fixed resistor in 
general use are (a) the carbon-rod type; [h) the wire- 
wound type. 

The carbon-rod resistor consists of a rod of resistive 
material, usually a mixture of clay and carbon, baked 
at a high temperature and fitted with end caps or 
wires to afford connection. 

The value of the resistor is determined by its cross- 
sectional area and length. 

This type of resistor is obtainable in a very wide 
range of values, and may be constructed to dissipate 
between one and three watts of power, the power 
being generated within the resistor in the form of heat. 

The wire-wound resistor is employed where it is 
necessary to dissipate more energy or when small 
values of resistance are required. 

This type takes the form of a winding of special 
resistance wire, an alloy in the main of copper, iron 
and nickel, on a former of clay, asbestos or other 
insulating, heat-resisting material. Again end-caps 
or wires are fitted for connecting purposes. The value 
of the resistor is in this case determined by the chemical 
constitution, cross-sectional area, and length of the 
resistance wire used. Wire-wound resistors are ob¬ 
tainable for all values of resistance, but are most 
commonly used for values lower than 2000 ohms where 
more than three watts of power must be dissipated., 
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Use of the carbon-rod resistor is to be preferred where 
little power is involved, as it possesses practically no 
self-inductance and capacitance, in addition to its 
relatively low cost. Where considerable power must 
be handled, the wire-wound resistor is preferable in 
spite of its high self-inductance and capacitance. 
The former may be reduced by winding half of the 
resistance wire in one direction, and the remainder in 
the opposite direction (bifilar wound). 

A rise in the temperature of a length of resistance 
wire, will cause the value of its resistance to rise by an 
amount depending upon the temperature coefficient 
of the material from which the wire is made, and the 
temperature rise in degrees Centigrade. 

Thus. Rt = Ro{i -f- cct) 
where Rt is the resistance at <®C. 

Ro is the resistance at o“C. 
« is the temperature coefficient. 
t is the rise in temperature in degrees 

centigrade. 

Describe one simple method of determining the 
value of an tatknown resistance. 

The substitution method is one of the simplest ways 
of determining accurately the value of an imknown 
resistance. The apparatus reqmred consists of a 
battery, an ammeter, a key and a high-grade variable 
known resistance. Fig. i shows the manner in which 
this apparatus should be connected. With the key in 
position A the current flowing in the nullieimmeter 
should be noted (/j). The key should then be thrown 
to position B and the high-grade variable resistance 
adjusted imtil the ciurent flowing in the circuit is 
the same as previously. Under these conditions the 
unknown resistance Rx equals the variable resistance 
Rv, the latter being ascertained from the reading of 
the dials. 
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Milliamtne^er 

Fig. I. 

Describe the construction of one type of low- 
voltage fixed condenser suitable for use in (a) the 
audio-frequency; (6) the radio-frequency stages of 
wireless equipment. 

Condensers of the waxed or oiled paper t3^e are 
quite suitable for use in the audio-frequency stages of 
radio equipment, i.e. as coupling and by-pass con¬ 
densers, etc. ' 

The waxed paper condenser is made from thin strips 
of specially-prepared paper and metal foil arranged as 
shown in Fig. 2. 

The two strips of paper and foil are wound up to 
form a roll, the projecting edges of the two strips of 
foil being crimped together and joined to the con¬ 
nectors. . 
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The roll of paper and foil is immersed in boiling wax 
or oil in^ vacuo to exclude all moisture, after which it 
is sealedTn an airtight container of waxed cardboard or 
bakelite. Connection is madd by means of wire ends 
or screw terminals. 

The above method of construction is adopted to 
overcome inductive and resistive losses experienced in 
earlier types, where connection to the foil strips was 
made only at one end. 

The waxed paper condenser as described above is 
unsuitable for use in the radio-frequency stages of 
wireless equipment owing to inductve losses prevalent 
at these frequencies. 

mJC£0 MPER STRIPS 

The condensers normally employed, for radio-fre¬ 
quency work are of the silver-mica or silver-ceramic 

' type, since these possess high stability combined with 
extremely low losses. 

These condensers are made by depositing a very thin 
film of silver directly on to both sides of a thin strip 
of mica or ceramic base material. The treated strip is 
then mounted in a moulding of bakelite or ceramic base 
material, wire ends being fitted to permit connection. 

Whut type of condenser would you employ in the 
smoothing circuit of a high-tension power unit? 
Describe its construction. 

A condenser suitable for use in the smoothing circuit 
of a high-tension power unit would be of the electro¬ 
lytic type, cither wet or dry, since this type is efficient, 
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compact, reasonably inexpensive, and especially suit¬ 
able for circuits where a D.C. potential with a super¬ 
imposed A.C. component is to be dealt with. 

The wet electrolytic consists of an aluminium or 
copper container, usually of cylindrical formation 
inside which is fitted an aluminium tube or anode, the 
intervening space being filled with a solution of am¬ 
monium or sodium borate, which forms the cathode. 
One end of the container is terminated in a coarse 
screw-thread to permit mounting and afford connection 
to the cathode. Connection to the anode is effected 
by means of a screw passing through an insulating 

bush in the mounting. 
The arrangements are 
illustrated in Fig. 3. 



inch of anode surface. Application of the D.C. 
voltage is accompanied at first by a heavy leakage 
current which falls as the capacitance rises, to a very 
low value. Disconnection of the polarising potential 
causes disintegration of the aluminium oxide film. 

The dry electrolytic condenser is made by winding 
together two strips of aluminium foil one of which, 
the anode, has a film of aluminium oxide formed on 
one side, with a separator of impregnated muslin, 
the whole being housed in a waxed cardboard con¬ 
tainer. Connection to the electrodes is normally 
made by means of insulated flexible wire "'tails'*. 

What are the relative advantages and disadvan¬ 
tages of: 

(а) An electrolytic condenser compared with a 
mica condenser? 

(б) Paper compared with air as the^-dielectric of 
a condenser. 

Advantages of the electrolytic condenser com¬ 
pared with mica condenser are: 

(1) For capacitances above 2/iF it is cheaper to 
produce electrolytic condensers. 

(2) Greater capacitance can be obtained in a given 
space with electrolytic condensers. 

(3) The electrolytic will withstand a temporary over¬ 
load and then, when normal working condi¬ 
tions are restored, be unimpaired, i.e. the 
punctured dielectric heals itself. 

Disadvantages of the electrolytic condenser. 
(1) The capacitance of this type of condenser de- 

. creases with age while that of the mica con¬ 
denser remains constant, throughout its life. 

(2) The electrolytic condenser allows a leakage cur¬ 
rent to flow between its terminals. In 
circuits where this would be harmful mica 
condensers could be used successfully, 

(3) The electrolytic condenser is constructed so that 
it will only pass current in one direction, it 

27 



cannot therefore be used for general alternat¬ 
ing current work. 

The relative advantages of paper as compared with 
air as a dielectric are : 

(1) Paper has a higher dielectric strength, therefore 
with a specified voltage the plates can be 
placed nearer together. 

(2) Greater capacitance can be obtained in a given 
space due to the higher dielectric constant of 
paper. 

(3) The use of paper enables the plates to be made 
of thin metal foil if required. This is useful 
in the case of large condensers. Rigid plates 
must be used if air is the dielectric. 

The disadvantages of paper are: 
(1) The dielectric loss in paper is greater than air. 

This also gives the paper condenser a worse 
power factor. 

(2) The insulation resistance of paper may not be so 
high as air, and consequently a paper con¬ 
denser may have a worse power factor. 

Describe the construction of variable tuning 
condensers suitable for use at medium radio fre^ 
quencies. What is the chief difference in con¬ 
struction of the square-law and log-law types? 

The major components of a variable air-spaced tuning 
condenser are (a) a bank of fixed plates; (6) a bank of 
moving plates which may be rotated so that the extent 
of overlap with the fixed plates may be varied and 
(c) a framework to support the fixed plates and provide 
bearings for the rotating vanes. 

The metal used in the manufacture of plates for 
condensers suitable for all radio frequencies is normally 
brass or aluminium, but the material used for the end 
plates depends on the frequency range for which the 
condenser is designed. Condensers for low frequencies 
have end plates of ebonite or similar material, but as 
these introduce losses at medium frequencies, end plates 
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of condensers for this range are usually of metal. End 
plates of condensers designed for high frequencies, i.e. 
short waves,* are made from ceramic base insulating 
material, the amount of material used being reduced 
to a minimum. 

The fixed plates of medium frequency condensers 
are held rigidly in their correct position by small strips 
or tubes of insulating material which are clamped 
between the end plates. The rotating vanes are 
bolted to the spindle, the bearings for which are 
mounted on the metal end plates. Some manufacturers 
depend on the bearings themselves to provide electrical 
connection with the moving plates, but as this arrange¬ 
ment is liable to produce noises during rotation a 
flexible pigtail connection, by-passing the bearings, is 
to be preferred. 

The capacitance of earlier variable condensers having 
-semi-circular plates was directly proportional to the 
angle of overlap (Fig. 4 {a)). This was foimd to be 
unsatisfactory when used in radio receivers as extrem¬ 
ities of the wavelength range were cramped, smc6 the 
wavelength to which the circuit tunes is proportional 
to the square root of the capacity. 

To overcome this cramping, the shape of the plates 
was altered so that the capacitance increased as the 
square of the angle of overlap, the wave-length in this 
case being directly proportional to the dial setting. 

29 



This type of condenser is known as the square-law 
or straight-line-wave-length type. Fig. 4 (6). 

With the increase in the number of broadcasting 
stations, it was found that the square law type was stiU 
not fully satisfactory since stations were now dis¬ 
tributed over the available range on a frequency basis. 
Further improvement has been obtained by again 
changing the shape of the plates so that the rate of 
increase in capacity at any angle of overlap is propor¬ 
tional to the capacity at the particular angle. This 
spreads the tuning range more evenly over the whole 
of the condenser dial, and is found to be more con¬ 
venient for the ganging pf condensers in multi-stage 
receivers. This t3q)e is known as the log-law or mid¬ 
line type. 

It will be seen from the foregoing that the chief 
difference in the construction of square-law and log- 
law condensers is to be found in the shape of the plates. 

Explain the following terms with regard to a 
condenser, (a) Leakage loss; (b) Dielectric ah'- 
sorption; (c) Conductor loss. 

These are three losses that occur in condensers. 
(a) Leakage losses can be divided thus: 

(1) Leakage of the charge from the edges of the 
plates. 

(2) Leakage due to the dielectric having a low 
insulation resistance. 

(b) Dielectric absorption is a loss caused by a di¬ 
electric that absorbs or retains a portion of its charge 
when condenser is discharged. This type of loss only 
occurs in solid or liquid dielectrics. 

(c) Conductor losses in a condenser are due solely to 
the ohmic resistance of the plates and leads of the 
condenser. To keep this loss at a minimum, leads to 
the condenser should be short, and poor joints should 
be avoided. 
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Explain the meaning of the following terms^ 
By-pass Condenser^ Coupling Condenser and Grid 
Condenser. 

By-pass Condenser, 
As its name suggests, a by-pass condenser provides 

a low impedance path to the high frequency oscillations 
thus preventing a loss of power which would otherwise 
occur if the oscillations were to traverse a path of high 
impedance. The capacitance of a condenser used in 
the above manner will be dependent upon the fre¬ 
quency. Typical values being from 0*0003 /xF to 
o*oi/xF. 

Coupling Condenser, 
coupling condenser serves to transfer a radio 

frequency voltage from one point to another, whilst 
preventing a direct current flow. The voltage across 
such a condenser is the sum of the peak radio-fre¬ 
quency and the high-tension voltages and it must be 
cjiosen accordingljr. The capacitance of the con¬ 
denser used in this manner will depend upon the 
frequency and the position the condenser occupies, 
i.e. whether it is placed at points of high radio-fre¬ 
quency voltage or otherwise. 

Grid Condenser, 
In grid rectification a condenser enables the grid of 

the valve to become negatively charged and prevents 
the charge being instantaneously reduced through the 
tuned circuit. A resistor which is placed in parallel 
with this condenser enables the charge to leak away 
slowly and as the time taken for this action is important 
the correct capacitance of the condenser is essential. 

Approximate values for grid condensers are about 
o*ooifxf. for high frequencies and about 0*00005 yd, 
for ultra high frequencies. 

Three- condensers have capacities of 2 fiF., 
3 fiF. and 4 yF. Calculate their combined 
capacity whm they are connected: 

(a) In series. 
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(b) In parallel. 
(c) The 4 fiF. condenser connected in series 

with the 2 fiF. and 3 ixF. condensers con¬ 
nected in parallel. 

Fig. 5 shows the condensers connected in the three 
different ways mentioned. 

(a) —I I-1 I-1 I- 

(*>) 

Fic. 5. 

(a) The combined capacity of a number of condensers 
connected in series is given by the formula. 

_I_ 

Cr =jc + JL 
Cx ^ c, ^ c, 

‘ where Cy is the combined capacity 
and Cl, Ci,Ci are the capacities of the indivi¬ 

dual condensers. 

Cy Cl C$ Cj 

+1 I I_ 6 + 4 + 3 
2^3 4 12 

. Cy = ~ /iF. 
13 
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{b) The combined capacitance of a number of con¬ 
densers in parallel is the sum of the individual 
capacitances, thus 

Cy = Cl + Ca + Ca = 2 + 3 + 4 == 9/xF. 
(c) The combined capacitance of the two condensers 

in parallel is 2 + 3 = This capacity is in series 
with 4/liF. (sketch c). The combined capacity will be 

I 
Ct = I I 

4 

• -I = i + = 4 +5 _ 9 
" Ct 5 4 20 20 

12 
Answers (a) — /xF. 

(e) 9 fxF. 
(c) 2 *2 fiF. 

7 
= 2*2/xF 

State the formula used for estimating the energy 
stored in a condenser. 

Find the energy stored in a condenser in each of 
the following cases: 

(1) When the charge is 2 coulombs and the 
potential between the plates SO volts. 

(2) When the capacity is 2 farads and the 
potential between the plates is 10 volts. 

(3) When the charge is 1 coulomb and the 
capacity is 1 farad. 

The energy stored in a condenser can be determined 
by either of the following formulae: 

W = joules (i) 

wr = joules (2) 

W" = ^ joules (3) 
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where W is the energy stored in joules. 
Q is the charge in coulombs. 
V is the potential in volts between 

the plates. 
C is the capacity in farads. 

Energy stored in case (i) 

jy ^ ^^ joules. 
2 2 

Energy stored in case (2) 
V^C 2 X 100 . , 

W =- — - = 100 loules. 
22 ^ 

Energy stored in case (3) 

= = I 
2C 2x1 

W 0-5 joule. 

Upon what characteristics does the capacitance 
of a parallel plate condenser depend? State the 
formula used for determining the capacitance of 
any type of parallel plate condenser. What is 
the energy stored in a O'S fif. condenser when it 
receives a charge of 40 microcoulombs? 

The capacitance of a parallel plate condenser varies 
directly as the size and number of plates in parallel, 
and varies inversely as their distance apart. 

where A is the total effective plate area. 
i.e. A = a X n 

where a = area of one plate. 

n = number of dielectrics. 
d — distance between plates. 

Thus the capacitance C = 

If a dielectric other than air is used the specific 
inductive capacity of this dielectric must be taken into 
account thus: 

C = where K is the specific inductive capacity 



The formula above gives the capacitance of the con¬ 
denser in electrostatic units. 

. To convert to the practical units—microfarads— 
since ifiF, = 9 x lo ® electrostatic units. 

The capacitance = —--r microfarads. 
^ 47rd X 9 X 10^ 

The energy stored in a condenser is given by 
__ 02 where Q is the charge in coulombs 
“ 2c and C is the capacitance in farads. 

Substituting given values: 
W — 40 X 40 X I0~*^ X 10"*^ _ 

2 X 0*5 X io“« . ~ 10^ 

= o*ooi6 
Answer. The energy stored in the condenser = 

o*ooi6 joules. 

A condenser is built up of metal foil sheets 
to cms. by 8 cms. spaced at 0*4 millimetres by a 
dielectric having an S.LC. of 4. Find the number 
of sheets required to produce a condenser having 
a capacitance of0*025 microfarads. 

The capacitance of a parallel plate condenser: 

C" = j microfarads. 
477^ X 9 X 10 ® ‘ 

%o X 4 X n 

0*025 X 0*04 X 9 X 10® 

0*025 X 90077 

2 

2n 

90077 

= n 

and . - X 900T 
2 

' = 35-325 
Since there is always one more plate than dielectrics 

there will be 36 plates. 
An$wer. The number of plates required will be 36. 

The anode of an electrolytic condenser consists 
of an altuninium cylindrical vessel of 3 in. length 
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having an internal diameter of 1 in* If the whole 
of the internal area is in contact with the electrolyte 
and the forming voltage of500 volts gives a capaci¬ 
tance of I^SfjiF* per square inch, what is the 
capacitance of the condenser? 

Since the capacity of the condenser is proportional 
to the contact area of the anodic film it will be necessary 
to find the internal arearof the cylindrical vessel, i.e. 
area of the base, plus area of cylinder. 

Area of base of cylinder = Trr^ 
= 3*14 X 0*5 X 0*5 == 

0785 sq. in. 
Area of cylinder = rrdl 

= 3-14 X I X 3 = 9.42 
sq. ins. 

Total internal area of cylindrical vessel 
= 0785 + 9-42 
= 10*205 sq. ins. 

The capacitance of i sq. in. of material is 1*5 [jlF. 
Total Capacitance = 1*5 x 10*205 

= 15*308/xF. 
Answer. The capacitance of the electrolytic con¬ 

denser will be 15*308 ixF. 

What materials and methods are employed in 
the construction of tuning coils for Tuned Radio 
Frequency receivers covering ranges of 200-550 
and 1000-2000 metres ? Why ? 

Tuning coils used in Tuned Radio Frequency or 
" straightreceivers are usually wound on formers of 
ebonite, fibre, paxolin or other similar insulating 
material. The formers are normally circular or hexa¬ 
gonal in cross section and have a diameter of from 
IJ to 2 J inches. 

It is not necessary to employ low-loss insulating 
material since insulator losses at broadcast frequencies 
are not severe. 

Frequently slots or ribs are incorporated in the former 
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to facilitate spacing of the windings, thus reducing 
self-capacity losses. 

The wire usually used for the winding of medium 
frequency coils is 20-24 S.W.G. copper, although 
thinner wire, 30 S.W.G. may be used for reaction 
windings. 

Formerly solid wire was used, but it is now common 
practice to employ stranded or Litzendraht (Litz.) 
wire to minimise eddy current and skin effect losses 
which increase as the frequency rises. 

There are two types of timing coil used in astraight'' 
receiver, firstly the Radio Frequency Transformer for 
the R.F. amplifier stages which possesses two windings, 
an aerial coupling and a grid tuning winding respec¬ 
tively, and secondly the detector stage coil which 
includes coupling and grid tuning windings, identical 
with those of the R.F. Transformer and in addition a 
reaction winding to overcome circuit losses and to 
increase sensitivity. 

To cover the two ranges it is necessary to divide the 
aerial coupling and grid tuning windings into two 
sections, one to cover the 200-550 metre range, and a 
larger section which in conjunction with the smaller 
winding covers the 1000-2000 meter range. When 
tuning over the higher frequency range, the low fre¬ 
quency sections of both coupling and grid coils are 
short-circuited by means of one three-point or two 
single-make switches. To prevent the short-circuited 
windings introducing too heavy a loss of energy, 
medium wave sections are wound at one end of the 
former, as single layer coils or solenoids, whilst the 
additional windings to cover the long wave range are 
wound at the opposite end either as self-supporting 
honeycomb coils or on slots cut in the former. 

The reaction winding is normally placed between 
the medium and long wave sections to afford reason¬ 
able coupling with both. 

To facilitate connection the windings are terminated 
on soldering tags or terminals incorporated in the 
former. 
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Some coil manufacturers do not employ tapped 
coupling coils in which case one single-make switch 
is sufficient for switching. 

Construction and circuit wiring of a typical dual range 
coil are illustrated in Figs 6 and 7. 

AfiV GfilD WINDING 

M.W AERIAL 
COUPLING WINDING 

REACTION WINDING 

L W GRID WINDING 

L W AERIAL 
COUPLING WINDING 

Fig. 6. 

Wkat is the difference in operution ef high^fre*' 
Quency nnd Icw^fregnency chchesT Describe the 
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construction of one of each type and draw sketches 
illustrating the use of each* 

A high-frequency choke is designed to offer a high 
impedance to radio-frequency current whilst offering a 
low impedance path to direct current. 

This is achieved by winding the choke with many 
turns of fairly fine wire on a narrow diameter former 
of high insulating material, and dividing the winding 
into several pile wound sections to minimise self¬ 
capacity. The gauge of the wire used must be suffi¬ 
ciently stout to carry the direct current component 
without undue heating. 

Connection to the H.F. choke is made by means of 
soldering tags, wire ends or screw terminals. 

Fig. 8 illustrates the construction of a typical H.F. 
choke whilst Fig. 9 shows such a choke used in the H.T. 
feed of a detector valve to prevent radio-frequency 
current reaching the audio stages via the H.T. supply. 

A low-frequency choke is constructed to offer a high 
impedance to audio-frequency current whilst permitting 
the unrestricted passage of direct current. 

The choke consists of a laminated iron core on which 
are wound very many turns of wire. 

The core concentrates the magnetic field which pro¬ 
duces a considerable increase in the effective inductance 
of the coU. Again the wire used must be of a gauge 
sufficiently heavy to carry the required direct current 
without heating up. 
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L.F.C. 

The choke is normally fitted with a metal cover to 
afford a magnetic screen, connection to the winding 
being made by soldering tags or terminals. 

Fig. 10 shows a low-frequency choke used in the 
smoothing circuit of a high-tension power unit operat¬ 
ing from A. C. mains. The choke, in conj unction with the 
two by-passing condensers, effectively reduces the level 
of the A.C, component superimposed on the H.T. supply. 

Define the terms (a) Coefficient of self-induction, 
(6) Coefficient of mutual in¬ 

duction. 
The CO-efficient of mutual induction of an induction 
coil is 2*S henrys. A current of 1*2 amperes in the 
primary is cut in 0*002 secs. Calculate the electro¬ 
motive force set up in the secondary coil. 

{a) The coefficient of self-induction is the total 
number of lines of force passing through any circuit 
and due entirely to one C.G.S. unit of current traversing 
that circuit. 

(b) The coefficient of mutual inductance of two 
coils may be defined as the total magnetic flux which 
passes through one of the coils when the other is 
traversed by one C.G.S. unit of current. 
Electromotive force induced == inductance x rate of 

change of current. 
Mtitual inductance =2*5 henrys. 

Rate of change of current — i *2 x —^ ^'^ips. per 
® 0-002 sec. 

Induced voltage = 2-5 x i -2 x = ^500 volts. 

Answer. The electromotive force = 1500 volts. 
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Explain the action of a mains transformer and 
show how the secondary voltage and current are 
deduced from the input voltage and current. 
When is it usual to employ air core transformers? 

In its simplest form a mains transformer consists of 
a combination of two coils wound on a common core 
of soft iron or other suitable material. These coils 
are known as the primary and secondary coils or 
windings. The primary winding is connected to the 
main alternating current source and this varying 
current in traversing the primary winding sets up a 
varying magnetic field in the core. These magnetic 
lines of force cut the turns of the secondary winding 
and induce an electro-motive force (e.m.f.) in it. 

MAGNETIC 

WINDING 

PWNCIPLE OF THE MAINS TRANSFORMER 

Fig. II. 

Fig, II illustrates this theory. It wiU be appreciated 
that if an e.m.f. is induced in the secondary winding 
there wiU also be an induced secondary current. 
Briefly then, a transformer is a device, the action of 
which provides a means for transferring variations of 
voltage and/or current in one circuit (the primary 
circuit) to another circuit (the secondary circuit) by 
means of electromagnetic induction. 

The ratio of the total voltage induced in the secondary 
winding to that applied across the primary depends 
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upon the ratio of the number of turns between the two 
windings, i.e. the transformation ratio. For example, 
if an A.C. supply of 200 volts was applied to the 
primary winding of a transformer having 100 turns, 
then, if the secondary winding had 200 turns, the output 
or secondary voltage would be 

Input voltage x transformation ratio 
T . 1. Secondary turns = Input voltage x f- 

^ ^ Primary turns 
200 X 200 
- = ^QO VOltS. 

100 ^ 

The secondary current varies inversely as the trans¬ 
formation ratio thus: 

Secondary current = 
. . Primary turns 

Primary current x 5-3-^—i- 
Secondary turns 

Air core transformers are usually employed in high- 
frequency circuits where iron cores would cause serious 
loss of energy owing to ed4y currents being induced 
in the iron. 

Define the terms: 
(а) Step-up transformer. 
(б) Closed core transformer. 
(c) Auto-transformer. 
{d) Step-down transformer. 

Mention three types of transformer used in radio¬ 
communication. 

{a) Step-up transformer. 
A transformer in which the secondary winding con¬ 

sists of a greater number of turns than the primary 
winding resulting in a greater secondary voltage than 
primary voltage and thus a lower secondary current 
than primary current. 

[b) Closed core transformer. 
A transformer in which the iron core forms a com¬ 

plete magnetic circuit without any air gap. 
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(cj) Auto-transformer, 
A transformer consisting of a single winding, part 

of which is tapped off for the primary winding, and 
part for the secondary winding (see also p. 44). 

(d) Step-down Transformer. 
A transformer in which the primary winding con¬ 

sists of more turns than the secondary ydnding. This 
results in a lower, secondary voltage than primary 
voltage and a greater secondary current than primary 
current. 

Three t3^es of transformer used in radio communica¬ 
tion are: 

(1) Mains or power transformers which are used for 
transforming voltages in the power supply 
circuit. 

(2) Audio-frequency transformers. 
(3) Radio-frequency transformers. 

What are ** eddy currents 
How are these currents (a) utilised; (b) mini¬ 

mised? 

If a conductor is moved relatively in a magnetic 
field then currents are induced in accordance with 
Lenz's law which states that ‘‘The current induced 
in a conductor will flow in such a direction that its 
effect will be to oppose the originating motion." The 
currents so induced in any piece of metal such as the 
armature of a dynamo or motor, the core of a trans¬ 
former, choke coil, or relay, or any piece of metal which 
moves in a magnetic field but does not form part of a 
magnetic circuit, are termed “eddy currents." 

{a) Eddy currents, as stated by Lenz, tend to oppose 
the movement of the conductor or, if the field is varying 
around a stationary conductor, they oppose the varia¬ 
tion of the field. This property is made use of in the 
manufacture of electrical instruments of the “dead 
beat" variety. In moving coil instruments the coil is 
wound on a light metal frame, which, moving in the 
field of the permanent magnet produces eddy currents, 
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resulting in a steady, vibrationless movement of the 
needle. 

The same effect is produced in hot wire instruments 
by arranging for a light sheet of metal to move across 
the face of a magnet. 

(e) Eddy currents are a disadvantage in armature 
and transformer cores as they represent wasted energy 
which is radiated as heat and decreases the insulation 
resistance of the windings. The currents are reduced 
by using laminated cores which are built up from sheet 
metal, each layer being insulated from its neighbour 
by paper or varnish. The layers are arranged in the 
direction of the magnetic field and are secured by bolts 
in insulating bushes. Where very high frequencies 
are used cores are manufactured from iron dust mixed 
with insulating cement, to separate the particles, the 
mixture being moulded under high pressure. 

Describe the principle of the auto-transformer, 
What are the advantages and limitations of this 
type of transformer? 

The auto-transformer consists of a single coil with a 
number of tappings taken from it. Figs. 12 and 13 
show a step-down and step-up auto-transformer 
respectively. In the sketches below the coil has a 
single tapping, the connections for the primary being 
the two ends of the coil for a step-down transformer 



and the tapping and one coil end for a step-up trans¬ 
former, while the secondary connections would be the 
tapping and one coil end and the coil ends respectively. 

In Fig. 12 the number of turns between B and C 
is two-thirds of the total turns. 

Suppose that the secondary delivers a current of 
6 amps. Then, since the ampere turns of the primary 
winding must equal the ampere turns of the secondary 
winding, the current in the primary will be 6 x f == 4 
amperes. 

Thus we have a current of 6 amps, from C to J5 and 
a current of 4 amps flowing in opposition from A to C, 
so that the actuabcurrent in CB is 2 amps. 

The relationship between input and output voltages 
and currents and the turns ratio apply to the auto¬ 
transformer in the same way as to a normal two-coil 
transformer, i.e. the voltages are directly proportional 
and the currents inversely proportional to the turns 
ratio. 

Advantages of the Auto-transformer, 
The advantage of an auto-transformer over a normal 

two-coil transformer is that a considerable saving 
can be effected in the amount of copper used and a 
reduction in copper losses. This advantage is highest 
when the transformer ratio reaches unity. 

Disadvantage of the Auto-transformer, 
The disadvantage of using an auto-transformer is 

the danger of applying the primary voltage to the 
secondary leads if a disconnection occurs in the com¬ 
mon winding of a step-down auto-transformer. This 
is also the reason for limiting the transformation ratio 
of this type of transformer. 

Explain how the efficiency of a transformer may 
be measured* A 20 K.V.A* 22001200 volt SO cycles 
single-phase transformer gave the following test 
results: 

Open-circuit test 2200 volts applied to primary— 
power 220 watts. 

45 



Short-circuit test^power required to circulate full 
load current in short-circuited secondary,240watts. 

Calculate the efficiency at full load with unity 
power factor if the iron losses equal 220 watts and 
the full load copper losses are 240 watts. 

The direct method of measuring the efficiency of a 
transformer is to measure the power input and the 
power output by means of wattmeters, and then cal¬ 
culate the efficiency with the following formula: 

Efficiency = x loo per cent. 

The efficiency may, however, be estimated as follows: 

— _Output 
~ Input ~ 

Efficiency 
Output + losses 

The losses include the iron and copper losses and 
these may be measured by means of the open-circuit 
and short-circuit tests respectively. In the above 
question the output = 20 K.V.A. = 20,000 watts. 
The iron and copper losses equal 220 and 240 watts 
respectively, therefore: 
._Output__20,000_ 

^ Output + losses “ 20,000 -f 220 -f- 240 

= —X 100 per cent. 
20,460 ^ 

= 9774 per cent. 
Ans. The efficiency of the transformer is 9774 per 

cent. 

A transformer takes 0-5 ampere when its primary 
is connected to a 400-volt supply, the secondary 
being on open circuit. The power absorbed is 
25 watts. Calculate the iron loss current and the 
magnetising current. 

The power absorbed P ^ E x / x Cos B 
25 = 400 X 0-5 X Cos 6 

. „„ 25_ 
400 X 0-5 
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/. Cos 6 = o-ii6 
and 0 = 83° 30/ 

The iron loss current = I Cos 6 — 0-5 x 0-1136 = 
0-0566 ampere. 

The magnetising current = I sin 6 — 0-5 x 0-9936 
0-4968 amperes. 

Ans. The iron loss current is 0-0566 ampere, and 
the magnetising current is 0-4968 ampere. 
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CHAPTER III 

VALVES 

Sketch and describe the construction of the two- 
electrode thermionic valve. If the valve was 
worked with the filament temperature above that 
specified what effects would result? 

The two electrode thermionic valve consists essen¬ 
tially of an evacuated glass envelope containing a 
tungsten- or oxide-coated filament wire and an anode 
collector plate. The latter is often cylindrical in shape 
and completely surrounds the filament wire. Both 
the filament and the anode are supported by wires 
held rigidly in the pinch of the glass envelope. These 
wires act as the filament and anode leads. A bakelite 
cap containing the external contact pins is rigidly 
cemented to the base of the glass envelope, and the 
filament and anode leads are soldered to these pins, 
Fig. 14 shows the general construction of the valve. 

48 



If the valve is worked with the temperature of the 
filament raised above that specified, an increased 
electron emission will occur resulting in a larger anode 
current than that specified, this may well prove im- 
desirable. This exces'^ive emission would, of course, 
reduce the useful life of the valve due to the fact that 
the filament would lose its emissitivity at a greater rate^'^ 

Does the electronic current flowing in the anode 
circuit of a diode valve obey Ohm*s Law? That is, 
does the current vary directly as the applied anode 
voltage* 

The electronic current flowing from the filament to 
the anode of a valve, although a function of the applied 
anode voltage, does not vary directly as the applied 
voltage. In other words, the valve, as a conductor, 
does not obey Ohm's Law. 

ANODE 
CURRENT 

O lO 20 30 40 50 

ANODE VOtrS 
Fig. 15. 
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Fig. 15 shows a typical anode voltage/anode current 
curve of a diode valve. This curve is obtained by 
connecting a valve in the circuit shown in Fig. 16 and 
noting the current flowing, with various values of 

anode voltage. 
It will be observed that 

at the beginning the in¬ 
crease in current is very 
small and rises very 
slowly per volt increase, 
but later the anode current 
curve rises steeply so that 
there is a comparatively 
large anode current in¬ 
crease per anode volt 
increase. Finally Satur¬ 
ation point*' is reached. 
That is when any further 

increase in applied anode voltage fails to increase the 
anode current flow. The straight line indicates the 
Ohm's Law, I = EfR curve. 

Fig. 16, 

Explain briefly the construction of a triode 
valve, and by means of a sketch show the relative 
position of the electrodes. Draw the symbol of 
the triode valve. What is the function of the grid 
electrode? 

Fig. 17 shows the relative positions of the electrodes 
of the triode valve. It consists of three electrodes 
known as the filament, or cathode, the grid and the 
anode. (In Fig. 17 a portion of the circular anode 
has been cut away to show the electrode disposition 
clearly.) 

The filament wire may be either tungsten or oxide 
coated (see p. 52), cut to given length and welded to 
two nickel filament supporting rods abput 0*4 mm. 
thick. The grid wire is wound on and welded to two 
more nickel rods and forms a wire meshwork which 
completely surrounds the filament wire. The anode 
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Anode 

may be either circular or rectangular in shape and 
surrounds the filament and grid electrodes. The 
electrode assembly is then mounted in a glass tube and 
sealed, after which all traces of occluded gas and air 
are removed from the tube by means of a pumping 

rocess. Finally the glass envelope is fitted with a 
akelite base and its electrode connections soldered to 

the contact pins in a similar manner to the diode Fig. 14. 
The symbol for a triode valve is shown in Fig. 18. 

When a wire mesh (grid) having openings through 
which electrons pass is placed between the filament 
and the anode, it exerts a large controlling force'' 
(by virtue of its being nearer 
the cathode than is the 
anode) on the flow of elec¬ 
trons from the filament to 
the anode. When the grid 
is connected to a voltage 
source, the electrons emitted 
from the filament or cathode, 
are attracted if the grid is 
wsitive with respect to the 
filament or cathode and 
repelled if it is negative. 
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The electrons reaching the anode do so via the grid 
mesh, being drawn through the grid mesh by the 
positive potential of the anode. The resulting anode 
current is controlled by the potential of the grid with 
respect to the filament or cathode. 

The effect of a large positive anode voltage in drawing 
the electrons to the anode can be reduced by a rela¬ 
tively small negative voltage applied to the grid. 
Voltage variations of the grid produce corresponding 
variations of the anode current. Thus a small change 
in Ypltage on the grid affects the anode current to the 
same extent as a larger change in anode voltage. The 
ratio of these voltage changes is called the amplifica¬ 
tion of the valve. 

Explain the action of the cathode electrode of a 
valve. Name three types of material used for 
cathodes, which material would you use for the 
cathode of a high^power valve? 

The ability of a hot metal to emit electrons is the 
basis of the thermionic valve. 

The hot metal is the filament or cathode, and it is 
made of a material which, raised to a temperature 
less than its melting point, gives adequate electron 
emission for the purpose for which the valve is required. 

Three materials used for cathodes are: 
(1) Pure Timgsten operating at approximately 

2500° absolute. 
(2) Thoriated Tungsten, operating at approxi¬ 

mately 1850° absolute. 
(3) Certain oxide-coated metals operating at 

approximately 1110° absolute. 
For (3) metals such as platinum, nickel, tungsten or 

molybdenum are used as the core and a mixture of 
Barium and Strontium oxides is coated on the surface. 

Cathodes made of tungsten are used extensively for 
high-power valves because of their durable ^qualities, 
and retentivity of emissive properties. 



What do you understand by an indirectly heated 
cathode? Illustrate your answer with a suitable 
sketch^ What advantage is claimed by its use? 

An indirectly heated cathode is a cathode in a thernii- 
onic valve which is not heated directly by the passage 
of a current through it, but by radiation from a heater 
close to it which is connected to the supply. Fig. 19 
shows the arrangement. Valves operated direct from 
the supply mains are usually of this type to reduce 
any variations in the emission of electrons from the 
cathode which might otherwise be caused by variations 
in the heating current flowing directly through the 

cathode. Fig. 20 shows the symbol for an indirectly 
heated triode valve. 

Due, however, to the impossibility of obtaining the 
requisite temperatures by indirect heating for tungsten 
and thoriated tungsten, oxide-coated emitters are 
always employed for indirectly heated cathodes. 

State briefly the meaning of the following terms: 
(a) Space Charge; (b) Saturation Point;^(c) 

Characteristic Curve. 
{a) Space Charge, 

At any instant during the normal working of a 
valve the space between the filament and the an<^e 
becomes filled with a cloud of negative electrons moving 
from filament to anode. The electrons nearest the 
anode at any moment are not only being attracted by 
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the positive anode but are also being repelled towards 
it by the immediately following electrons. The 
electrons which are farther away from the ^anode, 
however, have not only fewer electrons behind them 
to push them towards the anode, but have electrons 
in front of them tending to push them back towards the 
filament. This phenomenon is known as the space 
charge, and its effect is to choke back the stream of 
electrons from the filament to anode. 
Saturation Point. 

Saturation point is reached when all the electrons 
emitted by the filament are collected by the anode. 

With this condition existing, any further increase of 
anode potential fails to increase the anode current 
flowing. 
Characteristic Curve. 

A plotted curve which clearly illustrates the char¬ 
acteristics of the valve. In the case of the diode valve 
it is a curve showing the anode current flowing with 
various anode voltages applied. Figs. 15, 23 and 44 
show a typical characteristic curve of {a) a diode; {b) a 
triode and (c) a SQreened-grid valve respectively. 

Explain with the aid of a graph the meaning of 
the term ** mutual conductance^* 

Mutual conductance is the term used to denote the' 
rate of change of anode current with change of grid 
voltage, the anode voltage remaining constant. It is 
the gradient or slope of the mutual-characteristic, 
expressed in milliamperes per volt, and designated by 
the s3mabol gm. From the graph Fig. 21 it will be 
noticed that a change of grid potential from —2F to 
+ 2F gives a change in anode current of 0*4 mA. to 
i-o mA. The ratio of these two differences gives the 
mutual conductance of the valve, i.e. 

— a change in anode current 
a change in grid voltage 

d la 
^ dVg 
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Miiiiamperes 

Fig. 21. 

Substituting values taken from curve. 

== = — = 0-15 mA per volt. 

This simply means that a change of potential on the 
grid of one volt will bring about a change of anode 
current equalling 0-15 mA. This value of mutual 
conductance only applies to that part of the curve where 
the values were taken, but if the slope of the curve is 
constant, the mutual conductance will be constant. 
Therefore the mutual conductance is always measured 
about the middle of the curve. 

Sketch a circuit for checking the characteristics 
of a triode valve. Describe any precautions neces¬ 
sary. 

Draw a typical example of an anode current-grid 
voltage curve of a triode valve. 

The potentiometer is connected across the centre 
tapped grid“bias battery to enable either negative or 
positive potentials to be applied to the grid of the 
valve. The grid voltage being measured by the h^h 
resistance voltmeter Fx. The anode potential is varied 
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by means of the potentiometer Pg connected across 
the H.T. battery. The anode voltage is measured by 
the high-resistance voltmeter Vs and the anode current 
by means of the milliammeter. When the correct 
filament voltage read on the voltmeter Vs has been 
obtained by means of the rheostat Ri the anode voltage 
is kept constant while the grid voltage is changed in 
small steps from negative to a positive value with 
respect to the filament. With each change of grid- 
bias valve the anode current is recorded. The anode 
voltage is then changed and the procedure repeated. 
The anode current readings are then plotted against 
grid-voltage readings for the corresponding anode 
voltages. A typical anode current grid-Voltage curve 
of a triode valve is shown in Fig.- 21. 

The table on page 57 gives the current flowing in 
the anode circuit of a triodevalve withselected anode 
voltages and various grid voltages applied. From 
the table plot a ** family " of mutual characteristic 
curves and from these plot the dynamic character¬ 
istic curve of the valve with a load resistance of 
20,000 ohms. Explain how you obtained this 
curve; with its aid explain how voltage amplifica¬ 
tion is achieved. 
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TABLE I 

GRID 
BIAS 

FIXED ANODE ' VOLTS 

130 VOLTS f20 VOLTS 110 VOLTS 100 VOLTS 

-4YaaJP JJhA imA J[a 

-3. « 05- 0- 0 - 
-2 - 10 • 05- D - - . 

•1. - 1*5 • lb-. 0*5- 0 

0 - IS- 10- 0*5 

1 - 2*0- 1*5- 10 

2 • 3*0- 2-5-' 20- 1*5 

3 - 30- 2*S- ^0 

Fig. 23 shows the family of mutual characteristic 
curves together with the dynamic character^tic curve. 
The dynamic characteristic curve is obtained in tbe 
foilowii% manner: Taking the highest anode vdltage 
curve' (130 volts), it will be seen-that when the grid 
potential is —4 ho anode current flows,‘hence, there! 
will ^ no potential drop aaross the 20ldoo-dhm'l6ad 
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reastance, i.e. the anode and H.T. potentials are the 
same. This condition is represented by point A. 
Next vary the grid potential until the anode current 
flowing is 0'5 mA., then the potential drop actoss the 

load resistance = -—5. ^ 20,000 10 volts. Thus 
1000 

the next point is fixed on the %20 volt characteristic 
where the anode current flowing is 0-5 mA., corre- 
s ponding to — i -9 grid volts. Next, when i mA. flows 
the voltage drop across the anode load will be 

X 20,000 = 20 volts. Thus point C is deter¬ 

mined on the no volt characteristic with an anode 
current of i mA. The last point is determined in a 
siinilar manner. The dynamic characteristic is ob¬ 
tained by connecting these points together. 

By inspection of Fig. 23 it will be observed that to 
produce an anode cmrent of 0-5 mA., a change of 
grid potential of 1-9 volts is necessary, e.g. from 0 to 
I '9. This will produce a voltage variation of 10 volts 
across R. Thus a change in anode current causes a 
variation in voltage across the ^ode load resistance 
which will be a magnified version of the change in grid 
voltage, or in other words (there is amplification and 
the v^ve acts as an amplifier) voltage amplification has 
been achieved. 

A triode valve has a characteristic given by 
Ip = 0-002i(Ep + 10 Egy 

where Ip is the plate current in milliaritps 
t, Ep „ „ „ voltage 

ond Eg „ „ gridvtdtage 
Plot the characteristic curve for an anode voltage 

of 160 between values of Eg = 4 and Eg = — Jffi 
volts. What is the mutual conductance of the vahe 
at zero grid potential wiA the above anode voltage. 

Table 2 shows the values of ip for v^htes <4 Eg 
between —ib and +4 volts, ana the carve. Fig. 24 
is drawn from these values. 
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TABLE 2 

Eg loEg (Ep + loEg)* Ip 0*002 (Ep + loEg)® 

~ 16 —160 0 0 mAs 
— 14 —140 0*4 X 10® 0*8 
— 12 —120 1*6 X 10® 3'2 
— 10 —100 3-6 X 10® 7*2 „ 
- 8 — 80 6*4 X lo® 12*8 
— 6 — 60 10 X 10® 20 

- 4 - 40 14-4 X 10® 28*8 
— 2 — 20 19*6 X 10® 39*2 

0 0 25*6 X 10® 1 51*2 
2 20 32*4 X lo® 64*8 

4 40 40 X 10® 1 80 ,, 

^ Eg VOITS 
THE MUTUAL CHARACTERISTIC CORVES. 

Fig. 24. 

The mutual conductance of a valve is equal to 
change in anode current 8 Id 
change in i volt of grid bias 8 Eg 

Taking the. straight part of the mutual characteristics 
between —2 and +2 we have 

At + 2 volts, anode current == 64-8 (from table) 
At — 2 volts, anode current » 39-2 

difference 25-6 
A change of 4 grid volts produces a current change of 

25'6 milUamps., 
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Mutual Conductance = 
25*6 

= 6*4 mA. 

Ans. The mutual conductance of the valve is 6*4. 

What is the difference between the static and 
dynamic characteristic curves of a valve? Which 
type of curve is the most important? What do 
you understand by a load resistance? Draw a 
circuit incorporating a load resistance* 

The static characteristic of a valve shows the rela¬ 
tion between the steady voltage applied to the grid, 
and the anode current, when the anode voltage is kept 
constant, or it may, show the relation between anode 
voltage and anode current when the grid voltage is 

Fig 25. 

kept constant. A dynamic characteristic, however, 
shows the performance of a valve under working con¬ 
ditions when alternating voltages are' being applied. 

The dynamic characteristic curves are by far the 
most important as they give a true picture of the valve 
under working' conditions. A load resistance is a high- 
value resistor (usually several thousand ohms) placed 
in series with the anode of the valve as shown in Fig. 25. 
When an anode'current flows, there will be a potential 
drop across the load resistance equal to laR thus the 
anode voltage.will be less than the H.T.,voltage (F), 
Le, Va = F — IM- 



What is the object of a load line? Plot the anode 
characteristics from the following values taken 
with a triode. If an anode load resistance of 12,500 
phms is connected in the circuit, and the battery 
voltage is constant at SO volts, find the anode 
current, and the voltage across the load resistance 
from the load line at the given values of grid voltage 
Vg. 

Grid Potential Vg 0 —I —2 -3 

Anode Current mA 2*68 2-35 2*0 i6*5 

Voltage Across R 33*5 29-3 25 20‘6 

la mA 

Fig. 26. 

The' load line is. used to determine the dynamic 
characteristic from' the anode currenf/anode voltage' 
characteristics. It shows the changes in anode current 
and anode voltage, for a change in grid voltage with^ 
a given load resistance. Fig. 26 clearly shows the* 
required anode characteristic curves and the load 
l^e vidth an anode load resistance of 12,500 ohm's. 
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The anode cturrent flowing and the voltage acrpss the 
load Resistance with the stated values of Vg are dearly 
shown* 

Define briefly class A, B and C amplification^ 

Class A amplification. 
Amplification in which the amplifying valve is so 

operated that the wave-form of the output is as nearly 
as possible the same as that of the input. 

Class B amplification. 
A method of amplification in which two separate 

valves, or two valves in one envelope, are connected 
in push-pull and so biased that each valve deals with 
alternate half cycles of the applied alternating voltage. 
The change in anode current supplied to the valve can, 
therefore, be kept less than with class A amplification, 
with corresponding saving in high-tension supply. 
It is largely used in battery-operated receivers for this 
reason. 

Class C amplification. 
A highly efficient system of power amplification 

used largely in timed radio-frequency power amplifiers 
where the output need not be proportional to the 
input. The amplifying valve is heavily biased so that 
when a signal is applied the anode current flows in 
pulses for less than half a cycle. 

Describe horn a ttiode value acts as a class A 
amplifier. Show clearly which part of the mutual 
characteristics curve is used. 

A triode valve when used as a^ class A amplifier is 
required to produce m the outpi^i; r4rqmt a current 
which has a wave-form similar to that of the alternating 
voltage appKeSTo^t^ grid cirdiit^ Referring to Fig. 27 
tBTpwlion of between X and Z is approxi¬ 
mately straight; and if the grid bias is so adjusted 
that the valve operates about the midpoint Y and on 
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ANODE 
CURRENT 

this is impressed the incoming signal (alternating 
voltage) to vary the total grid voltage between the 
limits of X and Z, the voltage across the anode load 
will vary in like manner. Thus the wave-form of the 
anode current resembles the applied alternating grid 
voltage. 

State briefly the'principle of the Gaae B auditt 
amplifier. 

In this method the valve is operated at “cut ofi” 
^3 



on the curve as shown in Fig. 28, from which it will be 
evident that the negative half-cycle is almost com¬ 
pletely suppressed. If this method is used for RF 
amplification this fact is unimportant, as the inherent 
Q of the tuned circuit will restore the other halFcycle 
and remove the harmonics, but for AF amplification 
this method as it stands is impossible. If, however, 
two valves are used in push-pull then each valve will 
supply the missing half-wave of the other, and a normal 
sine wave will result in the output. 

fl^hat do you understand by push-pull amplifica¬ 
tion? What are the advantages claimed by this 
.form .of amplification? 

• Fig. 29 indicates the push-pull method of amplifica- 
jjtioit Two similar valves are used. The grids of the 
two valves are connected to opposite ends of the 
secondary of the input transformer, thus the grids are 
fed ,with eqtial voltages but of opposite sense (i.e. 
180® out of‘phase). Each valve therefore handles half 
the input. The two anode circuits are jconnected to 
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the opposite ends of the output transformer so that the 
anode currents are iSo*" out of phase. The voltages 
developed across each half of the output transformer 
.are additive. With push-pull amplification distortion 
is kept to a minimum since the output currents are 
iSo*" out of phase. Thus if distortion does occur in 
the valves, the effects cancel out in the output trans¬ 
former, producing ah undistorted resultant wave. 

Show how to measure the amplification factor of 
a triode valve by means of a simple A.C. Bridge. 
State any necessary precautions. 

Fig. 30 shows a simple schematic diagram of an 
A. C. bridge capable of measuring the amplification factor 
of a triode valve. Tone is supplied from an oscillator 
and heard in the headphones. 

Cl and Ri are then adjusted until a minimum of 
souiid is heard in the headphones. When this con¬ 
dition is obtained the amplification factor of the valve 
is given by 

R Amplification Factor /x = 
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Fig. 30. 

If necessary the headphones can be preceded by a 
suitable amplifier. 

The A.C. Tone Voltage should be as small as prac¬ 
ticable. The adjustable earth connection on the 
bridge eliminates the imbalancing effects of capacity 
to earth. 

Give three schematic circuits of single valve 
amplifiers using different anode load impedances 
and explain briefly how they differ* 

Fig. 31 shows a schematic circuit diagram of a 
resistance-capacity valve amplifier. The amplified 
alternating voltage developed across the resistance R 
is extended to the succeeding stage via the condenser 

Fig, 31. 
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C which also prevents the D.C, battery potential from 
being present at the output terminals. 

Fig, 32 represents a choke-capacity arrangement, 
the choke L virtually replacing the resistance R in 
Fig. 31. This system has the disadvantage that the 
amplified volts across L wiU vary with frequency, 
since the impedance of the choke (neglecting any resist¬ 
ance) is given by 27r/L. 

The primary of the output transformer represents 
the anode load impedance in the arrangement shown 
in Fig. 33. The output voltage will also be prc^ 
portional to the turns ratio of the transformer. Simi¬ 
larly to the choke-capacity arrangement the anode 
load impedance will vary with fr^^quency and hence 
the output voltage will also, vary with frequency. 

What IS an oscillatory circuit? Name two essen¬ 
tial properties of an oscillatory circuit, and say why 
resistance is an undesirable property. What would 
be the ^ect of (a) increasing the capacitance, mnd 
(b) increasing the inductance of the oscillatory 
circuit? 

A circuit in which an oscillatory current will flow is 
called an oscillatory circuit. Such a circuit must 
possess two essential properties, namely capacitance 
and inductance. Fig. 34 shows a simple oscillatory 
circuit. Resistance is an undesirable property in an 
oscillatory circuit because it absor^ the energy which 
produces the oscillation. If therefore resistance exists 
the oscillation will be damped. 'Resistance is kept to a 
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CAPACITY IHOUCTANCB 

Fig. 34. 

minimum in this type of circuit by using a large diameter 
conductor and restricting its length as much as possible 
The value of the capacitance and inductance determines 
the natural frequency of oscillation of the circuit. 
The formula connecting frequency, inductance and 

capacitance is /f== 

where fr is the resonant frequency in c.p.s. 
C is the capacitance in farads. 
L is the inductance in henries. 

The frequency of oscillation will therefore be de¬ 
creased if the capacitance or inductance of the oscil- 
latdiy circuit is increased. 

A condenser is connected to a battery and charged 
for a few seconds, after which the battery is replaced 

by an inductance coil of neg^ 
ligible** resistance. State with 

« the aid of diagrams the electric 
Z cal phenomenon which takes 

place between the coil and 
condenser. 

Fig- 35 {(^) shows the condenser 
being charged l>y the battery. 
When the battery is replaced by 
an inductance cofl L current flows 

h from the positive plate of con¬ 
denser to' the negative plate via 
inductance L, ^^en the current • 
is .a maximum in the coil the 
energy stored in it is equal to 
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and this is equal to the energy 

previously stored in the condenser, " 

- ~ At this stage the energy in * 

the condenser is zero. Fig. 35 [b). 
The current passes through the 
coil to the negative plate of the 
condenser with the result that the 
magnetic field in the coil com- “ 
mences to collapse. The previous ■ 
negative plate is now charged 
positive Fig. 36 {a). 

The collapsing magnetic field 
tends to prolong itself by opposing 
the cause of its collapse (Lenz's 
Law). When it has completely disappeared the con¬ 
denser is again fully charged but with reversed 
polarity, and current commences to flow again through 
the coil (this time in the reverse direcfion) (Fig. 366). 

The energy in the coil will become a maximum as 
previously. The condenser will lose its energy and 
then be charged once again after the current has passed 
through the coil. The condenser then receives its 
original polarity. One complete cycle or oscillation 
has now taken place, and the current commences to 
make its second oscillation. The oscillations would, 
pntinue indefinitely if there were no resistance present 
in the circuit, but as this is always present the ampli¬ 
tude of each succeeding oscillation will become smaller 
until the oscillation fades out. 

How could oscillations in a circuit cotfiprising 
inductance, capacitance and resistance he main- 
tained by^ the use of a triode valve? 

A free oscillation would continue indefinitely if 
-there were no loss in energy and thus no decrease in 
the afifiplitude of the wave. Every circuit possesses 
resistance and therefore loss, of energy will occur in 
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the form of heat. If, however, it could be arranged to 
supply energy back into the oscillatory circuit at the 
same rate as it is is expended, the oscillation would be 
maintained indefinitely. This can be achieved by 
inductive feed-back coupling with the aid of a triode 
valve, connected to the oscillatory circuit as shown 
in Fig. 37. 

Fig. 37. 

The oscillatory circuit {Li C and R) is coimected 
between the filament and grid of the valve. The 
oscillatory grid voltage, Vg causes a current of the 
same frequency to flow through the valve and the coil 
Lf The current flowing through Z, induces a voltage 
and current into the oscillatory circuit. Energy is 
thus introduced into the oscillatory drouit. By suit¬ 
able adjustment of Li and i, it can be arranged that 
the energy introduced into the oscillatory circuit is 
equal to the energy dissipated in that circuit. As a 
result of this zero loss, the amplitude of the oscillatory 
wave is maintained and the oscillation can continue 
as long as required. 

What do you understand by the term anode bend 
rectifier? State the turn methods of anode bend 
rectification and illustrate each. Which method 
is preferable? 

An anode bead rectifier is a device used for detecting 
70 



wireless signals which makes use of the rectifying pro* 
perties of the anode to filament path of a valve. It is 
so named because it employs the bend in the char¬ 
acteristic curve showing the relation between anode 
current and grid voltage. 

The two methods of anode bend rectification are 
known as the lower anode bend and the upper anode 
bend methods of rectification. Both methods are 
rendered possible by the non-linear mutual character¬ 
istic curve of the triode valve (Figs. 38 and 39). 
Operation takes place on the lower bend of the mutual 
characteristic curve in the first instance and on the 
upper bend in the second instance. 

Fig. 38 

^ Fig. 38 illustrates the lower bend method of rectifica¬ 
tion. Radio frequency oscillations applied between 
the grid and filament produce asymmetrical varia¬ 
tions of current in the anode circuit since the current 
increases more during the positive half cycles of 
oscillatory grid voltage than it decreases during the 
negative half-cycles. 

Fig. 39 illustrates the upper bend method of rectifica- 
tiofi and from this it can be seen that the anode current 
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decreases more during the negative half-cycles of 
oscillatory grid voltage than it increases during the 
positive half cycles. 

Fig 39 

Lower bend rectification is preferable because with 
upper bend rectification more current is taken from 
the high-tension battery. Another advantage of 
lower bend anode rectification is that the jiormal 
steady value of grid potential is negative with respect to 
the filament and therefore no grid current flows. If 
grid current flows then a certain amount of energy is 
absorbed from the input circuit, thereby increasing its 
damping. 

What do you understand by cumulative grid 
rectification ? Describe the operation of a cumula¬ 
tive grid rectifier, explaining the action of the grid 
leak. 

Cumulative grid rectification is the term applied to 
a method of rectifying radio-frequency signals by means 
of a triode valve and a combination of condeiwer and 
resistance (grid leak) connected in the grid circuit^ 
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Fig. 40. 

Fig. 40 shows one circuit arrangement for cumulative 
grid rectification. 

The action of the leaky grid detector may be best 
understood if it is considered to comprise a diode 
detector followed by a triode amplifier. 

For rectification the triode grid functions as the 
anode of a diode. If a radio frequency wave is applied 
between the grid and filament, as shown in the diagram, 
the grid will be alternately positive and negative with 
respect to the filament during succeeding half-cycles. 
When the grid is positive, electrons will be attracted 
from the filament (i.e. grid current will flow) and the 
plate of condenser C connected to the grid will be 
negatively charged. During negative half-cycles, no 
grid current will flow thus there will be no increase in 
the negative grid potential, in fact some of the negative 
charge will leak away via resistance i?. The negative 
charge on the grid will be increased during each positive 
half-cycle until the potential developed between grid 
and filament is equal to the peak R/F voltage. If the 
applied R/F wave is modulated at an audio-frequency, 
the negative charge produced on the grid during 
successive positive half-cycles will vary and if the value 
of R is chosen to permit the correct leakage during 
negative half-cycles, the potential across R >^1 follow 
the modulation envelope of the R/F wave. If the grid 
leak R is omitted, the grid potential assumes a value 
equal to the peak of the R/F wave and since grid 
current ceases to flow, rectification is prevented. 

Tl^' varying potential across R is applied across the 
grid and filament of the* valve considered as a class 
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A amplifier working on the straight portion of its 
characteristic, the receipt of a signal tending to decrease 
the mean anode current. Both A IF and R/F com¬ 
ponents of the varjdng grid potential are amplified and 
reproduced in the anode circuit, the latter being by¬ 
passed by the -ooi condenser. 

The grid rectifier cannot handle an incoming signal 
of large amplitude for if the grid swing is too great, 
the working point reaches the curved part of the mutual 
characteristic where lower anode bend rectification 
occurs, distortion being introduced. 

It may be found when using some triodes that grid 
current will not flow, a condition essential to the grid 
detector, unless the grid is slightly positive with respect 
to the negative end of the filament. Under these 
conditions it is usual to coimect the grid leak between 
the grid and the positive end of the filament. 

What do you understand by the term intervalve 
coupling? Name the three methods of intervalve 
coupling, and illustrate each with a diagram. 

An intervalve coupling is the circuit between any 
two valve circuits, to ensure that the signals are passed 
from one valve circuit to the next without distortion. 

The three methods of connecting valves together are: 
(ij Resistance capacity coupling. 
(2) Choke capacity coupling, 

s (3) Transformer coupling. 
Figs. 41 (a), (h) and (c) show respectively: 
A two-stage resistance capacity coupled amplifier; 

a two-stage choke capacity amplifier and a two-stage 
transformer coupled ampl&er. 

What is the chief difference between intervalve 
coupling^ for radio-^fretfuency, amplification and, 
intervalve audio - frequency couplings Give a 
circuit diagram of a two^^stage radio^fregumtVy 

7,4 



Audio ^roquenc^ a.mpiiFier using resistAnce cftfaoiiy coupling. 

Cl C 

Audio'froquoncy amplifior using choke cspacity coupling 

|6) 

Out^xit 
Voltage 

M 
Fig. 41. 

transformer-coupled amplifier and explain ifs 
operation. 

The intervalve couplings used for radio-frequency 
ampMers are invariably tuned circuits, wh^eas the 
intervalve coupling used for audio-frequency amf^ifica- 
tion need not be tuned. 
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Output 
Voltage 

Fig. 42 is a circuit diagram of a two-valve radio¬ 
frequency transformer-coupled amplifier. The input 
signals are applied between the grid and filament of 
valve Fi, resulting in current variations in the primary 
coil Zi of the intervalve transformer. Let the mutual 
inductance between the primary and secondary coil 
be denoted by M then the voltage induced in the coil 
L 2 is equal to ojMIa where la is the value of the oscilla¬ 
tory anode current of valve Fx. The secondary circuit 
consisting of the coil L% and the variable condenser C 
is adjusted to resonate with the signal frequency 
resulting in a maximum current in the secondary 
circuit. The voltage applied to the grid of F2 will 
therefore be the resultant rise in voltage of the tuned 
secondary circuit. The value of this amplified voltage 
will be ^coM/a. where Q is the efficiency of the coil, 
being the ratio of the coil reactance to the coil resistance 

Describe briefly the screen grid valve or tetrode. 
What is the function of the respective electrodes? 
How does the amplification of this type of valve 
compare with that of an ordinary triode. What is 
the reason for the introduction of the screen grid? 

The screen g^d or tetrode is a four-electrode valve 
(Fig. 43), consisting of a filament or cathode, a control 
grid^ a screen grid and an anode. The control grid 
performs a similar function to the grid in the triode 
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valve and is therefore placed nearest to the cathode. 
The electrons which are emitted from the cathode 
when it is heated pass to the anode or collector plate 
via both the control and screen grids, the screen grid 
is capable therefore of influencing the flow of electrons, 
depending of course upon the potential of the screen 
grid with Respect to the anode. The main reason, 
however, for the introduction of the^ screen HectlfoSe 
Is to 7eTucT“t1i^ capacityTietween The 
cathode and anode plates. Wlien triode valves are 
Used in radio-frequency ampli¬ 
fying stages the amplifier is 
liable to burst into self¬ 
oscillation due to retroaction 
through stray capacitances be¬ 
tween anode and grid circuits 
and in particular through the 
capacitance existing between 
the anode and grid themselves. 
This effect is eliminated by 
interposing a screen or further 
grid between the anode and the control grid and 
applying a fixed D.C. potential to it. The function of 
the screen grid, therefore, is to eliminate the grid/ 
anode capacitance of the valve. 

The amplification factor of this type of valve is 
considerably higher than that of a triode valve. 

Anode 

Screen 
Grid 

Control 
Gri d 

Cathode 

Fig. 43. 

the control grid 

Draw a typical anode voltslanode current curve 
of a screen^grid valve, fixed screen voltage to be 80 
and the grid bias one volt. With the aid of the 
curve explain the meaning of the term secondary 
emission 

Fig. 44 represents a typical anode volts anode current 
characteristic curve of a screen-grid valve. At first 
the electrons are attracted to the screen grid and 
remain there, none flowing to the anode because of 
its low potential. 

As the anode potential is increased, however, a few 
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ANODE VOLTS 

Fig. 44. 

electrons commence to reach the anode causing a 
current to flow. It will be seen from Fig. 44 that at this 
stage the current commences to rise steeply with each 
increase in anode voltage. As the anode potential is 
increased still further, the electrons striking the anode 
will cause secondary emission, i.e. will rebound and 
since the screen is positive to the anode, will be attracted 
back to the screen. The anode current will therefore 
decrease once more until the anode potential becomes 
almost equal to that on the screen. When the anode 
potential exceeds the screen potential electrons re- 
boimding from the anode will not be attracted to the 
screen, but will return to the anode, causing the current 
to rise ^ once more. The working part of the char¬ 
acteristic is that between points A and B, 

Explain how the grid of a variable^mu valve 
differs from that of an ordinary screen grid valve. 
Explain how the variable-mu effect is achieved. 

The pitch of the control grid wire in an ordinary 
screen grid valve is constant throughout, whereas the 
pitch of the wire at one end of the control grid of a 
variable-mu valve is different from that at the other 
end. The degree of control over the anode current 
depends upon the closeness of the mesh or pitch of the 
wires forming the grid. The closer the grid wires are 
placed together, the greater will be the control 
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exercised by the grid, and with it the mutual con¬ 
ductance of the valve. It follows, therefore, that with 
the variable-mu valve the degree of control and thus 
the mutual conductance would be different on the. 
portions of cathode stream emerging from the re¬ 
spective lengths of the cathode surrounded by these 
two grid sections. The variable-mu anode-current/grid 
voltage curve is therefore a combination of two curves, 
one less steep than the other. 

What is a variable-mu valve? How do its 
mutual characteristics vary from those of the stan¬ 
dard screen-grid valve? What is its main applica¬ 
tion in a wireless receiver? 

A variable-mu valve is one in which the mutual 
conductance varies smoothly with changes in grid 
bias. Fig. 45 shows the mutual conductance char¬ 
acteristic curves of an ordinary screen-grid valve and 
a variable-mu valve. 

Considering the ordinary screen grid curve Fig. 45, 

ANQM 
CURfItNT 

(mA) 

GRID VOtTS 
Fig. 45. 
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it will be seen that when the grid bias exceeds — 
8 volts, there will be no anode current flowing. This 
means that if an incoming signal causes the grid voltage 
to fluctuate more than —8, no corresponding variation 
will be produced in the anode current, resulting in 
distortion. On the other hand, with the variable-mu 
curve, the anode current is reduced very slowly, 
enabling the input-grid to handle up to — 40 volts 
before the zero anode current condition is reached. 
Thus the distortion mentioned in the case of the straight 
screen grid is prevented in the variable-mu valve. 

The variable-mu valve is used extensively in wireless 
receivers as the volume control element, because of 
its wide range of amplification. 

Draw a diagram of the electrode assembly of a 
pentode valve. How does it differ from the screen* 
grid valve? Compare the characteristic curves of 
the screen*grid and pentode valves. In what part 

of a circuit are 
pentodes usually 
employed? 

Figs. 46 and 47 
show the arrange¬ 
ment of the elec¬ 
trodes in a pentode 
valve. It differs 
from the screen- 
grid valve in that 
an additional 
screening grid is 
interposed b e - 
tween the corltrol 
grid and the anode 
to prevent 
secondary emis¬ 
sion effect, which 
occurs in screen 
grid valves. 

THE PENTODE 
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CATHODE , 

Fig. 47. 

A pentode characteristic curve (full line) compared 
with a screen-grid characteristic curve (broken line) is 
shown in Fig. 48. 

ANOO« 
CUttMNT 

mA 

^ eo <«0 300 SAO teo 

ANODE VOLTE 

Fig. 48. 

A pentode has a high amplification factor and can 
handle relatively large outputs, and is therefore largely 
employed in the output stages of a receiver. High- 
frequency pentodes are in use in H.F. circuits where a 
comparatively large output is required. 
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Explain the action of the suppressor grid in a 
pentode valve. 

The suppressor ^id in a pentode valve is main¬ 
tained at a potential which is considerably negative 
with respect to both the screen and anode (cathode 
potential). Thus, when the anode voltage is lower than 
that of the screen grid and emits secondary electrons 
due to bombardment by the electron stream coming 
from the cathode, these secondary electrons will not be 
attracted by the screen because of the interposition of 
the negative potential on the suppressor ^id. This 
negative potential on the suppressor grid causes the 
secondary electrons to be repelled back to the anode, 
thus the kink which is present in the characteristic 
curve of a screen-grid valve caused by the passage of 
electrons fyom the anode to screen is prevented (see 
curves. Fig. 49). By removing this kink a considerr 
able increase in the output voltage swing available 
from the valve can be obtained. 

Sketch the electrode assembly of a double-diode-- 
triode valve. 

Draw two simple circuits incorporating a double- 
diode-triode valve, and explain the operation of 
one of them. 

DIODE 

Fig. 49, 
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Figs. 50 and 51 are two circuits which incorporate 
the double-diode-triode valve. Fig. 50 shows the 
valve acting as a full wave rectifier and amphfier 
while in Fig. 51 the valve is connected to provide 
automatfc volume control. In the latter case the 
double-diode-triode valve is connected for signal 
detection by Dx, low frequency amplification by the 
triode section, and production of automatic volume 
control (A.V.C.) voltage b3r diode £>,. Fig. 50 only 
shows the relevant A.V.C. circuit. 

Operation. 
Signal voltage is coupled by condenser Ci from the 

intermediate frequency {I.F.) amplifier anode to the 
A.V.C. diode anode D*. This anode'is biased negatively 
by the voltage drop in f?, in the main H.T. negative- 
lead of the receiver. 

Automatic bias is this produced in Ry and which 
are by-passed by the electrolytic condenser C4. The 
full voltage drop in these two resistances may con¬ 
veniently be used for the bias of the output valve. 
Negative bias for the A.V.C. diode is applied via the 
load resistance j!?g. Rectified current from Z), passes 
through resistance i?i and the voltage so developed is 
applied to the amplifier valves through resistance R», 
whkjh, with condenser C» forms the filter. With this 
arrangement the delay bias is applied also to the 
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DELAYED AVC. FOR BATTERY RECeTvER , 
Fig. 51. 

controlled valve as grid bias, so that this circuit may 
provide the minimum bias for these valves. 

Give a brief description of the triode-pentode 
valve and draw a simple circuit incorporating 
this valve. 

Figure 52 shows the arrangement of the electrodes of 
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a triode-pentode valve. The triode pentode is a fre¬ 
quency changer. It consists of a triode oscillator and 
a pentode mixer within one envelope. The pentode 
section has variable-mu characteristics, the suppressor 
grid acting as the oscillation injector grid. Variable 
conversion gain is controlled by the biasing voltage 
applied to the first grid of the pentode. A parallel 
feed circuit is employed for the oscillator, with tuned 
anode circuit. Coupling of the oscillator and mixer 
is by the common coil L. 

Indicate diagrammatically the arrangement of 
the electrodes in a pentagrid valve^ Explain the 
action of the valve when functioning as a frequency 
changer. 

Figure 53 shows the arrangement of the electrodes 
in a pentagrid valve. 

It will be seen upon inspection that the valve consists 
of two sections : 

Fig. 53. 
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(1) ' The triode section—consisting of the cathode 
and the first two grids, and 

(2) * A tetrode section—consisting of the anode and 
grids three, four and five. 

When the valve acts as a frequency-changer, the 
triode section acts as an oscillator. The second section 
acts as a screened tetrode, with emission from the 
second grid of the triode section modulated at the 
Oscillator frequency. In the tetrode the modulated 
emission is again modulated by the signal which is 
impressed upon the fourth grid. 

^ The anode circuit accepts the intermediate frequency 
and passes this component of the modulation'products 
to the succeeding amplifier valve. The Tetrode is 
designed to have "'variable-mu'' characteristics and 
the sensitivity can therefore be controlled by the grid 
bias voltage applied to the fourth or radio frequency 
control grid. The screening grids cause the valve to 
have a high A.C. resistance and a high conversion gain 
when the anode load impedance is high. 

Fia* 54. 

Fig. 54 is a circuit containing a pentagrid valve 
acting as a frequency changer in ^ iuperhet receiver. 

Draw the arrangement of the electrodes of a 
triode-'hexode valve. What is the function of this« 
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type of valve? How is the internal coupling he^ 
tween the two sections of the valve obtained? 

Fig. 55 clearly illustrates the various electrodes hti 
a triode-hexode valve. It consists of two separate 
electrode assemblies—a triode section and a hexode 
section—shaving a common cathode. The valve acts 
as a frequency-changer, the triode portion acting as 
the oscillator and the hexode as the mixer. Internal 
coupling is provided by connecting the grid of the 
triode to one of the grids of the hexode. 

THE TRIODE HEXODE 
Fig. 55. 

What is meant by a ** distorted wave-form *^? 
Show with the aid of curves how distortion can be 
avoided by adjusting the working point on the 
mutual characteristic curve of the valve. 

Distortion is the change in shape of the transmitted 
wave which occurs due to line or apparatus. For 
instance, distortion is caused in an amplifier if the 
shape of the wave at the output is' not the same as 
that at the input. The magnitude of the wave, of 
course, will be greater at the output side, but the actual 
shape of the wave should not vary. The first require¬ 
ment for distortionless amplification is to ensure that 
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a linear relation exists between grid voltage and anode 
current of the amplifying valve. Fig. 57 shows a 
valve so biased that distortion is introduced due to 
non-lineality between grid voltage and anode current, 
or in other words, due to working on the lower bend of 
the grid volts anode current curve; the anode current 
variations and hence the output wave-form is asym¬ 
metrical and distorted. 

This type of distortion is overcome by adjusting the 
constants of the valve so that any grid swing produces 
anode current variations on the straight portion of the 
characteristic as shown in Fig. 57. 
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CHAPTER IV 

RECEIVERS 

What is a crystal detector? How may this appar¬ 
atus be employed for the reception of electro¬ 
magnetic signals? 

The crystal detector is a form of “one way” device 
or rectifier, especially suited to the rectification of very 
small radio-frequency voltages. 

The most common forms of crystal detector are-as 
follows; 

(1) Galena crystal with phosphor-bronze “cats- 
whisker,” 

(2) Zincite-bornite crystal couple. 
(3) Carborundum crystal with steel spring. 

Fig. 58 shows the characteristic curve of a t3q>ical 
crystal detector. The characteristic curve is a graph 
of the crystal current plotted against applied voltage. 

If the operating point of the crystal is adjusted to 
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** X** it will be seen that application of a symmetrical 
voltage produces an asymmetrical current. 

Some crystal combinations, for example (i) and (2) 
above, find their working point automatically, but 
others such as (3), carborundum and steel, require 
application of a small external polarising potential 
before rectification may be achieved. 

A simple circuit for the reception of electro-magnetic 
waves by means of a 
crystal detector is illus¬ 
trated in Fig. 59. 

Variable condenser 
Ci in conjunction with 
fixed inductance Li 
permits the receiver 
to be tuned to the 
required transmission. 

Electro-magnetic 
waves in the aerial set 
up a varying radio¬ 
frequency potential 
across Li and Ci, this potential also being applied 
across the crystal couple via the radio-frequency 
by-pass condenser C2. 

The audio-frequency currents produced by the 
detector flow through the windings of the telephones, 
and the resulting movements of the diaphragms set 
up sound waves corresponding to the modulation of 
the radio-frequency signal. 

Why is it necessary to use a detector in the recep^- 
tion of modulated radio-frequency wave-trains? 
Amplify your answer with suitable diagrams 
showing the effect of rectification. 

When the amplitude of a radio-frequency wave-fonu 
is co^trolled by a speech frequency known as audio 
frequency, it is said to be modulated, and in this way 
intelligence can be transmitted. Although the ampli¬ 
tude of the radio-frequency waves has been varied the 
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frequency at which they radiate is only slightly altered, 
and in order to understand the message transmitted, 
the receiver after tuning to the frequency of the trans¬ 
mission must suitably convert the modulated high- 
frequency wave-form so that the intelligence is con¬ 
veyed either by audio frequencies to the ear, or by 
some^scanning device to the eye. This is brought about 
by rectifying the modulated signal and obtaining a 
pulsating direct current which varies in magnitude in 
accordance with the original modulation frequency. 
Such a process is known as “detection" or “rectifica¬ 
tion," and is necessary because a pair of telephones, 
for instance, if inserted in the tuned circuit alone, 
would not respond to the high-frequency current due 
to the high impedance of the coils, and also the dia¬ 
phragm would not vibrate at such a high frequency. 
In addition, the human ear is not capable of responding 
to radio-frequency vibrations, being limited to sounds 
caused by air vibrations between i6 and 20,000 cycles 
per second. 

Modulated wave applied 
to defeetdr 

Afftr rectification 

Current which operates 
headphones 

Fig, 60. 
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The pulsating direct current, due to rectification, is 
the cumulative uni-directional component of the vy^avc- 
form and may be made to vibrate a telephone diaphragm 
in accordance with the strength of the current. 

Fig. 6o (a) shows the voltage variations of a wave 
train applied to the rectifier. Fig. 6o (6) shows the 
current through the detector. Fig. 6o (c) shows the 
resultant cumulative uni-directional current which 
actuates the telephones at the modulation frequency. 

A simple receiver is required tor the reception 
of a local, medium-wave broadcasting station. 

Draw the circuit diagram of a suitable instru¬ 
ment, giving reckons for your choice. 

Since reception of a local station only is required, 
inclusion of a radio-frequency amplification stage will 
not be essential as the ratio of wanted to unwanted 
signal will be high. 

Again, the comparatively high field strength will 
result in a large detector output, sufficient to load an 
output pentode, an audio-frequency stage not being 
required. 

A suitable circuit would thus comprise a triode 
detector with reaction, and an output pentode feeding 
an energised loudspeaker, the energising coil being 
utilised for smoothing the H.T. supply. 

As reception of one station only is required, the 
tuning and reaction condensers may be of the pre-set 
type, the only external control being a combined 
volume control and on/off switch. 

Fig. 6i shows the circuit arrangements, Fi and V2 
being an indirectly-heated triode and pentode respec¬ 
tively. 

Describe with the aid of a block schematic dia- 
^gram, the operation of a Super-heterqdyne receiver 
suitable for the reception of iR^adio Telephony^ 

The general principle involved in the operation of a 
superheterodyne receiver is to heterodyne or beat the 
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Fig. 62. 

incoming radio-frequency wave against the radio¬ 
frequency wave produced by a local oscillator. The 
frequency of the local oscillator is chosen to ensure 
that the frequency difference between the two oscilla¬ 
tions i.e. the intermediate frequency (IF) is well above 
the audio limit, i.e. of low radio frequency or super¬ 
sonic. 

The oscillation resulting from the beating of the two 
frequencies is rectified by the ist detector, the R/F 
component is by-passed whilst the I/F component is 
passed to the I/F amplifier and then to the 2nd 
detector. The I/F output component of the 2nd 
detector is by-passed whilst the A/F component is 
amplified by the A/F amplifier and passed to the loud¬ 
speaker or telephones. 

The R/F amplifier is added to improve the sensitivity 
and selectivity of the receiver in addition to isolating 
the local oscillator from the aerial system, thus pre¬ 
venting interference with adjacent receivers. 

Special I/F transformers are utilised to couple the 
1st detector and I/F amplifier which are designed to 
have a sfiarp cut-off above and below the I/F band 
width required. Interference from unwanted signals 
is therefore reduced to a minimum. 

Suppose the receiver is tuned to a wavelength of 
200 metres (1500 Kc/s) and the heterodyne frequency is 
1450 Kc/s, the I/F being 50 Kc/s, Another signal on 
the"^Tij"acent frequency of 1510 Kc/s would produce an 
I/F of 60 Kc/s which would be readily rejected by 
the I/F circuits tuned to 50 Kc/s. If, however, a 
signal is received on a frequency of 1400 Kc/s, it will 
be seen that the I/F will again be 50 Kc/s, which will 
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be passed to the I/F amplifier and subsequent stages. 
Interference received on the second frequency which 
produces the same I/F as the wanted signal is termed 
second channel interference. 

The tuning of the R/F stage would need to be ex¬ 
tremely selective to differentiate between 1400 and 
1500 Kc/s. In practice second channel interference is 
eliminated by the careful choice of heterodyne fre¬ 
quency. 

What is the usual choice of IjF for the following 
superheterodyne receivers: 

(a) Medium wave WjT? 
(b) Medium wave commercial RjT? 

Give your reasons* 
What Intermediate Frequencies are chosen for 

Short Wave WjT and R/T receivers respectively? 

The choice of intermediate frequency for a super¬ 
heterodyne receiver determines to a great extent the 
selectivity of the receiver and depends upon the use 
for which the apparatus is intended. 

The two most common types of interference affecting 
superheterodyne receivers are: 

(1) Adjacent channel intererence. 
(2) Second channel interference. 

In the case of a medium-wave receiver designed for 
the reception of W/T signals, the I/F is generally 
40 Kc/s with 20 Kc/s as the lower limit. The use of 
this frequency ensures low adjacent channel interference 
and by providing separate control of the heterod3me 
oscillator frequency, second channel interference can 
be readily eliminated. 

To illustrate numerically. 
Suppose the receiver is tuned to 800 Kc/s with a 

heterodyne frequency of 760 Kc/s, an unwanted trans¬ 
mission on 810 Kc/s would produce an I/F of 50 Kc/s, 
which would be readily rejected by the I/F transformer 
tuned to 40 Kc/s. If second channel interference was 
experienced from a transmission on 720 Kc/s, adjust- 
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mcnt of the heterodyi^ frequency to 840 Kc/s would 
eliminate the interference. 

Next to consider a commercial medium wave R/T 
receiver. To simplify operation it is not usual to 
afford separate control of the heterodyne oscillator, 
but as a very high degree of adjacent channel selec¬ 
tivity is not generally required, it is possible to obviate 
second channel interference by utilising a much higher 
I/F, 450 Kc/s being a very common value. 

Suppose the receiver is tuned to 800 Kc/s and the 
heterodyne oscillator is adjusted to 350 Kc/s, the fre¬ 
quency of second channel interference which would 
produce an I/F of 450 Kc/s would be 1250 Kc/s, a 
frequency readily rejected by the R/F tuned circuits. 

In the case of H/F (short wave) receivers, common 
values of I/F are as follows: 

(a) 120 Kqs for W/T receivers. 
(b) 450/500 Kc/s for R/T receivers. 

In the very latest types of H/F R/T receivers, 
intermediate frequencies as high as 1600 Kc/s are 
frequently employed. 

/ 

Quality of reproduction in the early types of 
superhet receiver was poor, owing to the sharp 
selectivity reducing the intensity of high notes. 
Explain with the aid of a diagram how this trouble 
was overcome. 

This early troublesome effect was overcome by the 
arrangement shown in Fig. 63. 

The coils Li and L2 of the intermediate frequency 
transformer were tuned by condensers Ci and Cg 
respectively, forming two coupled tuned circuits. ‘For 
distant reception the arrangement had to be highly 
selective, but this was not necessary for the strong local 
stations. To enable the listener to obtain better 
quality on local reception, resistances Ri and i?a were 
introduced into the tuned circuits by means of switches 
Si and St. As will be seen from Fig. 63 i?i is in parallel 
with the primary tuned circuit and Rj in series with 
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the secondary tuned circuit. When these resistances 
are introduced into the circuit the gain of the stage 
was reduced to about one-twentieth of that given when 
they are out of circuit, but at the same time the selec¬ 
tive tuning peaks, are flattened considerably and a 
band-pass filter effect obtained, resulting in improve¬ 
ment of quality. 

Fig 63. 

Amplify the phrase ** correct loudness ** as 
applied to a radio receiver. What are the power 
requirements of a modern receiver to obtain correct 
loudness? 

“Correct loudness” plays a very important part in 
radio reception. For correct loudness what is needed 
is the same sound strength at the listeners’ ear as at 
the original performance. 

The power actually needed to produce this depends 
on the size and acoustic properties of the room, and 
to some extent on the listener’s taste. Some concert- 
goers prefer a back seat in the upper circle, others a 
stall near the conductor. Naturally “the original 
performance ” is a much louder thing for the latter 
than the former; but which ever it may be, that is 
the correct standard to work to. 

The power necessary to produce this effect is even 
more variable; for it depends on the loud-speaker and 
its position as well as on the room and' the listener. 
It has been foimd from experience that to allow for 
occasional loud orchestral crashes without distortion 
and give a comfortable feeling of power in hand, when 
wanted, the undistorted output of the receiver should 
be approximately one to two watts for the average 
sized room of a house. 
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Describe one methoJ'of Push Button Tuning. 
Why is this form of tuning unsatisfactory on the 

short-wave bands? 

The Push Button tuning system illustrated in Figs. 
64 and 65 utilises an electric motor which, on depres¬ 
sion of a button, rotates the condenser vanes to the 
correct tuning position of the station selected. 

The electrical equipment consists of a strip of push 
buttons fitted with normal and operate contacts, an 
insulated disc carrying two metal half-plates separated 

Fig. 64. 

Contmct 

Fig. 65. 
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by insulating gaps, mounted on the condenser shaft, 
and an insulated semi-circular ring carrying the same 
number of adjustable contact fingers as there are push 
buttons. The electric motor has two windings, one 
for clockwise and the other for anti-clockwise rotation. 
A magnetic clutch is incorporated in the motor drive, 
the latter rotating the condenser shaft via reduction 
gearing. 

The push buttons are mechanically interlocked so 
that a depressed button remains in that position until 
a second button is operated, when the first is restored. 

Power for the motor and magnetic clutch is derived 
from an additional winding on the mains transformer. 

Suppose Button No. i is depressed. 
A circuit for motor coil A and the magnetic clutch 

is completed via Contact Ci and half-disc D2. The 
motor starts up and operation of the clutch permits 
rotation of the shaft in a clockwise direction until 
insulating gap Ii rides beneath Ci, when the clutch 
and motor are de-energised and rotation ceases. 
Rapid action of the clutch minimises the possibility 
of overrunning so that Ci makes contact with half¬ 
disc Di; should this occur, however, motor coil B 
(and the clutch) will be energised and the shaft rotated 
in an anti-clockwise direction until Ci rests on the 
insulating gap. As contact Ci has been adjusted to rest 
on the insulating gap when the condenser vanes are in 
the exact tuning position for the selected station, it will 
be seen that depression of Button No. i causes the 
condenser vanes to rotate until that station is "tuned 
in." 

Push-button tuning of a short-wave receiver cannot 
be satisfactorily accomplished by the above or any 
other reasonably inexpensive method, as the requisite 
tuning accuracy is unobtainable. 

What do you understand by automatic volume 
control? Why is common automatic volume 
control used with diversity receivers? 

Automatic volume control is a feature incorporated 
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in the circuit whereby the amplification of the receiver 
is controlled by the signal being received so that the 
output of the receiver remains sensibly constant, i.e. 
the greatest amplification is obtained when the incom¬ 
ing si^al is weak. Changes in signal strength due 
to fading are thereby automatically compensated for. 
This is achieved in the following manner. The voltage 
produced by the signal at the output of the detector 
valve is fed back as grid bias to the high-frequency 
amplifying valves and controls their amplification. 
Variable-mu valves are used for this purpose. 

When the required signal is fading, one or perhaps 
more of the aerials are providing very little energy to 
their respective receivers and therefore contribute little 
or nothing of the signal to the common V.F. output. 
Nevertheless they still provide their quota of '‘noise*' 
to the output. In other words conditions will arise 
where all the receivers contribute noise but only one 
receiver is contributing the wanted signal to the com¬ 
bined output. By using a common A.V.C. voltage 
for all receivers the final output is chosen automatically 
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from the receiver or receivers giving the best results. 
In effect the A.V.C. voltage provided by the receivers 
experiencing the strongest signal will reduce the R/F 
gain of the receivers that are more or less idle, thus 
partially shutting them down until they again receive 
the desired signal at sufficient strength to be of value 
to the combined output. Fig 67 shows a suitable 
A.V.C. control. 

Explain briefly what you understand by " Diver- 
sity Reception/* Why use Diversity Reception ? 

This is the term applied to the system of reception 
where two or more receivers are tuned to one fre¬ 
quency. The '"outputs'" of the receivers normally 
being combined to give a common voice frequency 
output. The receivers would have their own aerial 
systems and the aerials should have separate locations, 
being spaced by as great a distance as the available 
site will allow. For H/F work competent authorities 
suggest that aerials should be spaced about 15 wave¬ 
lengths apart in all directions. In practice spacing of 
1,000 feet gives excellent results, but much closer 
spacing may be used without losing all the advantages 
of the "diversity" system. 

To assist in overcoming the phenomenon of fading 
which is more serious at the higher frequencies. In 
general this fading is due to an interference effect pro¬ 
duced by waves arriving at the receivers having followed 
paths of different lengths from the transmitter. Single 
receivers placed a few hundred feet apart experience 
different degrees of fading when timed to the same 
signal. It therefore follows that grouping the re¬ 
ceivers into one unit with the aerials of each receiver 
spaced a few hundred feet apart will enable each aerial 
to be influenced by the wave at different periods of the 
fade. A fading signal will give each receiver via its 
own aerial, a different input. This "input" is ampli¬ 
fied in the ordinary manner and the outputs combined 
to give a far greater constancy of signal level than 
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could be obtained from a single aerial and receiver. 
The whole object of diversity reception is to obtain as 
far as possible a constant signal level from the receivers. 

What is the purpose of negative feed-back in an 
audio-frequency amplifier? Show by a diagram 
how it is applied and explain the manner in which 
negative feed-back achieves its object* 

Negative feed-back is used in an audio-frequency 
amplifier to reduce amplitude distortion and noise, and 
to reduce variations of gain resulting from variations 
of supply voltages and valve constants. It may also 
be used to reduce frequency distortion or to equalise 
frequency distortion in other equipment. 

o—^ 

O.^ 

Fig. 68. 

A two-stage triode, resistance capacity coupled 
amplifier with negative feed-back is shown in Fig. 68. 
A current proportional to the load is fed through 
potentiometer .R„ i?j, the drop across 1?2 being applied 
to the grid of the first valve, in series with the input 
voltage. 

FE£0 BACH 0£ 

Fig. 69. 
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Fig. 69 is*a block diagram illustrating the principle 
of operation of negative feed-back. A fraction pE 
of the output voltage E is fed back and applied in 
series with.the input voltage Cg. 

The sign of p is such that if the net input level is 
reduced by feed-back, P is negative. Let A be the 
amphfier gain without feed-back, then with feed¬ 
back the input is e, -f pE and 

{e. -f PE)A = E 
i.e. CsA pEA = E 
i.e. e,A = E{i — pA) 

which is the effective gain of the amplifier with feed¬ 
back. 

If pA is very much greater than one 
E ^ A ^ ^ 
Ct — pA P 

That is, the effective gain of the complete network 
is dependent only upon the fraction p of the output 
voltage fed back, and is substantially independent of 
the gain of the amplifier. Since pA may be made large 
by making P small and increasing A, the advantage 
of negative feed-back may be realised without necessar¬ 
ily sacrificing gain. In other words, if the gain of a 
certain amplifier without feed-back is A, it can be 
replaced by another amplifier of higher gain (A*), 
but with negative feed-back, the fraction of output 
voltage feed-ba.ck ()8‘), and the value of A^ being such 
that the net gain of the complete network A^/{i — P'^A^) 
is equal to A. 

Since, in the circuit of Fig. 68 the value of j8 is 
determined by the ratio -f i?,) and this is sub¬ 
stantially independent of variations in valve con¬ 
stants, supply voltages and signal frequency, any 
variations in the gain associated with these amplifiers 
are considerably reduced by the application of negative 
feed-back. Negative feed-tack may be employed in 
an amplifier for use as an equaliser, by adding reactances 
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to the circuit Ri, 2?», so that the transmission loss 
characteristic of the circuit across which the feed-back 
voltage is developed, is the same as the desired gain 
characteristic of the amplifier with feed-back. In 
other words, to correct for frequency characteristics 
of a netwotk connected in circuit with the amplifier, 
the feed-back network is designed to have a frequency 
characteristic identical with that to be corrected. 

Reduction of Distortion Generated in the Amplifier. 

Let d represent the amount of distortion due to the 
amplifier and appearing in the output circuit when 
the signal output is E. Let D represent the reduced 
amount of^ distortion appearing in the output circuit 
when negative feed-back is appHed and the gain of 
the amplifier is increased to give the same signal output 
E as before. The distortion voltage fed back to the 
input circuit and amplified A times, is then j8£>. 
Then, assuming that aU distortion is generated in the 
final stage, the total distortion output isD = d + A /8D, 
Hence D = <f/(i — A fi), or, the use of negative feed¬ 
back reduces the distortion in the radio i/(i —A jS). 

Improvement in SignaljNoise Ratio. 

The conditions in two amplifiers, one without feed¬ 
back and one with feed-back, are represented in Figs. 
70 and 71 respectively. 

Fig. 70. 

It is assumed that all noise is introduced at one point 
in each amplifier, ai, Ut and Ai, At are the gains of 
the portions of the amplifier; the signal input and the 
signal output (E) are assumed tq be the same in each 
case; n represents the level-of noise at the point where 
it arises in each amplifier, and He and Nf the output 
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s(£*m 
Fig. 71. 

noise level without feed-back and with feed-back 
respectively. Then for the amplifier without feed-back. 

Nt ==««», 
and the signal/noise ratio is 

E. ^ 
Nt «a. 

For the amplifier with feed-back, 
Nf = nA, + m{At+A,) 

Ay [I - p (A, + A,)-]^nA^ 

j^f —_vAi_ 
^ 1 - ^{Ar + At) 

and the signal/noise ratio is 
E = g[i - pjAt + At)] 
A/ nA I 

The improvement in signal to noise ratio may be 
expressed by 

E.^ 
A/ • Ao ~ A, 

_ ^»[^ — P {A 1 4- 
nA t 

= (I - PA) 

where A = Ai + A, 
The effective gain of the amplifier with feed-back is 

equal to the gain (a = Oi + a,) of the amplifier without 
feed-back 

-enc. . = 

If the source of noise is at the input of the amplifier so 
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that is equal to a and A j is equal to A, the improve¬ 
ment in signal to noise ratio is given by the ratio 

1 == 

That is, no improvement is effected by negative feed¬ 
back. 

If the source of noise is at a late stage in the amplifier, 
the increase in actual gain to maintain the effective 
gain equal to a, when negative feed-back is applied, 
can be made before the source of noise, thus, if the gain 
^ 8 of the portion of the feed-back amplifier following 
the source of noise is the same as the gain of the 
corresponding portion of the amplifier without feed¬ 
back, the improvement in signal to noise ratio is 
(I - PA)- 

How will the post-war broadcast receiver com¬ 
pare with the present set? Mention any transmis¬ 
sion change which will affect the receiver of the 
future. 

The receiver of the future will most probably possess 
three groups of wavebands: 

(a) A frequency-modulated band providing superb 
quality from local stations. 

(b) The medium wavebands offering good per¬ 
formance over greater distances. 

(c) The high-frequency band giving world-wide 
reception at a relatively lower quality. 

In addition the receiver will most probably be made 
switchable to permit reception over the wire broadcast 
system if desired. 

This means a greater choice of stations for the 
listener, it would not be unreasonable to expect the 
choice of say 20 different home prograinmes, compared 
with two from the B.B.C. at present. 

Frequency modulation will play an important part 
in future wireless transmission. If it is assumed that 
a frequency band of 50 to 60 Mc/s is employed for 
frequency-modulated transmissions, then, with channel 
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separation of 250 Kc/s, forty channels could be 
obtained. 

With this separation perfect reception would be 
obtainable. 

What is the function of the Discriminator in a 
Frequency-modulated receiver? 

Describe the Phase Difference Discriminator, 
The discriminator or frcq^iency amplitude con¬ 

verter is the apparatus which translates the frequency 
changes of the received carrier into a current similar 
to the modulating audio-frequency wave. 

The phase difference discriminator consists essen¬ 
tially of a special I IF transformer with tuned primary 
and secondary windings and a double diode. The 
circuit arrangements are shown in Fig. 72. 

HT+ '■ 1 

Fig. 72. 

The voltage developed across the primary winding is^ 
applied to the mid-point of the secondary via con¬ 
denser Ci. At the transformer resonant frequency 
(i.e. the receiver IjF) the voltages applied to the diodes 
Z)i and D2 will be equal. The rectified output poten¬ 
tial appearing across J?i and J?2 will thus also be equal 
but opposite in polarity, the AjF output being zero. 
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If, however, the signal frequency applied to the 
transformer primary is altered, the voltage applied 
to one diode, say Di, is greater than that applied to 
Dz. A greater potential will thus be developed across 
i?i than Rz and the resultant potential across the 
output terminals will be positive. A variation of the 
signal frequency in the opposite direction results in Dz 
receiving the greater potential and the output being 
negative. 

The secret of the frequency amplitude converter is 
to be found in the double excitation of the transformer 
secondary, one source being via condenser Ci, the 
other the usual mutual inductive coupling with the 
primary. At resonance the primary voltage injected 
through Ci leads both the induced secondary voltage 
and current by 90°, but off resonance the phase rela¬ 
tionship of the induced secondary voltage and current 
changes, the primary voltage still leading the induced 
secondary current by 90°. The resulting potentials 
apphed to the diode will thus be different, the values 
changing with every frequency variation. 

If the JjF output of a F.M. receiver is passed via a 
limiter into a discriminator the output will be an audio¬ 
frequency current similar in wave-form to the trans¬ 
nutter-modulating cmrrent. 

Why is it necessary to include a Limiter Stage in 
Frequency-modulation receivers? 

Draw a simple circuit diagram of one form of 
limiter and describe its operation. 

The essence of the frequency-modulation (F.M.) 
system is that the carrier amplitude of the transmitted 
signal shall remain constant. It is thus necessary to 
ensure, at the receiver, that the signal supplied to the 
discriminator is free from all amplitude variations. 
The limiter is introduced between the final IjF 
ai^lifier and the discriminator to achieve this result. 

Fig. 73 shows one form of limiter, popular in the 
U.S.A. 



A.V.C. LINE- 
TO l/F STAGES 

Fig. 73. 

The I IF output is applied to the grid of the limiter 
valve via the small condenser Ci. The limiter valve is a 
normal R/F pentode operating with low anode and 
screen voltages. Under these conditions the working 
point is well down on the mutual characteristic, cut¬ 
off occurring with 2J to 3 volts negative on the grid. 
Resistance Ri is a high value grid leak. It will be 
seen that the grid circuit simulates a cumulative or 
leaky grid detector; thus, as there is no stand^ bias 
on the grid, rectification occius on the application of a 
signal. If the applied signal is sufficiently large to 
over-drive the valve, a condition will be reached under 
which anode crurent will flow only on the positive 
peaks. 

The mutual characteristic of the limiter and a dia- 
irammatic representation of a burst of amplitude 
interference, are sfimvn in Fig. 74. ^Tiatever the 
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ANODE CURRENT applied signal amplitude, 

I due to grid rectification, the 
>. upper carrier peaks are un- 

x. . able to exceed the cathode 
—2——- grid volts potential, thus any increase 

in the applied signal ampli¬ 
tude results in the mean 
grid voltage becoming more 
negative. 

To ensure satisfactory 
operation of the limiter, 
several precautions must 
be taken. The limiter stage 
must be supplied with a 
signal sufficiently large to 
enable the limiting effect to 
reduce its amplitude to a 

predetermined level. The time constant of Ci and Ri 
must be sufficiently small to prevent amplitude varia¬ 
tions in the limiter output due to slow recovery after 
grid rectification of a burst of interference, 2-5 micro¬ 
seconds is found to represent the upper limit. 

A.V.C. is usually provided on the I/F stages, the 
control voltage being tapped off Rx as shown. The 
amount of control afforded is reduced to a minimum so 
that the signal applied to the limiter will be as large as 
possible without overloading the preceding stages 
and also to obviate delays in limiter operation due to 
time constants of the A.V.C. circuits. 

Draw a block schematic diagram showing the 
various stages of a tuide^ hand frequency-modulated 
broadcast receiver. What is the usual range of 
intermediate frequencies used in this type of 
receiver? 

75 is a block schematic diagram showing the 
various stages of a F.M. receiver. 

The stages up to the limiter stage are similar to 
the amplitude-modulated superhet receiver. The 
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limiter, as its name suggests, limits the signal ampli¬ 
tude to a predetermined value so that amplitude 
variations are eliminated. The discriminator which is 
perhaps the most important stage in the receiver, 
translates changes in frequency of the received signal 
into a current which is a reproduction of the original 
modulating current. The majority of American F.M. 
receivers have an intermediate frequency range of 
4 to 5 Mc/s, many being standardised on a frequency 
of 4*3 Mc/s. 

DIPOLE AERIAL 

Fig. 75. 

What is Frequency Modulation and how does it 
differ from Amplitude Modulation? 

Why is Pre^ emphasis of the higher audio fre¬ 
quencies of a F.M. wave desirable? Give simple 
diagrams of pre-emphasis and de-emphasis filters. 

Frequency modulation is a method of impressing 
intelligence, usually in the form of an audio-frequency 
wave on a radio-frequency carrier. In an amplitude 
modulated carrier, the audio-frequency modulation is 
impressed on the R/F wave so that the amplitude 
varies at the audio frequency. See Fig. 76 (B), The 
amplitude of a F.M. carrier remains constant, but on 
the commencement of modulation the frequency swings 
above and below its mean value, the number of 

swings" depending on the frequency of the modulat¬ 
ing signal. The extent of the swing, commonly called 
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CA> FRBCXCNCY MOOUUTEO CARRCR. 

Fig. 76. 

the deviation amplitude, is governed by the amplitude 
of the modulating wave. See Fig. 76 {A). 

It has been found that the distribution of interference 
over the audio-band width of a F.M. system is tri¬ 
angular which results in a steady progressive increase 
in the level at which noise is reproduced by the receiver, 
from the lower to the higher audio frequencies. The 
upper audio frequencies are therefore masked by the 
interference, the lower still possessing a reasonable 
signal/noise ratio. This state of affairs is worsened 
by the fact that with most modulating waves, the 
depth of modulation decreases as the freque'ncy rises, 
but to achieve high fidelity reproduction retention of 
the upper audio frequencies is essential. It is clear 
that to prevent this masking of the higher audio 
frequencies, some means of producing a reasonably 
even distribution of noise over the whole of the audio 
band, must be fotuid. This is achieved by accentuating 
or emphasising the upper audio frequencies before 
transmission and de-emphasising or restoring to nOTmal 
at the receiver. The accentuation and attenuation 
at the transmitter and receiver respectively is accoro- 
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rat-.EMPHASIS FILTER 

(a) (6) 
Fig. 77 

plished by pre-emphasis and de-emphasis filters. See 
Figs. 77 (a) and (b). 

The de-emphasis filter attenuates the interference in 
addition to the upper'audio frequencies, so that while 
the intelligence is restored to its ori^al form, the 
reproduction level of the interference is considerably 
reduced. 

The Anierican standard of pre-emphasis has been 
fixed usin| a series inductance resistance network 
having a time constant of loo m.s. With this filter, 
the amplitude of the highest audio frequency (usually 
15 Kc/s) is increased 10 times and interference above 
5 Kc/s reproduced at an almost constant level. An 
improvement in the receiver response will thus result 
in a proportionate increase in noise and not, as without 
pre-emphasis, an increase equal to the square of the 
improvement. 

Describe a good type of moving-coil londspetdter, 
illustrating your answer with a simple diagram. 

What will be the force on the moving coil at any 
instant? 

Fig. 78 shows the essential components of a good tjqie 
of moving-coil loudspeaker. 

The moving part of the instrument consists of a stiff 
p^per cylinder canying the moving cod, ri^dly attached 
by a paper flange to the cone of specially-prepared 
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paper or stiff linen. The outer rim of the cone is 
secured to the main metal framework of the loud¬ 
speaker by a flexible suspension ring. The permanent 
magnet or the core of the electromagnet (if of the 
energised type), is shaped as shown to enable the 
cylinder cairying the moving coil to move in the 
narrow annular air gap. 

The moving coil may consist of a few turns of fairly 
stout wire, or alternatively a large number of turns 
of fine wire, the former being the most usual. In the 
former case, optimiun matching between the low 
impedance moving coil and the output stage feeding 
the instrument is obtained by means of a step-down 
transformer. 

By means of a special flexible centring spider, or a 
light flexible corrugated disc cemented to both coil- 
canying cylinder and main framework, the cylinder 
and coil are prevented from all movement except 
axially as indicated by the arrows and retained in 
their correct position in the air gap. 

The permament magnet or core of the electro- 
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magnet core is rigidly fastened to the main loudspeaker 
framework. 

The magnetic circuit consists of a central cylindrical 
po’e surrounded by an outer pole, the resulting mag¬ 
netic field being radial across the narrow air gap. 

To prevent low-frequency vibrations from merely 
displacing air from front to back of the cone, a baffle 
is fitted as shown, ensuring that the cone vibrations 
set up corresponding sound waves. 

Suppose the strength of the magnetic field in the air 
gap, due to the permanent or electromagnet, is J5, 
the length of wire on the moving coil is L and the cur¬ 
rent flowing through the coil at the instant under 
consideration is i. The force on the coil at that 
instant will be proportional to BLi. 
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CHAPTER V 

TRANSMITTERS 

Discuss the construction of transmitting valves 
having anode ratings up to SOO K.W. 

The method of construction chosen for any par¬ 
ticular valve depends on the anode rating required. 
Similar construction to that employed for receiving 
valves, although of course on a somewhat larger scale, 
may be used for valves dissipating up to 1-5 K.W. 
The envelope is of special heat-resisting glass and a 
molybdenum anode is used. External connection 
with the electrodes is effected via platinum substitute 
wires passing through seals in the envelope. Platimun 
substitute is a nickel-iron alloy thinly coated with 
copper, the copper being necessary as glass will not 
adhere directly to the alloy. 

Transmitting valves dissipating between 1-5 and 
20 K.W. may be enclosed in envelopes of silica or fused 
quartz, the latter having been almost entirely displaced 
by the former. The electrodes are similar in con¬ 
struction to those of the glass valve but a difficulty 
arises in the sealing of the connections into the silica 
envelope. Silica has an extremely small coefficient 
of expansion and in addition its softening temperature 
is very high (1500 C.). The only metal which has 
been found to adhere satisfactorily to silica is lead, 
and then only in the form of a plug melted into a thick- 
walled cylinder of silica. In practice molten lead is 
poured into tubes protrudii^ from the envelope, 
internal and external connections being embedded in 
opposite ends of the plug. As the melting tem^rature 
of lead is low, it may be necessary to provide air- 
cooling for the seals. 

The prime advantage of silica valves is that they 
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may be opened by means of- a carborundum wheel to 
effect repairs to the • electrode - assembly, and then 
re-sealed with an oxy-hydrogen blow lamp. A 
damaged silica valve is thus almost as valuable as a 
Ixew one, and should thus be treated with care. 

To dissipate above 20 K.W. some form of anode 
cooling is essential to conduct away the heat generated 
during operation. In one of the common cooling 
systems, the anode is a copper cylinder smrrounded 
by a brass water-jacket thro'ugh which a continuous 
flow of water is maintained. The water-jacket is 
often electrically connected to the anode and its lugs 
form the external anode connection, in addition to 
providing a means of mounting the valve in the trans¬ 
mitter. Some types employ cylindrical anodes with 
one open end and others with both ends open. In the 
former type, the whole electrode assembly is sus¬ 
pended inside the anode from a glass cylinder sealed 
to the open end of the anode. When double-ended 
anodes are used, a glass cylinder is sealed to each end, 
part of the electrode assembly being mounted in each. 

Valves of the above type may be constructed with 
anode ratings of up to 500 K.W. 

Another high-power valve is the demountable type 
which is capable of being opened and repaired in situ, 
to this end the internal vacuum is maintaiaed by 
continuously operating pumps. Demountable valves 
are manufactured with anode ratings of up to 500 K.W. 

Describe one type of water-cooled high-power 
transmitting valve, illustrating your answer with 
a simple diagram. 

Fig. 79 shows one type of water-cooled transmitting 
valve. 

The anode of the valve forms an integral part of the 
envelope which is completed by glass end pieces 
supporting the remaining electrodes and their external 
connections. ■ 

The anode consists of a copper tube (for a 15 K.W. 
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valve this will be approximately 2 inches in diameter) 
surrounded by a brass water-jacket, the spaces 
between the ends of the jacket and the anode being 
filled by copper rings sweated to both. Provision of 
inlet and outlet nipples on the water-jacket permits 
the maintenance of a continuous flow of water around 
the anode, the water conducting away the heat gener¬ 
ated during operation of the valve. As the water- 
jacket is electrically connected to the anode (the 
jacket-fixing lugs form the external anode connection), 
care must be taken to use insulating pipes for con¬ 
nection of the water supply or to insulate the entire 
supply system. 

Each end of the anode projecting beyond the water- 
jacket is flared and reduced to a razor-edge, a glass 
end-piece is inserted into the flare and the joint heated 
during application of pressure to form an air-tight seal. 
The filament and grid seals are made in exactly the 
same manner. 

The filament assembly is supported by a molybdenum 
rod secured to an insulator in the lower glass end-piece. 
The molybdenum rod carries two filament hooks at its 
upper extremity on a small insulator and a single hook 
bound to its lower end. The ‘'W'" shaped tungsten 
filament is welded at its ends to copper filament leads 
and held under slight tension at the three apexes by 
the hooks. The filament leads pass through insulating 
bushes bound to the molybdenum rod below which they 
connect with four braided copper conductors, each of 
which passes through a separate seal in the envelope. 
The leads each terminate on an insulated metal stud 
mounted on the metal end-cap. 

The grid assembly is supported by the upper glass 
end-piece. A copper rod carries a light molybdenum 
frame upon which is wound the grid, a helix of tungsten 
wire. The copper rod passes through a copper cap 
and supports the grid around the filament inside the 
anode, the copper cap being sealed.to the glass end- 
piece. The copper rod is connected to a flexible 
metallic strip in the metal end-cap which is in turn 
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connected to duplicate insulated studs which afford the 
external grid connection. 

The insulating material used in the construction of 
high-power transmitting valves is generally steatite 
or one of its allied substances. 

DescHhe without diagrams one method of cooling 
a high-’power transmitting valve. Mention any 
precautions necessary. 

One method of cooling a high-power transmitting 
valve is by forced water circulation. 

In a valve designed for this type of cooling the anode 
forms part of the valve envelope and is in direct con¬ 
tact with the water circulating in the valve jacket. 
The valve is held in position in the jacket by means of 
a screw which engages in the anode end and tightens 
down the valve against the rubber sealing washer fitted 
between the anode and the top of the anode jacket. 
The water flow is governed by the rated anode dissipa¬ 
tion and is determined by the makers. 

The water is drawn from the storage tank by a centri¬ 
fugal pump and passed through an artificial cooler. 
It then passes through a ‘'water column'' (the purpose 
of which will be discussed later) circulates round the 
anode and returns to the tank. 

In some designs, the water also circulates through 
the hollow turns of the anode coil for* additional 
cooling. 

The artificial or air blast cooler consists of a large 
radiator and fan and serves to maintain the water at a 
satisfactory temperature, as for economy reasons it is 
desirable to use the same water indefinitely, allowing 
for normal evaporation. 

Circuits are arranged which automatically switch off 
the power if the water supply fails or if the water 
temperature rises above the safe value. An alarm 
system is put into operation at the same time. 

The purpose of the water column is to restrict 
current leakage from the anode to the earthed pipes 
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of the water system. The column usually takes the 
form of hose or porcelain tubing. This interposes 
between the anode and earth a column of water long 
enough to make its electrical resistance of the order of 
a few meg-ohms which, as previously stated, effectively 
prevents any leakage. 

Distilled water is normally used both as an addi¬ 
tional precaution and to prevent the silting up of the 
water system. 

Anode deposits on this tj^e of valve can be removed 
by placing the anode in a bath of dilute hydrochloric 
acid until chemical action between the anode and the 
solution ceases. The anode is then immersed in a 
second bath of dilute ammonia to neutralise the sur¬ 
plus acid. A final washing in clean water completes 
the process. 

What do you understand by the drive ** circuit 
of a radio transmitter? 

State three methods of transmitter frequency 
control. 

Describe one of these methods. 

The circuit in a wireless transmitter which supplies 
the constant frequency R/F oscillations is termed the 

drive” circuit. 
Three methods of transmitter frequency control are 

by means of : 
(1) The Master Oscillator. 
(2) The Tuning Fork Controlled Oscillator. 
(3) The Piezo-electric Crystal Controlled Oscillator, 



The elements of a simple Crystal Controlled Oscillator 
circuit are shown in Fig. 8o. 

Application of the power supplies causes anode 
current to flow producing a r.D. across the Quartz 
Crystal which commences to vibrate at its natural 
frequency. These vibrations are produced in the anode 
circuit by the anode current controlling effect of the 
grid, and if the anode circuit be tuned to approxi¬ 
mately the natural frequency of the crystal, the ampli¬ 
tude of the oscillations will be greatly increased. A 
small portion of the anode circuit oscillation is fed back 
to the grid circuit via the anode/grid capacity of the 
valve and as this offsets crystal losses, continuous 
oscillation results. 

The grid leak connected across the crystal between 
grid and filament (or cathode) maintains the grid bias 
at the correct operating value. 

Theoretically maximum output will be obtained 
with the anode circuit tuned to a frequency slightly 
above that of the crystal, since under these con¬ 
ditions the input resistance of the valve will be negative 
due to Miller effect. However, in practice it is usual 
to adjust the anode circuit to give the best results, 
since variations of the anode tune alters the wave-form 
and amplitude of the R/F output. 

Why is it necessary to neutralise triode amplifier 
stages in radio transmitters? 

How would the final triode push-pull stage of a 
medium-power short-wave transmitter he neu¬ 
tralised ? Illustrate your answer with a diagram. 

When a triode is utilised as an amplifier, the voltage 
developed in the anode circuit causes current to flow 
in that circuit but in addition current flows through 
the anode/grid capacitance of the valve, via the external 
grid circuit to the cathode. The grid current thus 
consists of both the normal current due to the inherent 
impedance of the grid circuit (usually negligible) and, 
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in addition, the feed-back current, frequently of a 
considerable magnitude. 

It may be considered that an additional impedance 
has been connected across the grid cathode circuit, 
the type of impedance depending on the phase of the 
feed-back current, which is itself determined by the 
anode circuit load. 

The reflected grid impedance produced by various 
anode loads will conform to the following table: 

(a) Anode load preponderantly Resistive—Re¬ 
flected grid impedance Capacitative. 

(b) Anode load preponderantly Capacitative— 
Reflected grid impedance Resistive. 

(c) Anode load preponderantly Inductive—Re¬ 
flected grid impedance a Negative Resist¬ 
ance. 

In the third case the feed-back current will be in 
such a direction as to augment the initial grid voltage, 
in some cases throwing the valve into a state of self¬ 
oscillation. 

The method of overcoming this problem of instability 
caused by anode/grid feed-back, is by the use of 
neutralising condensers. 

The neutralising condenser (variable) is connected 
between the anode and a point in the grid circuit 
opposite in phase to the grid itself. The feed-back 
potential between grid and cathode set up by this 
artificial feed-back current will thus be opposite in 
phase to that produced by the inter-electrode feed-back. 
Adjustment of the artificial feed-back so that it is the 
same value as (but opposite in phase to) the natural 
feed-back, by means of the neutralising condenser, will 
result in the stabilisation of the circuit. 

Fig. 8i shows the push-pull stage of a medium power 
short-wave transmitter. Neutralising is effected by 
means of the two variable neutralising condensers NC\ 
It will be seen that the anode of each valve is con¬ 
nected via its relative neutrahsing condenser to a point 
opposite in phase to the potential of its own grid, i.e. 
the grid of the other triode. 
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Fig. 8i. 

As the whole circuit is perfectly symmetrical, with 
respect to earth, perfect neutralising can be achieved, 
even at operating frequencies of 14 Mc/s. 

What is the function of a microphone in Radio 
Telephony? 

Enumerate three types of microphone involving 
widely different principles. State briefly what 
these principles are. 

The microphone is the instrument necessary for the 
conversion of sound waves into complex, variable 
electric currents suitable for the modialation of a carrier 
wave. 

Three different types of microphone are: 
{a) Carbon microphone. 
{b) Moving coil microphone. 
(c) Crystad or Piezo-electric microphone. 

(a) The carbon microphone depends for its opera¬ 
tion on the property possessed by carbon granules 
whereby the electrical resistance of a mass of granules 
situated between two electrodes, varies with the 
mechanical pressure exerted on them. 

One common form of carbon microphone consists 
of a light conical metal diaphragm fastened at its apex 
to a circular carbon electrode. The gap between this 
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moving electrode and a fixed carbon electrode is almost 
filled with fine carbon granules, retained in place by 
an insulating cylinder, the whole being assembled in 
a light metal container. 

Sound waves striking the conical diaphragm set it 
in vibration in accordance with their frequency and 
amplitude, resulting in a corresponding variation in 
electrical resistance which may be used to control a 
small DX. current passed through the instrument. 

(b) The moving coil microphone operates on exactly 
the same principle as the moving coil loudspeaker 
except that the process is reversed. A small coil of 
wire wound on an extension of a light conical dia¬ 
phragm is placed in the radial field of a permanent 
magnet. Movements of the coil resulting from sound 
waves striking the diaphragm produce corresponding 
currents in the coil, which may be amplified as req- 
quired. The whole instrument is very much smaller 
than an average moving coil loudspeaker. 

(c) The crystal microphone utilises the piezo¬ 
electric properties of certain crystals, the crystal most 
frequently used for this purpose being Rochelle Salt, 
chosen by reason of its extreme sensitivity. 

The most common form of crystal microphone con¬ 
sists of two crystal slices usually of square section, 
cemented back to back and supported at their ends 
so that they may be bent up and down like a beam 
similarly supported. A light diaphragm conveys 
vibrations set up by sound waves to the centre of the 
crystal slice by means of a spindle. As the crystal is 
moved up and down by the diaphragm vibrations, a 
varying piezo-electric potential is produced across the 
crystal faces. This potential will cause correspondi^ 
piezo-electric currents to flow in an external circuit, 
the currents may be amplified in the normal way. 

Enumerate in table form the relative advantages 
and disadvantages of the following types of micro-- 
phone: 

(a) Carbon; 
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(6) Moving Coil; 
(c) CrystaL 

What type of microphone would you choose for 
each of the following purposes ? Give brief reasons 
for your choice: 

{!) An outside broadcast from a noisy 
situation; ' 

(2) The studio broadcast of a talk; 

(3) For use with an announcement system rc- 
quiring only commercial quality speech. 

Disadvantages. 

Polarising potential of 
from 4~io volts required. 
Continuous background 
hiss. 

Possesses optimum work¬ 
ing position (almost ver¬ 
tical). 

Extremely sensitive to ex¬ 
traneous noises. 

Carbon granules '*pack/' 
resulting in variable 
performance. 

Very ‘"peaky” frequency 
response. 

Easily overloaded by loud 
noises. 

Moving No polarising po- Relatively insensitive. 
Coil, tential re- Fairly small output, 

quired. Very expensive. 
Very robust. 
Constant per for- 

mance. 
Free from over¬ 

loading. 

Type. Advantages. 

Carbon Large output. 
Relatively inex¬ 

pensive. 
Reasonably ro¬ 

bust. 
Very sensitive. 
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Type, Advantages, Disadvantages, 

Moving Free from pack- 
Coil, ing. 

Insensitive to ex¬ 
ternal vibra¬ 
tions. 

Good frequency 
response. 

May be used in 
any position. 

Crystal. Large output. Must be carefully handled 
No polarising po- to prevent damage to 

tential neccs- crystals, 
sary. 

Good frequency 
response, es¬ 
pecially to 
speech. 

Free from pack¬ 
ing. 

Can be used in 
any position. 

May be directly 
connected to 
the grid qf an 
amplifier. 

Medium price. 

(1) A moving coil microphone would be very suitable 
for this purpose since it is relatively insensitive, may 
be used in any position, and is free from overloading. 

(2) Since the microphone is stationary and good 
response to speech is desired, a crystal instrume;nt 
would meet the case. 

(3) As only medium quality speech is required, a 
carbon microphone could be conveniently utilised, pre¬ 
cautions to prevent overloading would be necessary. 

129 



Statm the eaaentiah of one method whereby a 
radio transmitter can be modulated and carefully 
explain its working. 

The system in most general use involves the modula¬ 
tion of the aerial current in accordance with the current 
variations produced by speech in the microphone 
circuit. The aerial current is proportional to the high 
frequency component of the anode current of the final 
radio-frequency amplifier and this in its turn can be 
made very nearly proportional to the voltage applied 
to the anode circuit of the radio-frequency stage. 

The outlines of a circuit for accomplishing this are 
shown in the Fig. 82. 

Fi is a high-frequency amplifier coupled to its tuned 
circuit and the aerial system. A single valve is shown 
but if necessary a balanced push-pull arrangement may 
be used. V2 is the modulating valve. Z.i is a radio¬ 
frequency choke which confines the high-frequency 
currents to the radio-frequency amplifier and its output 
circuit; its impedance to .audio frequencies is negligible 
The reactance of the condenser C is large at audio 
frequencies but small at the radio frequencies. L2 is 
an iron-cored choke and its reactance is high over the 
whole audio-frequency range. 

A constant radio-frequency drive is applied to the 
grid of Fi which is operated in the class C condition. 
Audio-frequency drive corresponding to the current 
in the microphone circuit (not shown) is applied to 
the modulating valve Fa. F2 is essentially an audio¬ 
frequency amplifier and its load impedance is that 
provided by the valve Fi, since the reactance of £2 
and C are high. The audio-frequency voltages applied 
to the grid of F2 therefore produce audio-frequency 
voltages on its anode and across its load impedance. 
Fi thus operates as an amplifier in which the.anode 
supply voltage is made to vary about a mean value 
in accordance with the signals from the mictOjihone 
circuit. If sufficient drive is applied to the grid of Fl 
and the radio-frequency output circuit adjusted to 
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give the correct load impedance, the output from Vi 
will be very nearly proportional to the anode voltage. 

Since the valves Vi and V2 must have the same 
mean anode potential it follows that the percentage 
modulation will be determined by the ratio of the peak 
audio-frequency potential to the mean D.C. potential 
on the anode of F2. If the distortion in the output 
circuit is not to be excessive then this ratio must not 
approach too closely to unity and thus the maximum 
percentage modulation is limited. 

A radio telephone transmitter in the anmocfu- 
lated state htis a carrier output of 12 Kilowatts 
and can be modulated to a maximum of 80% by 
single frequency tone before overloading. If a 
limit of S0% is imposed, to what value can the 
carrier power be increased? 

It is assumed that overloading occurs when the 
maximum value of oscillatory voltage exceeds the 
steady anode potential upon which it is superimposed 
in the final stage of the transmitter. Let the steady 
voltage be V and the original unmodulated carrier 
maximum voltage be 

Then i-8 *= F 
Furthermore, if Fi is the maximum value of the un¬ 
modulated carrier voltage when a limit of 50 per cent 
modulation is imposed, then 
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1-5 Vi = V 

Thus V, = == 1-2 F„ 

Furthermore, the carrier powers vary as the squares of 
the carrier voltages. 

Thus the carrier power can be increased to 
12 X i‘2^ — 17-28 Kilowatts. 

What maintenance duties should be carried 
out to ensure the efficient running of a transmitting 
station? 

In order to obtain the highest operational efficiency 
the station engineer should study the staff at his dis¬ 
posal, the apparatus to be serviced and type of building. 

One of the first considerations in effective main¬ 
tenance is a dust-free transmitting hall. Wherever 
possible the floors should be covered with linoleum 
which should be kept polished. All exposed concrete 
floor or plinths should be treated with a dust-resisting 
preparation. Where a fair amount of heat is dissipated 
in a hall it is desirable to fit a number of exhaust fans 
in the roof. 

The technical staff should be allocated to watches 
in- such a manner that a small number are available 
for day duties as ‘'station mechanics'' to carry out the 
routine maintenance of transmitters. 

By ensuring that an experienced member of the staff 
is always in charge of the maintenance team, and 
changing its members on a roster system, all technical 
personnel can be brought up to a high standard of 

^ efficiency. 
Where the transnaitters are in service on a twenty- 

four-hour basis arrangements should be made to free 
each transmitter once per month for a period of four 
to eight hours dependant on its size and the number of 
units involved. Where possible, the transmitter under¬ 
going maintenance should be replaced by the station 
reserve. 

A study should be made of each type of transmitter 
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and a maintenance schedule drawn up indicating the 
main points for attention. It is desirable to remove 
aU side panels and thoroughly clean all parts of the 
transmitter, using a vacuum cleaner where possible. 
All bearings, universal joints, mechanical parts, etc., 
should be cleaned and lubricated. 

Gate switches and safety devices should be inspected, 
all relays checked and contacts cleaned. The station 
workshop should be equipped with a linen buffing 
wheel and Tripoli preparation for contact burnishing. 
The bearings of all electric motors and pump machinery 
should be inspected and lubricated according to the 
makers' instructions. It is important to note that 
over-greasing can be as harmful as lack of grease. Oil 
transformers should be inspected and topped up where 
necessary. 

If the maintenance party are trained as a team all 
the salient points can be covered in a reasonable time. 
The latter end of the period should be reserved for test 
purposes. The transmitter should be set up on one 
of the standard test frequencies (using an artificial 
load if possible) and all meter readings compared with 
the original test figures obtained by the manufacturers, 
or on installation. Reference should be made to the 
valve logs recording valve life and adjustments made 
where necessary to the filaments and power supplies 
After the transmitter has gone back into service the 
Routine Maintenance Chart should be signed up by 
the engineer carrying out the work. 

Why 18 monitoring equipment necessary at a 
transmitting station? Mention one form of moni¬ 
toring equipment and describe how it works. 

The monitoring or Signal Checking Equipment at a 
transmitting station enables quick investigation of 
transmission complaints and provides a means for 
periodical checks to be made on the transmitters in 
service. 

One effective method when double current ke5dng 
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is used is by arranging to record on a tape both the 
input and output signals by means of a double undulator. 

Using a jacking system a relay is plugged in parallel 
with the keying relay of the transmitter under examina¬ 
tion, without interference with the transmission. The 
additional relay controls an undulator which records 
the incoming signal on one half of the tape. 

A small amplifier is coupled to the output circuit of 
the transmitter and picks up the transmitted signal. 
The resultant R/F is fed back to the checking equip¬ 
ment and passed to a bridge amplifier which converts 
it back to the conventional double current signal and 
amplifies it to a level sufficient to work the second 
imdulator which records the transmitted signal on the 
other half of the tape. 

Thus a direct comparison of input and output 
signals can be made and any faults localised to either 
the incoming D.C. signal or the transmitter. 

What is Piezo-Electric effect? 
Write a short essay on Piezo-Electric crystals. 

Piezo-Electric effect is the term applied to the 
peculiar property possessed by slices of certain crystals 
(i.e. Rochelle Sait, Tourmaline and Quartz). This 
property is that if subjected to mechanical pressure, a 
P.D. is developed across the crystal, application of 
tension producing a P.D. in the opposite direction. 
Similarly, application of a P.D. across the crystal in 
one direction causes mechanical expansion, in the 
other, mechanical contraction. The direction of these 
mechanical variations being at right angles to the 
electric field. 

Piezo-electric crystals in common use are normally 
cut from quartz, the '‘mother quartz" occurring 
naturally in Brazil and Madagascar. Qtiartz is the 
most common material employed as its mechanical 
strength, durability and cost compare very favourably 
with other piezo-electric substances. 

A naturfiu crystal of quartz is roughly hexagonal- 

*34 



sided with irregular ends. It possesses three sets of 
axes; the optical, vertical or Z axis nmning parallel 
with the sides, three electrical or X axes across the 
corners of the hexagon and three Y axes at right angles 
to both the sides of the hexagon and the X axes. 

The operating or natxural frequency of a piezo¬ 
electric crystal depends upon the manner in which the 
slice is cut from the whole crystal and upon its thickness. 

There are two very common “cuts,” namely the 
X and Y cuts. 

X cut crystals are cut parallel to the Z axis with the 
thickness parallel to the X axis and the width parallel 
to the Y axis. 

Y cut crystals are cut at an angle of 30® from the Z 
axis, the thickness and width being parallel to the Y 
and X axesirespectively. 

The natural frequency of an X cut quartz crystal 
may be determined by the following formula: 

/ = —7— Kc/s. 

Where t is the thickness of the plate in nun. 
The natmal frequency of a crystal varies with tem¬ 

perature, an X cut crystal having a negative tempera¬ 
ture coefficient in the order of 20 parts in 1,000,000 per 
degree Centigrade and a Y cut crystal a positive co¬ 
efficient of the same order. 

The above suggests that by careful cutting, crystals 
with zero temperature coefficients might be obtained. 
This has been achieved, the crystals being known as 
constant temperatmre or A.T. cut. 

How are Quartz Crystals mounted for use in 
wireless transmitters? 

Enumerate the precautions necessary to ensure 
that the output of a crystal controlled oscillator will 
be of a high standard of accuracy. 

The frequency of oscillation of a quartz crystal varies 
with temperature, thus one of the essential projjerties 
of a good crystal holder should be its capabiuty to 
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maintain the crystal at the same temperature during 
operation. 

There are several types of crystal holder. 
(1) The open type. 
(2) The enclosed type. 
(3) The enclosed, temperature-controlled type. 

In each case the crystal is placed between two accu¬ 
rately plane metal surfaces, usually of brass. 

The open type is often used in amateur transmitters, 
but is seldom found in professional equipment. The 
crystal lies on one metal surface, the other ground on 
a “floating'' electrode, is placed on the crystal. No 
gap adjustment is afforded and connection with the 
upper plate is made by means of a flexible pigtail. 

The second, enclosed type, consists ai two large 
masses of metal separated by an insulating ring. In 
this case the two surfaces are accurately parallel as 
well as plane, the air gap between the plates being 
adjustable by means of a micrometer screw associated 
with the upper plate. The large mass of metal wiU, 
to a great extent, prevent crystal temperature changes, 
the metal acting as a heat reservoir. 

The most effective crystal holder is the temperature- 
controlled type, in which the crystal and plates are 
enclosed in a chamber, the temperature of which is 
either thermostatically controlled or maintained at a 
value higher than the highest ambient temperature 
which might be encouQtered. 

The following precautions are necessary if the output 
of a crystal oscillator is to be maintained at a high 
standard: 

(1) The crystal should have a natural frequency of 
from 3 to 5 Mc/s and be cut to give a minimum tem¬ 
perature coefficient and be free from multiple fre¬ 
quencies of vibration. 

(2) The crystal, and, if necessary, the entire oscilla¬ 
tor circuit, should be enclosed in a temperature- 
controlled chamber. 

(3) The crystal itself should never be handled as the 
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presence of wax, grease or scratches on the crystal result 
in erratic operation. 

(4) The oscillations should be constant and inde¬ 
pendent of the transmitter output. 

(5) The oscillator power supphes must be constant. 

For what frequencies are Quartz Crystals most 
suitable? 

How may crystal-controlled oscillations of much 
higher frequency be obtained? 

The natural frequency of a crystal varies inversely 
with its physical thickness, it therefore follows that 
the higher the frequency required, the thinner must 
the crystal plate be ground. 

It is possible to obtain quartz crystals having natural 
frequencies of from 25 Kc/s to 4 Mc/s by comparatively 
simple means. 

Quartz crystals having natural frequencies between 
25 Ke/s and 4 Mc/s may be cut with relatively little 
difficulty. By means of the most modem crystal 
cutting and grinding machines natural frequencies as 
high as 20 Mc/s have been obtained, although it will 
be appreciated that these crystals must of necessity 
be extremely fragile. 

In practice it is more usual, when frequencies above 
6 or 7 Mc/s are required, to utilise a crystal cut with a 
natural frequency of between 3 and 5 Mc/s in con¬ 
junction with a frequency multipher. 

The oscillator valve controlled by the crystal is 
caused to work at a non-linear point on its character¬ 
istic curve, a long range of harmonics or more correctly 
overtones being introduced into the output. The 
required harpionic may be selected by suitable tuned 
circuits and amplified as required by succeeding stages 
of power amplification. 

Frequency doubling is a particular case of the general 
process of frequency multiplication, one of the most 
common frequency doubling circuits consists of a 
push-pull arrangement in which both valves are biased 

K .137 



to cut-off. The input circuit is tuned to the natural 
frequency of the crystal, the output circuit to twice 
this frequency. 

Write a short account of three applications of the 
quartz crystal. 

Three quartz crystal applications are : 
(i) As a frequency control for wireless trans¬ 

mitters. 
{2) As a resonator element in electric wave filters. 
(3) As a fixed frequency oscillator. 

(1) The great increase in the number of radio trans¬ 
mitters which must be accommodated in the spectrum 
has necessitated some form of transmitting frequency 
control. The quartz crystal is widely used for this 
purpose for transmitters operating on frequencies 
above 50 Kc/s., the very high carrier frequencies being 
obtained by frequency multiplication. 

(2) Another use for the quartz crystal is as a resonator 
element—in the electric wave filter, and in general a 
Q value of 10,000, which is normally sufficient for the 
purpose, can be obtained in a very simple type of 
holder. 

Filters employing crystal-resonator elements have 
been designed which approach very near to the ideal, 
and the design of a number of the multi-channel tele¬ 
phone systems now in commercial use is based on the 
quartz crystal filter. 

(3) The bridge-stabilised oscillator, comprising a 
Wheatstone Bridge and an amplifier, is likely to find 
application where the highest order of frequency 
stability is required. The crystal must be free from 
double-frequency^ effects over its temperature range. 
Because of the limited power which the crystal oscil¬ 
lator can handle safely, and owing to the extreme 
fragility of the higher-frequency plates, it is usual to 
employ a plate frequency below 10,000 Kc/s. in a low- 
power drive, and to achieve the reqmred carrier power 
and frequency with frequcncy-dpublmg amplifiers. 
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The quartz crystal can also be used to advantage in 
receivers where high stability oh a particular fixed 
frequency is desired. 

Give two methods of carrying out frequency 
modulation^ What are the advantages claimed by 
frequency rnodulation over amplitude modulation? 

The two methods of carrying out frequency modula¬ 
tion are: 

(1) To vary the carrier wave by a given percentage 
at a rate depending upon the modulation 
frequency required. 

(2) By varying the carrier frequency an amount 
equal to the modulation frequency desired. 

The advantages of frequency modulation are: 
(1) An increased number of channels can be ob¬ 

tained from a given waveband. A channel 
width of 250 Kc/s. for normal broadcast 
services has been suggested, this would give 
40 channels if a 10 Mc/s. band-width were 
allocated to modulated frequency trans¬ 
missions. 

(2) A marked improvement could be expected in 
the signal-to-noise ratio on local trans¬ 
missions. 

(3) Reduction in transmitting power for distances 
up to 100 miles compared with amplitude- 
modulated transmissions. 

(4) Frequency modulation is less affected by poor 
atmospheric conditions than amplitude 
modulation. 

(a) Name two types of Frequency Modulator 
circuitsf and explain with the tid of a diagram the 
operation of one. 

(b) State briefly what you consider to be one of 
the most important considerations in the design of 
a frequency^modulated transmitter. 

fi) The Annstroi^ Modulator Circuit. 
(2) The Variable Reactance Valve Modulatcw: Circuit, 
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The Variable Reactance Valve Modulator Circuit. 
Fig. 83 shows the basic circuit of the reactance 

valve modulator. 
The tuned Master Oscillator circuit has a resistance 

R and a condenser C connected in parallel with it as 
shown. The value of the resistance R is designed to be 
very high in comparison with the impedance of the 
condenser C with the result that the voltage across 
this condenser lags 90® behind that across the tuned 
circuit. It will be seen from Fig. 83 that this lagging 
voltage is applied to the control grid of the reactance 
valve with the result that the current through the valve 
will lag 90° behind that in the tuned circuit. As the 
valve fulfils all the necessary conditions, it can be 
regarded as an inductance shunted across the tuned 
oscillatory circuit. Furthermore its “inductance” 
value can be varied by altering the value of the anode 
current flowing. An audio signal applied to the grid 
of the valve will therefore vary the anode current 
flowing and hence vary the inductance across the tuned 
oscillator circuit. It follows, therefore, that the master 
oscillator is frequency modulated as a result of the 
signals applied to the ^d of the reactance valve. 

(6) One of the most important considerations in the 
desi^ of a frejjuency-modulated transmitter is the 
frequency stability of the carrier wave. In America 
the Federal Communications Commission consider 
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this to be so important that they have laid down that 
the carrier must remain on its allotted frequency to 
within ± 2 Kc/s. 

How is “frequency drift’* corrected in a Fre¬ 
quency-modulation Transmitter using variable 
reactance modulation? 

Frequency drift correction is achieved by means of 
a frequency control circuit associated with the 
modulator as shown in Fig. 84. 

RfC. 

Stabilisation is produced by supplying part of the 
master oscillator’s output to amplifier valve Vi. The 
output from the audio-frequency discriminator in 
the anode circuit of this vjdve is Jirranged so that 
the variable reactance valve bias is increased when the 
valve presents too low an inductive shunt across the 
oscillator circuit. 

An increase in the bias supplied results in the react¬ 
ance valve applying a smaller effective shunt inductance 
and so allowing the master oscillator frequency to fall. 
Should the oscillator frequency be low the discriminator 
wiU supply the reactance valve witib. less bias, so 
causing the oscillator frequency to increase. 
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Explmn with the aid of a simple block schematic 
diagram the action of the various stages of an 
Armstrong type F.M. transmitter. Mention the 
merits and demerits of this type of transmitter. 

CAIWIER 
SUPPRESSED 

Fig. 85. 

A simplified block schematic dia^am of Armstrong’s 
frequency modulation transmitter is shown in Fig. 85. 

The output from a crystal-controlled oscillator is 
fed to two circuits; the carrier side-band mixer valve 
circuit and the balanced amplitude modulator circuit. 
The audio signal is passed through the pre-distortion 
filter which has a rising attenuation characteristic. 
The carrier is cancelled out across the output trans¬ 
former on the anode circuit of these two .valves, so 
leaving the amplitude modulation sidebands only. By 
feeding these sidebands through a small condenser 
they are given a 90° phase shift. The output from 
the master oscillator is combined with these phase- 
shifted sidebands on the anode of a mixer v^ve. 

The effect of combining a carrier with amplitude 
modulation sidebands which halve been shifted in 
phase by 90°, is shown in Fig. 86. These Vectm: 
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diagrams show that the result is phase modulation of 
the carriers. After the audio input has been corrected 
to provide a frequency modulation deviation character¬ 
istic which is level over the audio band Armstrong’s 
modulator produces a maximum frequency modulation 
of some 20 to 25 cycles. This frequency modulation 
is then multiplied in the penpltunate stage. For 
example—^if the transmitter is to operate at a maximum 
deviation of 75 Kc/s. these frequency changes (20 to 
to 25 cycles) must be multiplied some 3,000 times. 

The chief merit of the Armstrong transmitter is 
that, being based on a Crystal controlled oscillator, it 
has a higher inherent frequency stability than any 
other type of frequency modulator. 

The principal objections raised against Armstrong’s 
transmitter is the larjge amount of frequency multipli¬ 
cation required. 

eosG ^ OSCILLATOR OUTPUT VOLTAGE 

^Si ^ CS2 ’* amp.' MOOUIATION SIDEBANDS 
PHASE SHIFTED 90* 

E ■■ PHASED MODULATED WAVEFORM 

E = phase modulated wave-form. 
Cotc = Oscillator output voltage. 

Cji and = Amplitude modulation sidebands, phase 
shifted by 90“. 

Fig. 86. 
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CHAPTER VI 

POWER SUPPLIES FOR RADIO 
EQUIPMENT 

What is a metal rectifier? How may metal 
rectifiers he used to obtain a high-tension D.C. 
supply from A,C. mains? 

A metal rectifier is one of the many "single path” 
devices which may be used to procure a direct current 
from one of the alternating variety. It is actually 
a more permanent form of crystal detector, the crystal 
and "catswhisker” or crystal couple being replaced by 
discs of metallic copper and copper oxide. 

COPPEP 
DISCS 

LEAD 
WASHERS 

HEAT 
DISSIPATING 
VANES 

COPPER 
OXIDE FILMS 

'INSULATING BUSH 

SPACES LEFT BETWEEN ELEMENTS 
FOR CLARITY 

Fig. 87. 

The rectifier is usually made up of copper discs, one 
side of each having been subjected to a special heat 
treatment which produces a thin layer of copper 
oxide. A number of these discs are rigidly bolted 
together with lead washers as spacers, and large metal 
fins to dissipate the heat generated during use. 

A voltage applied in the direction from oxide to 
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metal produces a much gjreater current than a similar 
potential applied in the metal-oxide direction (Fig. 87). 

There are several methods of employing metal 
rectifiers to obtain high-tension current for the opera¬ 
tion of wireless apparatus. 

Three of these methods are illustrated in Fig. 88. 
Fig. 88 («) of above diagram shows a metal rectifier 

unit requiring a centre-tapped mains transformer. Half 
of the available alternatmg secondary potential is ap¬ 
plied across each rectifier element, rectifier (i) providing 
a conducting path during one half-cycle, rectifier (2) 
during the succeeding half-cycle. It will be seen that 
reservoir condenser Ci receives a charge twice during 
each cycle of applied alternating voltage, and that the 
arrangement corresponds exactly to a full wave ther¬ 
mionic valve rectifier. 

Figs. 88 (6) and (c) illustrate two very popular methods 
of connecting metal rectifiers. The rectifiers are used 
in pairs, the necessity for a centre-tapped transformer 
being obviated. 

During one half-cycle of applied alternating voltage, 
rectifiers (i) and (4) are conducting, rectifiers (2) and 
(3) during the succeeding half-cycle. Reservoir con¬ 
denser Cl thus receives two charges as shown for each 
cycle of applied alternating potential. 

The D.C. output voltage of these rectifier units is 
twice that of the rectifier illustrated in Fig. 88 {a) for a 
similar secondary voltage, since the whole of the 
secondary alternating voltage is utilised. In short. 
Figs. 88 (b) and (c) are full-wave rectifiers in the truest 
sense. AppUcation of this term to double-diode 
thermionic valve rectifiers and metal rectifier units 
of the type shown in Fig. 88 (a) is not strictly correct. 

What is a voltage doubler? How does it operate 
and what are its uses? 

A voltage doubler is a rectifier unit usually 
utilising metal rectifiers, but thermionic valves may be 
readily substituted, which provides a D.C. output 
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Fig. 89. 

voltage of approximately twice the alternating poten¬ 
tial developed across the secondary winding of the 
mains transformer. 

A typical voltage doubling circuit is illustrated in 
Fig. 89. 

Rectifiers (i) and (2) are connected in opposite 
directions to the same secondary terminal of the mains 
transformer, each functioning as a half-wave rectifier 
during alternate half-cycles of the alternating secondary 
voltage. 

When rectifier (i) conducts, condenser Ci is charged 
as shown in the sketch, similarly condenser C2 when 
rectifier (2) is in a conducting condition. 

The whole of the secondary voltage is applied across 
each rectifier in turn, and it will be seen that the D.C. 
output potentials developed across condensers Ci and 
C2 are additive, as the condensers are connected in 
series. 

The combined D.C. output potential is thus approxi¬ 
mately equal to twice the transformer secondary 
voltage. 

An arrangement of this nature is not usually used 
when a high current output is required, but is excellent 
in cases where a high voltage at a few milliamperes is 
all that is necessary. 

By taking special insulation precautions voltage in 
the order of 500,000 may be easily dbtained, 
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Voltage doublers are frequently used to provide 
high-tension supplies for the following apparatus: 

• (i) Cathode Ray Tubes. 
(2) X-ray Equipment. 

Describe the operation of a full-wave thermionic 
valve rectifier. 

Derive a simple formula for the percentage ripple 
in the output of such a rectifier unit. 

The full-wave rectifier shown in Fig. 90 utilises a 
double diode rectifier valve, the two separate diodes 
being housed in the same envelope. 

The transformer secondary H.T. winding is centre- 
tapped, the centre point being connected to earth and 
the two outer ends of the winding to the two anodes as 
indicated. It will be seen that the alternating potential 
applied across each of the diodes will be half of the 
transformer secondary voltage; one anode becoming 
positive during one half-cycle, the other during the 
succeeding half-cycle. 

Each diode functions as an ordinary rectifier, ther¬ 
mionic current flowing during periods whilst the anode 
is positive with respect to the cathode, this thermionic 
current charging the reservoir condenser Ci as shown. 
The condenser thus receives a charge twice during 
each cycle. 
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The output current may be considered ap a direct 
current upon which is superimposed an alternating 
current component. As the reservoir condenser re¬ 
ceives two charges during each cycle, the output 
alternating current component will have a frequency 
double that of the input supply. 

Operation of the full-wave rectifier is graphically 
illustrated below (Fig. 91). 

Fig. 91, 

The A.C. component of the D.C. output is termed the 
A.C. ripple and its value assessed as a percentage of 
the mean rectified voltage. 

An approximation, when the rectifier load is small, 
may be obtained as follows. 

Let the mean rectified voltage be F; as the load is 
light this may be assumed to be equal to the peak 
secondary voltage V. 

The maximum variation in the potential across the 
reservoir condenser, dV, is due to the load current I 
flowing for time di. 

If the frequency of the supply is / c.p.s. then dt may 

be approximated to y 

The load current I may be roughly assessed as 
follows; 
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where R is the effective load. 
Simple condenser theory states: 

Quantity of electricity = current x time = capacity 
X voltage change. 

i.e. dQ = Idt = C.dV. 

R.fC. ~ 

Thus the percentage ripple 
iv _ I 

V ^ R,f£, 

What do you understand by half-wave and full- 
wave rectification? Explain the operation of a 
thermionic valve half-wave rectifier, illustrating 
your answer with a circuit diagram. 

Rectification is the term applied to any method of 
obtaining a unidirectional current from an alternating 
current supply. 

A half-wave rectifier is one which suppresses alternate 
half-cycles of the alternating current input, the out¬ 
put being a pulsating unidirectional current. 

A full-wave rectifier utilises the whole of the alter¬ 
nating cmrent wave, alternate half-cycles being 
reversed by the rectifier. Again the output is^ pulsat¬ 
ing direct current, the pulsations occurring at double 
the frequency of those produced by a half-wave rec¬ 
tifier operating from the same supply. 

Fio, 92. 
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Fig. 92 (a) shows a single diode used as a hall-wave 
rectifier. The mains transformer supplies altetnating 
current at a low voltage, usuaUjr 4F, to heat the fila¬ 
ment, and also at a sufficiently high voltage to provide 
the requisite H.T. supply. 

The alternating potential induced across the H.T. 
secondary winding is applied between the anode and 
cathode of the rectifier. When the anode is positive, 
that is during positive half-cycles, thermionic current 
will flow through the valve, charging condenser Ci 
as shown. During negative half-cycles no thermionic 
current will flow through the diode, thus the charge 
on Cl will be unaffected, assuming there is no leakage. 
If an external load is applied across the output of the 
rectifier (marked H.T. + and H.T.—) Ci will begin to 
discharge, but if the load is not greater than the output 
of the rectifier, the potential across Ci will remain 
sensibly constant. 

Condenser Ci is frequently termed the reservoir 
condenser for obvious reasons, although in later years 
the components Ci, C2 and Li have been considered 
as a smoothing unit or L.F. filter, inserted to flatten 
out the alternating current ripple at the supply fre¬ 
quency, superimposed on the direct current output. 

Below is a series of curves illustrating the operation 
of a half-wave rectifier, Fig. 93. 

RECTfFlED 
VOLTAGE 

‘RANSFORMEff 
SECONDARY 
VOLTAGE 

-ONE CYCLE OF INPUi A.C 



What is a Mercury Vapour Rectifier? 
What precautions are necessary in its use? 

A Mercury Vapour Rectifier is a ''soft” diode, the 
gas remaining in the valve being mercury vapour. 

In addition to the vapour, a quantity of metallic 
mercury is also present. 

The Mercury Vapour Rectifier may be used in any 
standard half-wave, full-wave, or voltage doubling 
circuit. 

There are two operating conditions against which 
special precautions must be taken: 

(1) As the cathode requires up to 20 seconds in 
which to reach the point of maximum emis¬ 
sion, application of high tension voltage 
to the anode must be deferred until at least 
30 seconds after the heater is switched on. 
Failure to observe this precaution will result 
in there not being sufficient cathode emission 
to ionise the mercury vapour and prevent 
the potential difference across the tube rising 
above 22 volts, the value above which 

^ disintegration of the cathode is probable. 
(2) As an accidental short circuit of the rectifier 

load would cause the full alternating mains 
voltage to be applied across the tube, with 
disastrous effects on the cathode, special 
care must be taken to prevent this occurring. 
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Prevention of (i) is achieved by inserting a thermal 
delay switch in the A.C. supply to the anode of the 
rectifier and (2) by the use of a suitable fuse or over¬ 
load cut-out in the anode circuit of the valve. 

Connection of the preventive devices in a full-wave 
rectifier circuit is illustrated in Fig. 94. 

Describe the operation of a Mercury Vapour 
Rectifier. 

Fig. 95 illustrates a Mercury Vapour Tube used as 
a half-wave rectifier. 

r; 

When the cathode of the rectifier is heated, electrons 
are emitted, some being attracted to the anode during 
half-cycles when the anode is at a positive potential 
with respect to the cathode, the remainder forming a 
negative space charge around the cathode. Whilst 
traversing the mtervening space, frequent collisions 
occur between the electrons and the mercury mole¬ 
cules. If the velocity of the electrons at impact is 
sufiiciently great, the mercury molecules may be split 
up into ions. 

It is found that the potential difference between the 
anode and cathode necessary to ionise the mercury 
vapotu: is approximately 15 volts. At this potential 
the emitted electrons are just capable of completely 
ionising the mercury vapour. 
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A potential difference of less than 15 volts across the 
diode produces only a small electronic current, the 
internal resistance of the tube being comparatively 
high, but attainment of the ionising potential is accom¬ 
panied by a sudden tremendous mcrease in current, 
the internal resistance decreasing almost to zero. 
Existence of this condition is indicated by the appear¬ 
ance of a blue glow which permeates the whole vjdve. 

As the operating internal resistance of the mercury 
vapom tube is very low, its voltage regulation is good, 
in fact this type of rectifier is a very near approach to 
the perfect rectifier. 

A simple explanation of the vast increase in anode 
current when ionisation of the mercury vapour occurs, 
is that the positive ions produced neutralise the 
negative space charge existing around the cathode, all 
electrons then emitted by the cathode being attracted 
to the anode as fast as they are emitted. 

This condition will exist only as long as the potential 
difference across the tube does not fall below 15^volts. 

It has been found that if the positive ions present 
during ionisation fall through a potential greater than 
approximately 22 volts before striking the cathode, the 
surface of the cathode is liable to disintegrate. 

As long as the potential across the tube remains 
between 15 and 20 volts there is little likelihood of 
damage to the cathode. 
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CHAPTER VII 

RECEIVING AND TRANSMITTING 
AERIALS 

(a) State the main advantages of electromagnetic 
waves over light waves for communication. 

(6) Is the velocity of electromagnetic waves and 
light waves the same. What is the velocity of light? 

(c) Signals are received on a wavelength of 32*5 
metres. What is the frequency of transmission? 

{a) The advantages which electromagnetic waves 
have over light waves for communication are as 
follows : 

(i) They follow the earth's curvature and therefore 
the range of communication can be in¬ 
creased beyond the limits of the horizon. 
With light waves it is necessary that the 
point from which a ray of light is being 
received should be above the horizon. 

(ii) Electromagnetic waves will pass through or 
over intervening objects, such as buildings, 
etc. Light waves cannot pass such ob¬ 
structions and communication would be 
broken by these intermediate objects. 

(b) The velocity of electromagnetic waves and light 
waves is the same. This velocity is 300,000,000 metres 
per second or 186,000 miles per second. 

(*) F«qw„icy _ 

_ 300,000,000 

“ 32*5 
= 9,230*7 Kilocycles. 

Frequency of transmission is 9,230*7 Kilocycles per 
sec. 
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(a) What is a radiating circuit? 
How is the radiation resistance and radiation 

efficiency of an aerial obtained? 
(b) What is the radiation resistance of an aerial 

transmitting 1 Kilowatt if the current supplied is 
100 amperes? 

Any circuit such as an aerial, which is capable of 
radiating electromagnetic waves when alternating 
currents of suitable frequency is known as a 
radiating circuit. 

The radiation resistance of an aerial is obtained by 
dividing the power in watts radiated, by the square 
of the current in amperes. Stated mathematically: 

Radiation resistance R = ^ ohms. 

The radiation efficiency is the ratio of the energy 
transmitted to the energy supphed to the circuit, 
and is usually expressed as a percentage. 

(b) The radiation resistance of the aerial is 
^ _ P _ _ 

~ /2 100 X 100 

= o-i ohm. 

What is an Aerial? How is the wavelength of an 
aerial increased or decreased? Are there any 
detrimental effects that accompany the increase 
of the wavelength? 

An aerial is a conductor (or a number of conductors) 
used for the purpose of transmitting or receiving 
electromagnetic waves. It can take the form of an 
elevated wire or wires insulated from earth, or in the 
form of an insulated conductor wound on a framework 
in case of ordinary reception. 

The wavelength of an aerial can be varied by adding 
inductance oi: capacitance in series with the aerial as 
shown in Fig. 96. The wavelength is increased if 
inductance is added to the aerial in series, and decreased 
if capacitance is added. 
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Fig. 96. 

By placing a “lumped“ inductance in series with the 
aerial to increase its wavelength the open oscillatory 
circuit of the aerial tends to become a closed oscillatory 
circuit with the result that the radiating strength of 
the aerial is reduced. There is, therefore, a limit to 
the amount of inductance that can be inserted into 
the aerial without affecting its efficiency as a radiator. 
Generally speaking, the wavelength of an aerial can 
be doubled without seriously affecting the radiation. 

What do you understand by the natural induc¬ 
tance and natural capacitance of an aerial system? 
Natural inductance of an aerial system. 

The natural inductance of an aerial system is the 
combined inductance of all the cofiductors forming the 
aerial together with the inductance of the leads to 
and from the aerial. See Figs. 97 {a) and (6). 

Natural capacitance of an aerial system. 
The aerial wire acts as one plate of a condenser and 

the earth as the other; this also includes the leads to 
and from the aerial, Tliis capacitance of the leads and 
aerial is loiown as the natural capacitance of the aerial. 
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The portions of the aerial system nearer the groimd have 
greater capacitance than those portions of the aerial 
and leads fnrther above ground because of the greater 
space between the aerial conductor and earth. 

__MATtIRAL 
0AOG IHOUCTAHCfi 



Fig. 97 (a) shows the natitral inductance and natural 
capacity of.a roof-t}^ aerial, while Fig. 97 shows very 
clearly the distribution of the natural capacity of 
vertical aerial. 

Write a short account of aerial radiation and 
explain with the aid of a diagram the meaning of 
the terms true and virtual height of a reflected 
wave. Draw a graph showing how the angle at 
which the wave is radiated and the height of the 
ionized layer determine the distance from the 
transmitter of the reflected wave. 

When an aerial is energised, radio frequency rays are 
radiated out into space. Fig. 98 shows the ra3;s leaving 
an aerial at all angles of elevation from 0°— hori¬ 
zontally to 90°— vertically. Under practical condi¬ 
tions it is rarely possible for a ground aerial to radiate 

Fig. 98. 

any energy below approximately 4®, and in some cases 
little energy is radiated below 20®. The illustration 
therefore shows an ideal rather than an actual case. 
Again, the amormt of energy radiated at a m'^en angle 
depends on the height of the aerial, its natural frequency 
and its design. It is, however, convenient to assume 
that the rays provide communication over the surface 
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of the earth by means of the low angle rays and through 
the medium of the sky, by utilising the rcmaining rays. 

The rays with angles of radiation between approxi¬ 
mately 0° and 5° by a process of diffraction follow the 
earth’s curvature and provide ranges which vary with 
the type of terrain over which the rays are travelling. 

[V^VIRTUAL HElOHT 

Fig. 99. 

Over sandy soil even with high-power transmitters 
the ranges are very small and are greatest when 
directed over the sea. This variation in range is due 
to energy being absorbed from the rays as they radiate 
outwards. The absorption is greatest on the very 
high frequencies and becomes less as the frequency is 
lowered, until on frequencies between 50 and 100 Kc/s. 
it is very small. Because of this fact, wheri medium 
distance transmissions are required over land, use is 
usually made of low or medium frequencies. Over sea, 
however, owing to the low level of absorption H/F 
surface rays have useful ranges. 

The rays from the aerial radiated at anglesl between 
approximately 5® and 90® are projected towards the 
sky and eventually reach an electrified region many 
miles above the earth's surface. On entering this 

160 , 



region, the rays are gradually bent round and return 
to earth again. This action is shown in Fig. 99 where 
for simplicity in illustration one ray only is shown. 
Although it is correct to say that the ray is bent for 
the purposes of calculation, it is assujned that the 
process of gradual bending is replaced by simple 
reflection at a surface considerably higher than that 
to which the ray actually penetrated. In Fig. 99 
T A B C Ris the actual path of the ray ;T A D C Ris 
the assumed path. The height of this equivalent 
reflecting surface is known as the virtual height and is 
one of the important factors in frequency calculation. 
If the angle at which the ray leaves the aerial is known, 
allowing for the curvature of the earth, it is possible 
to determine the distance at which the ray will return 
to earth after reflection from a given height. The 
approximate distance is shown on the graph Fig. 100. 

(а) Define the term ** fading and state the cause 
of this phenomenon. 

(б) What is **selective fading**? 
(e) What are the causes of fading in the case of 

(1) Medium^wave stations within range of 
the ground ray? 

(2) Short-wave stations beyond range of the 
ground ray. 

(а) '‘Fading'' is the variation in strength of signals 
received from a distant transmitter. It may be caused 
by changes in the reflecting properties of the ionised 
layers of the atmosphere, or by the indirect ray re¬ 
flected from these layers sometimes opposing the direct 
ray received. 

(б) High-frequency electromagnetic waves differing 
slightly in frequency very often fade independently 
of each other. Thus in the case of a Radio Telephone 
Transmitter with a frequency spread of 9 kilocycles it 
is possible for the different frequency components of the 
modulated wave to fade quite independently of each 
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other, thus causing frequency distortion. This type of 
fading is known as selective fading. 

(c) Fading of medium-wave stations within range of 
the groimd wave occurs mainly at night owing to the 
decreased attenuation of the sky wave after sunset. 
It is due to interaction between the ground waves 
and waves reflected from the ionised (Heaviside) 
layer. 

The radiation from a short-wave station may occur 
at all angles to the horizontal. Reception at distant 
points outside the range of the groimd wave is due to 
reflection from the Appleton or F layers. Rays pro¬ 
jected at different angles to the horizontal will reach 
the receiver by paths of different length. The .com¬ 
ponents of the various waves will differ in phase. The 
resultant signal will therefore fade or vary. Varia¬ 
tions in the height and density of the layer introduce 
fading. In this case therefore, fading is caused by 
interaction between different indirect rays due to 
variations in reflectioh from the Appleton layers. 

Explain with the aid of a diagram, the meaning 
of the terms skip distance and skip zone. How do 
these vary with the power transmitted, the time 
of the day and season? Is it possible to receive 
signals from the station whilst in the skip zone? 

Skip distance and skip zone can be best explained 
by reference to figures 98 to loi, which illustrates 
the fields associated with a short-wave transmitter 
transmitting in all directions. 

The skip zone is the area surrounding the station 
between the points where the field strength of the 
direct rays becomes negligible and the points where 
the first indir^ rays or sl^ waves are returned to the 
earth. The skip distance is the distance across the 
zone in any direction horn the transmitter. The 
position of the inside edge of the zone varies with the 
power radiated, the nature of the terrain and the fre¬ 
quency of transmission. It does not vary with the 
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ILLUSTRATING SKIP DISTANCE and SKIP ZONE 
( Aerud Transmitting in All Directions ) 

Fio. lot. 

time of day. The position of the outside edge is deter¬ 
mined by the position of the ionisation layer and there¬ 
fore varies considerably with the frequency used, the 
time of day and the season of the year. It is inde¬ 
pendent of the power radiated from the station. 

It is possible to receive signals whilst in the skip 
zone, though reception would be very poor; such signals 
are the result of a scattering effect under certain 
conditions from the ionised layer. 
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Explain with the aid of diagrams the two methods 
of aerial excitation* 

The two methods of aerial excitation are known as: 

{a) The direct aerial excitation system. 
(b) The mutual inductive aerial excitation system. 
Figures 102 {a) and (b) show the respective ar¬ 

rangements. 
In the direct aerial excitation system the aerial 

itself may act as the tuned circuit, the condenser then 

corresponds to the distributed aerial capacitance to 
earth and the inductance to the natural inductance and 
the artificial inductance in series. 

With mutual aerial excitation the aerial is a separate 
open oscillatory circuit coupled to the valve tuned 
circuit which is then a closed oscillator. The coupling 
is usually mutual inductive. 

WImt are the advantages of mutual inductive 
aerim excitation compared with direct aerial 
excitation? 

Mutual inductive aerial excitation has the following 
advantages: 

[a) Valves are constructed to be capable of dissi¬ 
pating a certain amount of power at the anode with 
safety. The insulation of the aerial (if an open 
oscillatory circuit is employed) may sometimes faU 

J65 



to a very low value due to heavy rain, snow or some 
other reason, the load thus thrown on the valve 
may be so great that the circuit stops oscillating. 
Under these non-oscillatory conditions the whole of 
the power taken from the H.T. supply is dissipated 
at the anode of the valve instead of the usual per¬ 
centage (30-50%) and the valve may be burnt out. 
If, however, a mutually coupled circuit is used, the 
closed circuit continues to oscillate and to absorb 
its share of the power. The closed circuit is always 
trying to produce forced oscillatioii in the aerial and 
hence it tends to dry off the moisture from the aerial 
insulators. 

(b) Harmonics in a self-oscillatory circuit with 
negative grid bias always occur. With direct aerial 
excitation, energy at the frequency of these har¬ 
monics is radiated without any limitations and pro¬ 
duces undesirable interference. 

When mutual excitation is employed, the aerial 
circuit is naturally tuned to the first harmonic, and 
so presents considerably less impedance to the E.M.F. 
induced in it at this frequency than it does to the 
E.M.F’s induced by the higher harmonic currents 
flowing in the closed oscillatory circuit. Thus the 
higher hsirmonic currents in the aerial circuit are 
considerably reduced in amplitude compaired with 
the first harmonic current, and correspondingly less 
energy is radiated at these unwanted frequencies. 

In addition, the proportion of harmonic to fimda- 
mental current flowing in the inductive branch of 
the primary circuit is considerably less than the 
correspondii^ proportion in the make-up (^ode) 
current, for the capacitative branch of the primary 
tuned circuit presents less reactance to these higher 
frequency currents than does the inductive branch. 

(c) Variation of the natural frequency of self- 
excited oscillations occur. One conunon cause of 
such variation arises through changes in aerial 
'capacitance. These changes may be due to the 
aerial swaying with the wind. 
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With direct aerial excitation these changes in capaci¬ 
tance are directly operative in altering the L.C. value 
of the oscillatory circuit, and therefore the trans¬ 
mitted frequency. They also alter the L/C ratio of 
the tuned circuit, and so affect the oscillatory power 
transferred from the valve. 

With a closed oscillatory circuit and coupled aerial 
variations in aerial capacvitance stiU operate directly 
in the same way, but this effect then depends also on 
the coupling factor. 

With loose coupling the variations in frequency due 
to this cause may therefore be greatly reduced. Mutual 
aerial excitation is particularly advantageous at high 
frequencies where an untuned coupled aerial is usually 
employed. In this case, variations in aerial capaci¬ 
tance have a completely negUgible effect. With direct 
aerial excitation variations in aerial capacity would 
then produce the greatest actual changes in the trans¬ 
mitted frequency, the percentage variation remaining 
the same. 

The obvious disadvantages of mutual aerial excita¬ 
tion is that two circuits are maintained in oscillation 
with a corresponding increase in damping losses. 
Also, the looser the coupling, the smaller is the amount 
of energy transferred to the aerial circuit. Of more 
importance, however, is the avoidance of a phenomenon 
known as “frequency jump” which occxus in valve 
transmitters with tightly-coupled aerial circuits. It 
never occurs in loosely-coupled circuits. 

Define the term ** Polar Diagram." 
Give the polar diagram of an aerial system of 

four verticals with half wave-length spacing. 
What would he the effect of increasing the number 
of verticals to eight with the same spacing. 

A “Polar diagram" is a curve showing the values of 
the held strength produced at a constant distance in 
various directions around a wireless transmitter. 
The polar diagram of a single vertical is a circle. If 
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two such verticals correctly fed and spaced half a 
wave-length apart are energised, the polar diagram 
becomes a figure eight. 

A further increase of the number of verticals results 
in the figure eight becoming narrower. Fig. 103 {a) 
gives a polar diagram of an aerial having four verticals 
with half wave-length spacing, while Fig. 103 (6) is 
of that an eight-element system. 

(a) (b) 
Fig. 103. 

Explain with the aid of a diagram the effect of 
reflectors on a vertical aerial array. 

Considering a single vertical aerial with another 

wire (isolated) placed a quarter of a wave-length 

away. When cjirrent flows in the aerial, a magnetic 
field is set up around the wire which travels outwards 
in. all directions with the speed of light. This field 
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thus arrives at the other (reflector) wire after it leaves 
the aerial by a time interval corresponding to a lag of 
90°. If the current is an alternating one; the magnetic 
field also varies and is cut by the conductor forming 
the reflector. By Lenz's Law, this causes a current to 
flow which tends to reduce the magnetic flux producing 
it, i.e. a current lagging by 180° (opposite in phase). 
Since the magnetic field has already a lag of 90° owing 
to its time of travel from aerial to reflector, the cur¬ 
rent flowing in the reflector lags 270in phase behind 
that flowing in the aerial. The magnetic field from this, 
therefore, is travelling forward in the direction of the 
aerial and arrives in phase with the originating magnetic 
field, while the field travelling in the direction aerial 
to reflector is cancelled out. Thus the wave travelling 
in the forward direction is increased and that travelling 
backward diminished in intensity. Intermediate angles 
will give intermediate results owing to difference in 
phase and the resulting diagram 
will be a cardoid or heart-shaped 
diagram as shown in Fig. 104. 

Fig. 105 shows the polar dia¬ 

gram of 4 verticals 

fitted with reflectors. 

o® 

(SSniffh ^ spacing 

Fig. 104. 

spacing 
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Fig. 105. 
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Thus the combination of these two arrangements, 
viz, a series of aerials spaced half a wave-length apart, 
with a further series of reflectors behind at a distance 
of a quarter of a wave-length, constitutes a very effec¬ 
tive directive or ‘"Beam" system. If a number of 
such aerials can be disposed one above the other and 
so fed that the currents are all in phase, a further 
increase in the radiation will be obtained. 

Describe briefly a long wire directional aerial 
suitable for both transmission and reception at 
frequencies around 50 Mc/s^ 

An aerial especially suited to the transmission and 
reception of 50 megacycle horizontally, polarised 
signals, is the Horizontal Diamond or Rhombic Aerial. 

The arrangement is shown in Fig. 106. 
The aerial is com¬ 

monly made up of 
two horizontal Vs 
placed end to end 
but the method of 
construction maybe 
varied to provide 
the requisite rad¬ 
iation angle and 
directivity. 

The value of re¬ 
sistance R is chosen to ensure that it will absorb all 
energy which would be transmitted to or received from 
the rear of the aerial, a common value being from boo 
to 800 ohms. 

Fot transmission, the resistance must absorb some 50 
per cent of the total transmitter output, thus it is 
essential that the t5q)e of resistance chosen should be . 
capable of dissipating the necessary power. . 

When used as a receiving aerial, correct adjustment 
of jR can result in almost complete rejection of inter¬ 
ference from the rear. 

In practice the length of each of the four sides is 
made equal to at least twice the operating wave-length. 
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The Rhombic aerial is admirably suited for use on 
Ultra Short Wave point-to-point hnks, utilising one 
aerial for both transmission and reception. 

Find the voltage induced by a plane wtwe of field 
strength O’Ol volt per metre and wave-length 300 
metres in a vertical aerial 8 metres high. 

The voltage induced in an aerial can be obtained by- 
use of the formula. 

E = Fh volts. 
where F is the field strength in volts per metre, 
and h is the effective height of the aerial. 

Substituting the values given. 
£ = o-oi X 8 X iooo Millivolts. 

= 8o Millivolts. 

The current measured at the base of a radio¬ 
telegraph antenna is 220 amperes. The antenna is 
of L form with a " radiation height ** of 160 feet and 
the wave-length employed is 8000 metres. Find 
the power radiated. 

The power radiated is given by the formula 

P = --watts. 

where I is the current in amperes. 
h is the effective height | same 
A is the wave-length J tmits. 

Substituting values given 
Power in kilowatts equals 
1-580 X 220 X 220 X 48 X 48 

8000 X 8000 
s= 2-75 kilo-watts. 

(Note 160 ft. = 48 metres.) 
Ans. Power radiated = 2-75 kilowatts. 

Find the voltage induced by a plane wave of field 
strength O'Ol volt per metre and wave-length 300 
metres in a firame aerial I metre sgtuare of 12 tame, 
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the plane of the frame being in the plane of pro¬ 
pagation of the wave* 

The voltage received in a frame aerial in the plane of 
propagation of the wave is given by the formula: 

2tt F A N {. 
E == -^-volts. 

where F is the field strength in volts per metre. 
A is the wave-length in metres. 
A is the frame area in square metres. 
N is the number of turns. 

Substituting the values given. 

E = X miuivolts. 
300 

= ? 4— = 2-51 millivolts. 
3 ^ 

Ans. The voltage induced in the aerial is 2*51 
millivolts. 

What is the radiation resistance of an aerial 
having an effective height one hundredth of the 
length of the wave emitted? 

The power radiated p = I^R 
where I is the current in amperes, 
and R is the radiation resistance. 

but radiation resistance R = 160 tt* ^ 

where h is the effective height of the aerial, 
and A is the wavelength. 

im = 7* X 160 77“ ^ 

dividing throughout by 7* 

R = i6o 77* X ^ 

= i6o X 9-8696 X 10,000 

_ ,J57§. _ 0-1578 ohms, 
10,000 

Ans. The radiation resistance is 0-1578 ohms. 
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CHAPTER VIII 

SHIP-SttORE RADIO 

Write a short account of the ** service '' given to 
ships at sea by Coast Stations. 

Service to ships provided by British stations falls 
broadly into four categories. 

1. Coastal Service, For this service the coast stations 
operate on frequencies between 375 and 500 kc/s, and 
in addition maintain a short-distance radio telephone 
service on 1650 kc/s. 

The normal range of a coast station is up to 300 miles 
by day, but this distance is greatly exceeded during 
the hours of darkness. The service given to ships in 
the 375-500 kc/s band is almost entirely telegraphic. 

The radio telephone on 1650 kc/s is primarily in¬ 
tended for communications to and from Coasters and 
small craft who do not normally carry a radio operator. 
Some coastal stations are in a position Xp connect a 
ship fitted with R/T to telephone subscribers ashore. 
Direct two-way communication is possible under 
favourable conditions. 

2. Service by certain stations fitted to work to ships 
fitted with high-frequency apparatus. 

These stations operate on frequencies of the order 
of 6000-16,000 kc/s. 

These stations have almost world-wide range. 
3. A broadcast service to ships also operates. For 

this service a transmitter of very high power on a 
frequency of the order of 15 kc/s is used. 

The range of this transmitter is world-wide. 
4. Some of the largest luxury liners operate a world¬ 

wide telephone service. Ships fitted with suitable 
apparatus can give two-way telephone service to almost 
any telephone subscriber in the world. 
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What is the function of the automatic alarm 
receiver installed in some ships? 

A regular watch for distress calls is kept on all ships 
compulsorily equipped with wireless, so that when a 
ship finds herself in distress but beyond the range of 
coast stations, assistance may be afforded by other 
ships within range. 

The auto-alarm receiver is designed to respond to 
the auto-alarm signal. 

This signal consists of twelve four-second dashes 
spaced by one second intervals. 

On the operation of the auto-alarm signal, bell 
alarms operate in the radio room, radio operators’ 
cabin, and on the ship’s bridge. The alarm indicates 
that a ship in the vicinity is transmitting the auto¬ 
alarm signal which will be followed after an interval 
of two minutes by the distress message. The distress 
message consists of the distress call SOS, SOS, 
SOS followed by the distress particulars. 

The alarm signal is sent two minutes before the 
distress signal (SOS), to enable operators to reach 
their sets and be ready to receive the distress signal 
and particulars. 

Explain with the aid of a simple block schematic 
diagram the action of the automatic alarm equip¬ 
ment. How does this equipment discriminate 
between ordinary signals and distress signals on 
SOOKcls. 

The automatic alarm equipment is associated with 
a special receiver and consists of an anode bend 
detector and a number of relays. Fig. 107 is a block 
schematic diagram of the apparatus., 

Aido Alarm Signals Received. 
Relay 5 operates on receipt of a signal on 500 Kc/s. 

and its operation sets in motion the first timing arm. 
The signal will be of 4 seconds duration and will there¬ 
fore operate the first storage relay. At the end of the 
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Receiver 

ALARM QAIL EQUIPMENT 

Fig. 107. 

first signal a second timing arm is brought into opera¬ 
tion and on receipt of the second dash signal (received 
within 12*4 secs,) a second storage relay is operated 
in a similar manner. 

A third dash of the required duration operates a 
third storage relay which completes a circuit for 
operating the alarm relay. The alarm relay contacts 
complete a circuit for ringing the alarm device. 

The timing arms perform two functions (i) they 
time the duration of the signals received and (2) they 
check the time interval between receipt of signals. 

The automatic alarm apparatus is arranged to 
restore to normal at any stage of operation unless the 
incoming signals are of the required duration and 
spacing. For example, any incoming signal on 500 
Kc/s. will operate S relay and the first timing arm, 
but if the signal is of shorter* duration that 4 seconds 
the apparatus will restore to normal on completion 
of the signal. If the first signal is of the required 
duration then the first timing arm would check, on the 
time for the receipt of the next signal, and also its 
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duration. If a second signal was not received within 
12 -4 seconds, or if the second signal was not of 4 seconds 
duration the equipment would restore to normal. A 
similar restoration would occur during a third stage 
of signal reception. 

What part does the ** radio beacon play in the 
navigation of ships? State one method by which a 
ship can obtain a bearing whilst at sea? What 
frequencies are generally used by radio beacons? 

A radio beacon emits an automatic morse signal at 
regular intervals. The beacon is allocated an inter¬ 
national call sign for purposes of identification, and 
exact positions of transmitting aerials are published 
internationally. 

Ships fitted with "'direction finders'' can take 
bearing of these automatic transmissions. 

Two such bearings taken on different beacons will 
enable the Master of a ship to determine his position 
with some degree of accuracy. Before the war an 
interesting experimental beacon was established on 
the East Coast. This beacon transmitted a radio signal 
and a sound signal simultaneously. By noting the 
interval of time between the reception of the two signals 
it was possible to estimate the distance between the 
observer and the beacon. 

The frequencies allocated to radio beacons are of the 
order of 300 Kc/s. 

Describe two of the chief functions performed by 
coast stations. What are the frequencies used by 
these services? What procedure is adopted when 
a ship is in distress? 

Two of the chief services performed by coast stations 
are: 

(1) The safety service. 
(2) The traffic service. 

The frequencies used are between 375-500 kc/s and 
of the order of 1650 kc/s. 
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For long-distance and world-wide services of the 
order of 150 kc/s. If a ship is in distress it transmits 
by wireless the automatic alarm signal followed by 
the distinctive morse signal S O S, S O S, S O S on a 
frequency of 500 kc/s. It is followed by the distress 
message (name of ship, position, and details of 
distress)*. 

All stations intercepting a distress call are bound by 
international agreement to at once acknowledge its 
receipt, and to render every possible assistance to "the 
ship in difficulties. 

How does a ship not equipped with D.F. equip- 
ment obtain its hearing by means of a radio? 
What are the practical distance limits for effective 
transmission by radio telephony? 

To obtain a bearing from a coast station the ship 
calls the coast station using her international call 
sign, and requests a bearing (a special 3-letter group 
is actually used). 

When the coast station indicates that it is ready, 
the ship will transmit her call sign for one minute. 

At the end of this transmission the coast station 
will give the ship its bearing in degrees from the 
receiving station. The ship will know the geographical 
position of the coast station and will be able to plot 
the bearing. 

The practical distance limits for effective R/T 
communication depends upon the frequency and power 
employed by the transmitting station. Distances up 
to 300 miles are obtained from the low-power sets 
normally used on coasters on medium frequencies, 
and world-wide ranges are obtained from high-power 
transmitters using high frequencies. 

177 



CHAPTER IX 

LANDLINE W/T AND R/T INCLUDING 
R/C TRANSMISSION AND RECEPTION 

Describe with the aid of a schematic diagram the 
principles of operation of a radio telephono channel 
connected to a land-line. 

How is it possible to utilise the same frequency 
for both transmitters of a radio telephone link? 

Fig. io8 illustrates, in simplified form, the most 
important items of equipment associated with a radio 
telephone link. 

The land-line from the normal telephone-network, 
usually a trunk switchboard, terminates at the radio 
terminal on a special unit designed to couple the radio 
receiver and transmitter with the line, a balance to 
Simulate the land-line impedance being included. 

Variable gain audio-frequency repeaters, under the 
control of the radio terminal operator, are introduced 
as shown in Fig. xo8, to maintain the signals entering 
the transmitter and land-line at the correct level, 
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Frequently, the receiver and transmitter forming one 
terminal of a radio link, are situated at diSerent 
points, both at a considerable distance from the radio 
terminal. In a case such as this the receiver and trans¬ 
mitter are linked up with the terminal by means of re- 
peatered telephone circuits. When required, these 
circuits take the positioiis shown dotted in Fig. io8. 

Operation of the radio link is as follows: 
Speech currents from the subscriber connected to 

terminal "X" enter terminating unit TUi. A portion 
of the audio-frequency current reaches repeater UTi, 
where it is ampMed and passed on to the transmitter, 
the remainder being lost in the output circuit of 
repeater RXi. 

Audio-frequency current generated by the receiver, 
as a result of signals transmitted by terminal " Y,” are 
amplified to their correct level by repeater RRi and 
passed to terminating unit TUi. Here division takes 
place, half of the current flowing into the land-line, 
the remainder being lost in the balance. Design of 
the termination prevents any part of the received 
signal being passed to repeater RTi. 

By using different frequencies for transmission 
from terminals “X” and “ Y,” simultaneous communi¬ 
cation in both directions, often referred to as "duplex" 
working, may be achieved. 

A radio link may be operated on a single radio fre¬ 
quency as long as signals are transmitted in only one 
direction at a time, and repeaters associated with the 
opposite transmission path are rendered inoperative.- 

This is achieved by means of voice-operated relj^, 
or suppressors associated with each repeater. The 
passage of audio-frequency current through the transmit 
repeater renders the receive repeater at the same 
terminal inoperative and vice versa. 

What is a hybrid coil? 
Describe its mode of operation when associated 

with the terminal eqvdpment of a radio link, 
A hybrid coil is a high-grade multi-winding 
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transformer employed to effect conversion of telephone 
circuits from two-wire to four-wire working, or vice 
versa, in conjunction with a two-wire line balance. 

A radio link may be considered as a four-wire tele¬ 
phone circuit, since separate ''go'' and "return" 
paths are used. To permit connection of the four-wire 
link to the public telephone network, a fouf-wire- 
two-wire terminating unit must form part of the 
terminal equipment. 

Operation of the hybrid coil is as follows: 
Speech currents incoming from the two-wire land¬ 

line circulate via coils EF and JK, inducing similar 
currents in coils AB and NP, The current induced 
in coil AB produces a varying audio-frequency potential 
across the input circuit of the transmit repeater, which 
amplifies the signal and passes it forward to the wireless 
transmitter. The voltage produced across the output 
circuit of the receive repeater by the current induced 
in coil NP is lost. 

Audio-frequency currents produced by the radio 
receiver are amplified by the receive repeater and flow 
through coils NP and QR, Since the two-wire balance 
possesses an impedance approximately equal to that 
of the two-wire land-line, similar currents are induced 
in EF, JK and GH, LM, the former flowing via the 
land-line, the latter being lost in the balance. 

What do you understand by the terms ** singing ** 
and ** clipped speech ** when applied to a radio 
telephone channel? 

How may these difficulties be overcome? 

Singing is the term applied to the audio-frequency 
oscillation which occurs in a radio telephone link, due 
to one of the following causes: 

(а) An imperfect balance at the junction of the 
four-wire link and two-wire land-line. 

(б) A gain on the radio link due to variations in 
transmission conditions. 

Clipped speech is the phrase applied to the loss of the 
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first syllable of a signal passing over a radio-telephone 
link caused by the operate lag of the singing suppressors. 
If the suppressor requires x milliseconds to operate, 
the first X milliseconds of the signal will be lost, unless 
suitable precautions are taken. 

Singing and clipped speech are prevented by the 
introduction of singing suppressors, and delay networks, 
respectively, as shown in Fig. 109. 

In the condition of rest it will be observed that the 
transmit path at both terminals is short-circuited by 
contact Ti and the receive path is capable of accepting 
signals. 

Considering one terminal only, suppose an audio¬ 
frequency current is received from the two-wire line. 
A portion of the signal is applied to the output circuit 
of the receive repeater and is lost, the remainder 
reaches the input circuit of the transmit repeater and 
after amplification is passed on to the transmit ampli¬ 
fier detector and the transmit delay network. Uni¬ 
directional current produced by the detector operates 
relay T whose contacts operate approximately 25 
milliseconds after the application of a signal to the 
amplifier detector. Ti removes the short circuit from 
the transmit path and T2 renders the receive path 
inoperative. 

The transmit delay network introduces a trans¬ 
mission lag approximately equal to the operate time 
of relay T, thus by the time the first cycles of audio¬ 
frequency current emerge from the delay network the 
transmit path is clear. 

The short circuit across the receive path at T2 
prevents singing which would result if the transmitted 
signal returned to coils NP, QR of the hybrid via the 
distant terminal. 

On the termination of signals from the two-wire 
line, relay T releases, T2 restores the receive path and 
Tx again short circuits the transmit path. 

The terminal equipment is now prepared to receive 
signals from the distwt terminal. 

Audio-frequency s^nals from the receiver are applied 
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simultaneously to the receive amplifier detector and 
the receive delay network. Relay R operates and 
Ri disconnects relay T thus preventing its operation 
by any speech current which might reach it due to 
imperfect balance of the two-wire line. 

The receive delay network which again introduces a 
time-lag equal to the operate time of relay R, prevents 
the first few syllables of the received signal from operat¬ 
ing relay T before its disconnection at Ri. 

The output from the receive delay network is 
amplified by the receive repeater, and enters the 
hybrid coil. Half the available power passes into the 
two-wire line, the remainder is lost in the two-wire 
balance. 

What is the distinction between Echo Suppressors 
and Singing Suppressors? 

An echo suppressor is a device intended to eliminate 
undesired effects due to reflected currents in a tele¬ 
phone circuit. These reflected or echo currents, which 
are returned to both speaker and listener, become of 
increasing annoyance value as the echo delay time 
becomes greater. They are of importance therefore 
in long cou loaded lines where the transmission velocity 

Fig. 110. 
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is low. Echo suppressors are operated by the speech 
signals and, when operated, introduce sufficient loss 
into the return direction of transmission to reduce the 
echo signal to negligible proportions. They are 
therefore introduced into the four-wire part of the 
circuit as shown Tn Fig. no. 

The control element Ci is connected to the "'go” 
side of the A circuit and generates a direct current 
when speech potentials arrive from A, This control 
current operates on a network Ni, connected in the 
'‘return*’ side of the A circuit, so as to increase its 
loss considerably. 

Similarly, elements N 2 provide for transmission 
from B to A. 

A singing suppressor is a device intended to suppress 
the build-up of a voice frequency oscillation in a two- 
way radio-telephony channel. This oscillation or 
“sing” is liable to arise as a result of 

(a) the imperfect nature of the hybrid balance 
at the junction of the two- and four-wire 
circuits, 

and {b) the fact that the overall circuit gain may be 
occasionally positive in a radio link due to 
transmission variations. 

In addition, radio telephone links may need to be 
operated on the same incoming and outgoing frequency 
allocations. In order that the near end receiver shall 
not deliver a signal due to the near end transmitter, 
it is usual to block the receiving path when the trans¬ 
mitting path is in operation, and vice versa, by a singing 
suppressor. 

Show how the diode valve** functions in an 
echo suppressor. 

If alternating potentials are applied between fila¬ 
ment and anode of the diode, anode current will flow 
during the time that the anode is positive and stop 
when the anode is negative. Thus a series of uni¬ 
directional pulses can be obtained, the number of 
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pulses per second being the same as the frequency of 
the alternating potential applied. This action is 
known as "rectification” or "detection” and con¬ 
stitutes the chief function of an echo-suppressor. 

Fig. Ill shows the rectifier portion of an echo sup¬ 
pressor circuit. 

[TO GRID OF 
1ST STAG£ , 

. OF 
SUFPReSSED 
REPEATER 

The alternating speech potentials developed across 
the secondary of the input transformer are applied 
across the filament and anode of the diode. The con¬ 
denser Cl is given pulsating charges due to the rectifiy- 
ing action of the valve and the potentiometer Rz will 
have a difference of potential across its terminals, the 
point A being more negative than the point B. This 
potential is applied as negative bias to the grid of the 
repeater valve that is to be suppressed. 

In wh^t circumstances would the use of ultra¬ 
short-wave radio telephone links prove indis¬ 
pensable when setting up an inland telephone 
trunk network? 

What is a six-channel Multi-Modulated Single 
Carrier System? Enumerate its advantages an4 
disadvantages as compared with a six-channel 
Multi-Carrier System. ' ‘ 

A truak network designed to link up t^he towns and 
villq^es of a coimtry depends, in the main, on amplified 
drcoits set up on metallic conductors in under^oimd 
telephone cables. Occasions arise,' however, when for 
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various reasons, it proves impossible to link up two 
places by means of either overhead or underground 
conductors. Such circumstances are generally occa¬ 
sioned by extremely difficult terrain. For example, the 
two points to be linked up may be separated by a very 
rugged valley or by a stretch of water, spanning by 
aerial or submarine cable being impossible. 

When conditions such as these are encotintered, it 
may be economical to set up one or more Ultra Short 
Wave (U.S.W.) Radio Links to bridge the obstruction, 
the radio terminals being connected to the telephone 
exchanges requiring interconnection, by metallic cir¬ 
cuits. 

U.S.W. radio links are found to be most satisfactory 
when transmitter and receiver are within optical range, 
although a comparatively efficient service is possible 
over greater distances, fading becoming more trouble¬ 
some as the distance is increased. 

Directional transmitting and receiving aerials are 
normally employed to afford as much privacy as 
possible and to permit reduction of transmitted power 
to a minimum. 

There are two methods of providing six U.S.W. radio 
telephone links between two stations; 

{a) By utilising individual radio links each with 
its own aerials, transmitters and receivers, 
sometimes referred to as a Multi-Carrier 
System. 

[b) By using a six-channel Multi-Modulated Single 
Carrier System, the carrier wave in each 
direction of the single U.S.W. link being 
modulated by the outputs of six modulators. 

Advantages of a Multi-Modulated System are as 
follows: 

(1) Multi-Modulated System requires two aerialS 
on each site, whilst Multi-Carrier System 
requires twelve aerials on each. 

(2) Multi-Modulated System requires a much 
narrower frequency band than a similar 
number of individual links. 
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(3) Multi-Modulated System requires considerably 
less equipment. 

(4) Multi-Modulated System requires a smaller 
power supply. 

(5) Privacy of Multi-modulated Systems is assured, 
individual channels require special equip¬ 
ment to effect privacy. 

Disadvantages of a Multi-Modulated System are as 
follows: 

(1) Fading of the single U.S.W. link of a Multi- 
Modulated System affects all channels; all 
channels of a Multi-Carrier System are 
unlikely to fade simultaneously. 

(2) Failure of common equipment of a Multi- 
Modulated System will affect all channels, 
only failure of power equipment of Multi- 
Carrier System will stop all channels. 

What is an inverter? 
Describe its operation, with reference to a block 

diagram. 

An inverter is a privacy device used on radio tele¬ 
phone circuits in which the component frequencies of 
the speech input are inverted, thus rendering the 
radio links immune from imauthorised interception. 

The most important elements of the inverter are 
illustrated in the sketch below. (Fig. 112). 

Fig. 112. 

The speech input is fed into a balanced modulator 
(MODi) where it modulates the output from an 
oscillator (OSCi). ' 

The output from MODx is passed through a band¬ 
pass filter, which selects one sideband oiUy, into a 
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second balanced modulator {MOD2) where it modulates 
the output from a second oscillator {OSC2). 

By arranging the difference in frequency of the two 
oscillators to be the same as the input speech frequency 
band, one sideband of the second njodulator {MOD2) 
output covers the same frequency band as the original 
speech input, but with upper and lower frequencies 
inverted about the mean frequency. 

By way of example. 
Suppose a speech input frequency band of 0-4000 

c.p.s. be accepted by modulator MODi. 
Inversion must take place about a mean frequency 

of 2000 c.p.s. 
It follows that a 2000 c.p.s. input tone will be un¬ 

affected by the inversion equipment whilst any other 
frequency / c.p.s. will be displaced and take up a 
position 4000-/ c.p.s. 

Suppose the frequency of OSCi to be /x and that of 
OSC2 to be ft. The output from MODi will consist 
of sidebands /i — /, /i + / and any residual oscillator 
tone of frequency /j. The lower sideband /i — / 
and ft are suppressed by the band-pass filter, the 
input to MODt being ft+f and /,. The output from 
MODt will be/, -t- (ft +/)./i — (/i + f) and residual 
oscillator tone/,. The,low pass filter selects the lower 
sideband ft — {fi + f) which may be rearranged as 
(ft—/i) —/• 

Now if /, — /i is 4000 c.p.s., an input frequency of / 
will become 4000 — / in the output, thus inversion of 
the input speech band has been effected. 

Numerically, if /, is 10,000 c.p.s. and with a speech 
input range of 0-4000 c.p.s., the band pass filter must 
have a pass band of 10,000 — 14,000 c.p.s. If /, is 
14,000 c.p.s., the low-pass filter must have a psiss 
band of from 0-4000 c.p.s. to pass the lower sideband 
of the MOD2 output, the upper sideband 24,000— 
28,000 c.p.s. and residual oscillator tone of 14,000 c.p.s. 
being suppressed. 

The inverted speech band is used to modulate a 
transmitter carrier wave in the usual way and demodu- 
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lation by a normal receiver produces an unintelligible 
signal ^ 

If the receiver output is passed through an inverter 
similar to that used at the transmitter, the original 
speech output is reproduced. 

What disadvantages result from the inclusion of 
inverters in a radio telephone channel? 

The inclusion of inverters in a radio telephone 
channel tends to reduce its efficiency by the introduc¬ 
tion of additional noise and distortion as well as by 
increasing the fault liability. Voice-operated switching 
often used to connect the inverter as required in the 
transmitter and receiver circuits is particularly sus¬ 
ceptible to faults. The. use of the same equipment for 
inversion and re-inversion is permissible as both pro¬ 
cesses are similar. 

A further reduction in efficiency results if the in¬ 
verted speech is carried by land-line between radio 
terminal and transmitter, or receiver and radio ter¬ 
minal, since attenuation of upper inverted frequencies 
due to line cut-off causes attenuation of lower speech 
frequencies on re-inversion. 

A further serious disadvantage resulting from the 
use of the inverter as a form of privacy device, is that 
interception is possible by using a receiver containing 
an oscillating detector. By tuning the detector (in a 
state of oscillation) to the outer edge of one of the tra5is>- 
mitter sidebands a readable signal can be obtained .in 
the receiver output. 

It is very difficult to prevent the interception of 
inverted transmissions on the medium and long wave 
bands but in the case of short wave stations, it is 
possible to effect a slight periodic change in carriet 
frequency, insufficient to shift the sidebands outside 
the acceptance band of the correct receiver, but suffix 
cient to prevent imauthorised receptiom 

( 

How does the problem of transmitting music and 
pieturesover kmd~Unes differ from that of ordumrp 
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teltphone comtnanication? Describe briefty how 
the’special requirements of the former are met. 

The transmission of music and pictures over tele¬ 
phone lines necessitates veiy stringent line conditions 
as compared with those required for speech transmission 
Where music is concerned the very considerable 
increase in the width of the frequency band has an 
important bearing on the design of the necessary plant. 
The frequency band of commercial speech extends 
from about 250 c.p.s. to about 2600 c.p.s., whereas 
for music transmission of good quality, a range of 
from 50 to 8000 c.p.s. is necessary. Although efforts 
are made to reduce distortion where speech is con¬ 
cerned, the effects are not serious provided that the 
degree of intelligibility is sufficiently high to allow 
conversation to take place. In the case of music, 
however, freedom from distortion is of primary impor¬ 
tance. The circmts must be free from cross-talk and 
other unwanted noises. In order to reduce electro¬ 
static interference, the conductors used for music 
transmission are usually “situated in the centre of tele¬ 
phone trunk cables, and are screened with metallised 
paper. As a high cut-off frequency is required, loading 
is carefully arranged, and the loading coil spacing is 
usually half the normal distance, i.e. 1000 37ards. 
Where repeaters are used, care is taken in the design 
in order to prevent the introduction of distortion, and 
they must be capable of dealing efficiently with the 
wider frequency band. The type of coupling used in 
the amplifiers has an important bearing on the amount 
of distortion introduced. 

Where picture transmission is concerned, the ques¬ 
tion of constant attenuation is a very important one. 
Slight variations in the volume of speech or music 
do not interfere greatly with the reception, whereas 
in picture transmission any variations in the attenua¬ 
tion will cause differences of density on the picture. 
For this reason the primary constants of the cable, 
particularly in the leakance, should be maintained 
constant. The question of distortibn, both in amplitude 
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and phase is as important as in music transmission, 
and the conditions as to the t3rpe of amplifiers used are 
the same. Line noises, clicks, etc., although un¬ 
desirable in speech and music transmission, have more 
marked effects in the transmission of pictures, as they 
result in superfluous marks on the picture. For this 
reason any operations such as monitoring which may 
introduce clicks, are avoided. 

(а) What do you understand by the ** character^ 
istic resistance ** of a circuit? 

(б) A line 10 miles in length has a total true loop 
resistance of 17S»6 ohms and a total true insulation 
resistance of 20JOOO ohms. What is the character• 
istic resistance of the circuit? 

{a) Every line used for the transmission of current 
possesses certain properties which are directly detri¬ 
mental to its efficiency. Where direct current is 
being transmitted, the two most important factors 
are the conductor resistance and the leakage resistance 
which exists between the two lines. If a short line is 
tested for loop resistance and leakance, the measured 
loop resistance will be found to be much lower than 
the resistance between the two lines. If the line is 
increased in length the conductor resistance increases 
proportionally, and the resistance between the lines 
decreases. The latter effect is due to the fact that 
the various small leakage paths can be considered to 
be all in parallel. Thus it will be seen that when a 
very long line is considered, the measured loop resist¬ 
ance is approaching the measured insulation resistance, 
until with an infinitely long line the two values would 
be equal. If it were possible to measure such a line 

.from the sending end, the same resistance would be 
obtained whether the distant end was closed, i.e. for 
loop resistance resting, or open for insulation testing, 
and this resistance is known as the characteristic 
resistance of the circuit. Thus the characteristic 
resistance of a circuit could be defined as its apparent 
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loop or insulation resistance when exteirded to an 
infinite length. It would be assumed that the conduc¬ 
tor resistance and the leakage were uniformly distri¬ 
buted over its length. 

(6) Loop resistance per mile 

=: c= 17-56 ohms. 

Leakage resistance per mile 
= 20,000 X 10 = 200,000 ohms. 

Ro - /•? 
~ V G 

wher^ i?o = characteristic resistance in ohms. 
R = loop resistance p^r mile in ohms. 
G = leakance per mile in mhos. 

Substituting values, 

/ 17-^ 
i?, = V I 

200,000 

= V'^7‘5^ X 200,000 
= v'3.512,000 

1874 (approx.). 
Ans. The characteristic resistance is 1874 ohms. 

Figure 113 represents a land-line circuit contain¬ 
ing five repeaters. A, B, C, D, and E. Each repeater^ 
introduces a loss of 4 dh due to the differential 
transformer. The line loss between each repeater 
is as shown. If the input to A is —2 db and the 
output of each repeater is adjusted to -h 10 db, show 
ihejgain of each repeater. What is the total loss in 
the circuit between points x and y, and what is the 
overall gcdn? 

X 

S 
H 

C n a 
Ji ♦#0 

ourmrr 
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Fig. I14. 

Fig. 114 shows the respective gains of the repeaters 
A,B,C,D, and E in order to give an output of 10 db at 
each repeater. 

The total loss between x and y is the sum of the line 
and transformer losses, thus total loss = (4 + 15) + 
(4 + 14) + (4 + 13) + (4 + 12) + 4 = 74 db. 

The overall gain is the difference between the output 
at E and the input at A. Overall- gain = + 10 — 
(—2) = 12 db. 

Ans. The total loss in the circuit is 74 db. and the 
overall gain 12 db. 

Write a short account of the use of the term *‘deci‘ 
belt* What is the advantage of expressing the 
transmission loss or gain in a circuit in decibels, 
over its expression in ratios only. 

When current, either D.C. or A.C., is transmitted 
over a line, the power received at the ^stant end may 
be only a fraction of that sent, flue to the various 
characteristics of the line. The power is said to have 
been attenuated. Where speech . currents are con¬ 
cerned this effect is due mainly to the conductor 
resistance and the capacitance between the two wires. 
The unit in which this loss is expressed is termed the 
decibel. The power loss in decibels is expressed as 
10 times the logarithm to the base zo of the ratio of 
the power sent to that received, i.e. p 

Loss in decibels = to Logi, ^ 

If a loss of, say, 3 decibels occurs in one part of a cir¬ 
cuit and there is a loss of 7 deckels over the remainder 
of the circuit, the total loss is the sum of the two 
individual losses, namely, 10 decibels. Thus the total 
loss on any circuit consisting of a number of links 
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can be found very quickly if the losses in the various 
links are known in decibels. Besides a loss, a gain, 
such as that obtained through an-amplifier, can be 
expressed in decibels. 

The loss or gain in a circuit could be expressed purely 
as a ratio of the power sent to that received, e.g. if i 
milliwatt was sent and 0.002 milliwatts were received 

the loss could be expressed as —-— or 500:1. If this 

ratio were applied to one section of a circuit only and 
there were several sections to be considered, it would 
be necessary to multiply together the ratios obtained. 
This may result in laborious calculations, whereas if 
the individual loss in each section is expressed as a 
logarithm, simple addition only is required to obtain 
the total loss. 

What is the relationship between the neper and 
the decibel? 

Both the neper and the decibel are units of attenua¬ 
tion, the former having the disadvantage of involving 
the use of natural logarithms, or alternatively com¬ 
mon logarithms with a conversion factor. The decibel, 
however, is a smaller unit and involves the use of 
common logarithms only. It therefore becomes neces¬ 
sary to be able to convert nepers to decibels or vice 
versa. 

Let X = number of decibels in 
one neper. 

The attenuation in decibels ^ x x attenuation in 
nepers 

p 
But attenuation in decibels == 10 logi^ ^ 

Jr r 

Where P, = power sent, 
and Pr = power received. 

Also, attenuation in nepers = 
P P 

i log0 i 2-3026 logio jr 
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Therefore lo logi^ 
p p 
pi ia: X J X 2-^026 logio^ 

, XX 2*3026 
and 10 = --- 

2 

.-.a: = ^ f = 8-686 
2-3026 

A ns. There are 8-686 decibels in i neper. 

Calculate the total attenuation in (a) nepers, 
(b) decibels if the ratio of sent current to received 
current is (i) SOjl, («) 25/1, (£n) 2/1. What is the 
ratio between the power sent and power received 
in the case of a line having a total attenuation of S 
decibels? 

Attenuation in nepers = 2-303 fogio r 
r 

Attenuation in decibels = 20 logic T 
i r 

(I) = 50 

Attenuation = 2-30310^1* 50 nepers 
= 2-303 X 1-699 

= 3*91 nepers 
= 20 X 1-699 

= 33-98 decibels 

(II) if^ = 25 

Attenuation = 2-303 logi 0 25 nepers 
= 2-303 X 1-3979 

= 3-22 nepers 

20 X 1-3979 
= 27*96 decibels 

(III) If ^ = 2 

Attenuation = 2*303 logi 0 2 nepers 
= 2*303 X 0*301 

0*693 nepers 
= 20 X 0*301 =6*02 decibels 
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Attenuation 
p 

«= 10 logit -K^dacibels, 
-t r 

= 5 decibels 

- 10 logio ~ 

= 0-5 

«= 3-162 

= 3-162:1 

Ans. (I) 3-91 nepers, 33-98 decibels. 
(II) 3-22 nepers, 27-96 decibels. 

(Ill) 0-693 nepers, 6-02 decibels. 
The ratio of power sent to power received 

= 3-162/1 

If one watt is applied at the sending end of a 
circuit and 0’2S watt is delivered at the receiving 
end, what is the power loss expressed in (2) nepers 
(2) decibels? 

Let P, and P, be the power at the sending and 
receiving ends respectively and I, and I, the corres¬ 
ponding currents, then, assuming that the current at 
the sending and receiving end is flowing into equal 
impedances: 

P. /.‘P 

. / -P* ^ 
•• V Pf~Tr 

and the loss in nepers a log, ^ 
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- 2-303 X 0-5 ^ 

= 0-63 Nepers. 
p 

I-oss in decibels ■= 10 logi^ 
Jr r 

— 10 logit ^ _ 

= 6-02 decibels. 

Ans. (I) The power loss = 0-693 nepers. 
(II) The power loss = 6-02 decibels. 

It has been found necessary to accommodate the 
operators of wireless telegraph channels in a build¬ 
ing remote from the actual transmitter and receiver 
blocks. 

How may remote control of transmitters and 
remote reception be achieved? 

Remote control of transmission and remote recep¬ 
tion may be effected over physical circuits set up 
between the operators’ positions and the transmitters 
and receivers. 

The type of circuit and terminal apparatus employed 
depends on the signalling conditions required, a few 
examples of both remote control transmission and 
remote reception are detailed below. 

(a) Remote control of transmitters. 
The most common methods adopted for remote 

control of a transmitter are: 
(1) Direct current keying via a telegraph relay. 
(2) Tone keying. 

(i) Direct Current Keying, 
The circuit arrangements are illustrated in Fig. 115 

{a). Operation of the telegraph key connects an earthed 
battery to the physical line which in turn operates 
the "telegraph relay. The relay contacts are con¬ 
nected to the transmitter in place of a local tel^aidi 
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DECEIVER BLOCK 

key. A two-wire line may be used instead of a single 
wire and earth return if desired. 
(2) Tone keying. 

The audio-frequency tone used to modulate the 
transmitter is generated near the operators’ position, 
the keyed tone being extended via a two-wire line to 
the transmitter. If necessary line transformers and 
amplifiers may be installed. Fig. 115 (6) shows the 
circuit arrangements. 
(6) Remote Control Reception. 

The method used to link up the receiving operator 
with the receiver is usually one of the following: 

(il Direct tone reception. 
(2) Indirect tone reception. 
(3) Sounder reception. 
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(1) Direct Tone Reception, 
The audio output of the receiver is passed via a 

two-wire line to the operating position. If necessary 
line-transformers and amplifiers may be incorporated. 
See. Fig. 115 (c). 
(2) Indirect Tone Reception, 

The receiver output is utilised to operate a telegraph 
relay the contents of which connect a D.C. potential 
to the physical line. A*t the operators' position, line 
current operates another telegraph relay, the contacts 
intercepting the circuit of an audio-oscillator and tele¬ 
phone receiver. The arrangements are illustrated in 
Fig. 115 {d). 
(3) Sounder Reception. 

As for indirect tone reception, the receiver output 
operates a telegraph relay which applies D.C. to the 
physical line. At the operators' position the incoming 
current operates a sounder either directly or via a 
relay. See Fig. 115 {e). 

The single-wire line and earth return of Figs. 115 {d) 
and {e) may be replaced by a two-wire Line. 

Describe a method whereby a Wireless Telegraph 
link may be operated at a speed far in excess of 
that obtainable with hand-operated Morse Keys. 

Show how the W/T Transmitter may be controlled 
from a remote WIT Office^ 

One method of increasing the signalling speed of a 
W/T link is by the utilisation of an automatic Morse 
transmitter and some form of Morse recording device. 
An automatic transmitter is essentially a power- 
operated Morse key, Morse signals fed into the trans¬ 
mitter in the form of perforations on a paper tape or 
slip being converted into electrical impulses. Motive 
power to drive the transmitter is generally obtained 
from a small electric motor. 

There are various types of recording device suitable 
for the reception of high-speed Morse signals, the 
simpler types being (a) the Undulator and the 
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Siphon Recorder. Both of these receivers record the 
Morse signals as an irregular ink line on a paper slip 
drawn by an electric motor beneath a pen controlled 
by the wireless receiver output. 

Another form of receiving device is the Receiv^ 
Re-perforator which perforates a paper slip (similar 
to the one fed into the Auto-transmitter) in accord¬ 
ance with the received signals. This perforated slip 
is then fed through a Morse* Printer which produces 
a t3rped copy of the message on either a paper tape or 
a page. 

meoRAPH DEuv 

M 5 

__ WIRELESS 
TRANSMITTEA 

Fig. II6, 

Fig. Ii6 shows how an auto-transmitter may be 
used to control a W/T transmitter remote from the 
operating position. 

The electrical signals produced by the auto-trans¬ 
mitter < are made to operate a telegraph relay in the 
transmitter building, the relay contacts taking- the 
place of a local Morse key. - . , 

The R/C circuit may be operated on either a single 
or double current basis. 

Describe with the aid of a simplified diagram 
the operation of a Wheatstone Automatic Morse 
Transmitter, 

Fig. 117 illustrates the essential elements of a Wheat¬ 
stone Transmitter suitable for Morse Code signals. 

The transmitter mechanism is controlled by a paper 
slip perforaited in accordance with the following code: 

(a) Dot—One central hole and two larger holes^ 
one above and one below the central hcde. 
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(6) Dash—^Two centre holes and two larger holes, 
one above the first centre hole and one 
below the second. 

(c) Interval—One centre hole. 

dot dash dot. dash 

Fig, II7. 

A sample of perforated slip is shown in Fig. 118. 
Power to drive the transmitting mechanism and the 

paper feed is generally obtained from a fractional 
horse-power electric motor although earlier models 
were powered by gravitational force on a descending 
weight. 

The transmitter consists essentially of two bell- 
crank levers Lx and L2, pivoted as shown, which in 
the absence of slip are held against pins Pi and P2 by 
the action of springs S3 mid S4. Pins Pi and P2 are 
moimted on a rocker R which is caused to oscillate 
when the transmitter is nmning by the action of the 
rotating wheel IV and its associated rod. 

When Pi rises and P2 falls, rod Al pivoted to Li 
moves to the right and rod A 2 carried by L2 moves 
to the left. The collet Ci on A i moves the transmitter 
tongue T over to make contact with S, spacing potential 
being transmitted to line. 

Similarly, when Pi falls and P2 rises, cohet C2 
moves the transmitter tongue into contact with M, 
marking potential being appUed to line. 

The action of the transmitter tongue is speeded up 
by the jockey roller /, which by the pressure of a 
spring ensures rapid transit from one contact to the 
other. 
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Fig. ii8. 

Rods Ri and Rz attached to bell-crank levers Li 
and Lz respectively, are placed either side of a star 
wheel, SPF, whose rotation is caused to move the slip 
through the transmitter. The speed of rotation of 
the star wheel is arranged so that the upward move¬ 
ment of Ri and Rz (if correctly adjusted) takes place 
when the perforations are exactly opposite the ends of 
the rods. 

It will be seen that if the transipitter is run without 
slip, a continuous train of “marks” and “spaces”, 
referred to as “reversals,” will be sent to line, since 
rods Ri and Rz may rise and fall without hindrance. 

However, when perforated slip is fed forward by 
the star wheel, rods Rz and Rz come into operation 
and prevent the movement of the associated bell- 
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cranks under the action of pins Pi and Pz unless a 
perforation permits Ri or Rz to pass through. In the 
absence of perforations the transmitter's tongue does 
not move. 

Suppose a dot passes over the star wheel, rod Rz 
rises and is free to pass through hole (i) (Fig. ii8) and 
Cz moves T over to M; when Pi rises, Ri is free to 
pass through hole (2) and Ci restores T to the spacing 
contact 5. A dot has been transmitted. 

Suppose the next signal is a dash, Rz wiU pass through 
hole (3) when Pz rises, but when Pi rises there is no 
hole opposite its end thus the mark continues to be 
transmitted until the next time Pi rises, when Ri is 
free to pass through hole (4) and T returns to the spacing 
contact. A dash, three times the length of the dot, 
has been transmitted. 

Rods Ri and Rz move forward slightly on entering 
a perforation in the moving .slip, but springs Si and 
Sz restore them. 

Describe with the aid of a circuit diagram the 
operation of the Creed High Speed Morse System, 

The Creed High-Speed Morse System. 
This system, which is a development of the Wheat¬ 

stone automatic system, is particularly suitable for 
operation over long and difficult land lines and sub¬ 
marine cables, or for radio work. It provides a single 
channel over which messages are transmitted at high 
speed in the Morse code and recorded in printed Roman 
characters. 

At the sending station the messages are prepared by 
as many operators as are necessary, each typing on a 
keyboard perforator which punches holes in a paper 
tape, representing signals in the Morse code. The 
perforated tape is then passed through a Creed auto¬ 
matic Morse transmitter. In this unit, two needles 
translate the perforations and cause currents to be 
transmitted to the line in the form of the well-known 
dot and dash signals of the Morse code. The 
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transmission speed may be lo to 200 words ^r minute 
according to ue volume of traffic and the limitations 
of the line. 

At the receiving station the incoming high-speed 
signals are received and reproduced by a Creed Morse 
receiving re-perforator as perforations in a paper tape 
identical in every respect with the original tape pre¬ 
pared at the transmitting station. This tape is then 
passed through a Creed Morse printer which translates 
the perforations and prints the message in Rom^ 
characters on a paper tape or in page form, according 
to the type of printer ijsed. Fig. 119 shows the 
arrangement of the apparatus. 

Prinaple of Creed High-Speed Mone Pnnting 
Tdegnpb Systns 

Fig. I19, 

The paper received from the re-perforator may, of 
course, be used also for re-transmission. 

The ssrstem can be operated on a simplex basis 
(one direction at a time) or a duplex basis (both direc¬ 
tions simultaneously), and the speed of operation can 
quickly be adjusted to meet valuing line conditions. 
Since it employs the Morse code, the signals can be 
read by sight or sound. 

The Morse tape printer will work satisfactodly at a 
speed of 120 words per minute, but 100 words per 
minute may be considered a reliable speed for con¬ 
tinuous use. The Morse page tointer may be oper¬ 
ated at 80 words per minute with safety. 
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Accurate syncteonism between the machines at each 
end of the line is hot necessary as the receiving re¬ 
perforator provides a sufficient margin of correction to 
allow of considerable differences in speed. 
Application to Radio. 

The Creed High-Speed Morse Transmitter is operat¬ 
ing with conspicuous success on radio services, the 
signals being received by means of undulators. The 
R.M.S. Queen Mary is equipped with two transmitting 
sets and one imdulator, transmitting and reception 
speeds of loo w.p.m, have been obtained. 

The tape transmitter controls a highly insulated 
polar relay, the contacts of which control one of the 
grid circuits of the radio transmitters. 

Describe the operation of an Undulator, illus¬ 
trating your answer with a simple diagram. 

The Undulator is a form of siphon recording instru¬ 
ment. 

A paper slip is arranged to be drawn over rollers by 
a small electric motor beneath a silver style-pen con¬ 
nected to an ink supply, the pen being moved at right 
angles to the direction of motion of the slip on receipt 
of ‘ ‘ marking ” signals. A sample of the trace 'produced 
on the slip is shown in Fig. 120. 

_mu 
dash dot daush dot 

Fig. 120. 

The silver style-pen (SP) has a longitudinal hole 
which is connected by a fine rubber tube to an ink 
reservoir. 

The style is constructed to be r^dd latraally, the free 
end being bent over to touch the slip with little 
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pressure. The opposite end of the style is attached to 
pivoted rod (R) which also carries two magnetic 
tongues (T), these tongues being polarised by a per¬ 
manent magnet {PM). 

The signalling current passes through the two 
operating coils (C), their magnetic effect deflecting 
the tongues and style in accordance with their direction. 

The adjustable buffers (B) are fitted to Umit the 
tongue travel, thus preventing damage to the style. 
The operating coils are fitted with adjustable pole 
pieces to facilitate adjustment. 

'RUUeit TUBC 
-TO INK msERVOII) 

SLIP 
MAAK /c 

ml 1 SLIP ? ® Vj 

M ■ i. iy 

■ SPACE f c 

HH vS 

Fig. 121. 

In practice the position of the trace on the slip 
(spacing) is adjusted so that there is approximately 
one-third of the width of the shp on the spacing side 

' of the trace. Receipt of marking current rapidly 
deflects the style to the marking buffer, retiurning it to 
the spacing buffer at the end of the mark. 

By fitting a variable speed control to the motor, the 
velocity of the shp may be adjusted to give maximum 
legibhity of signals. 

The main elements of the imdulator are shown in 
Fig. I2I. 
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CHAPTER X 

MEASURING INSTRUMENTS 
% 

Sketch and describe the moving-coil ammeter. 

Figs. 122 {d) and (6) show the essentials of a good 
type moving-coil galvanometer. The coil is wound 
upon an aluminium former which is pivoted so that 
it may rotate in the magnetic field of a permanent 
magnet. A soft iron core intensifies the field in 

llfeWfL 

the air gap and also makes the field radial at 
all points within the movement range oUthe coil, 
affording a linear scale. An E.M.F. applied to the 
coil produces turning moment about the pivot, this 
is opposed by the torque of a pair of helical hair 
springs, which are so designed that when the pointer 
is at zero the torque due to one spring balances that 

207 



of the'other. When a deflection occurs, however, 
the torque of the spring increases in direct proportion 
to the angle through which the coil is tximed. The 
hair springs carry the current into and away from the 
coil. Fig. 122 (a) is enlarged to show the movement 
clearly. 

Sketch and describe two methods by which a 
moving-coil ammeter could be arranged to measure 
alternating currents. 

A moving-coil ammeter can be arranged to measure 
an altematii^ current by: 

(1) Fitting a thermal-couple to the ammeter as 
shown in Fig. 123. 

(2) Fitting a fuH-wave instrument rectifiei: a9 
shown in Fig. 124. 

(i) The thermal-couple consists of two wires of diff¬ 
erent material making eontnct at a definite point B. 
A cmrent passes through the conductor,and its 
temperatme is increased.. An E.M.F. is thus gener^^ted 



in the couple and a current passed through the milli- 
ammeter. 

(2\ The bridge rectifier method of adapting moving- 
coil instruments to measure alternating current is 
shown in Fig, 125 and is utilised very considerably in 
present-day practice. 

The rectifier consists of four copper 4iscs, approxi¬ 
mately J in. diameter, each disc has a thin film of 
oxide oh one face. It is found that the disc of copper 
with a coating of oxide acts as a rectifier, i.e. it offers 
a low resistance to the flow of electricity in the direc¬ 
tion from oxide to copper and a very high resistance 
in the opposite direction. The four discs are con¬ 
nected as shown in Fig. 125, each arrow representing 
a disc and the direction of current flow. If the con- 
ductmg paths are traced out (with the aid of the arrows) 
it will be seen that current flows unidirectionally 
through the meter. 

It will, however, be necessary to mo^fy the scale 
markings or recalibrate the moving-coil instrument as 
the current flowing in each of the above cases will be 
the mean and not the R.M,S. value. 

DMcrihe with the aid of sketch the principle 
ifction of the moving^iron ammeter of the 
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attraction type. Can this type of instrument 
measure both alternating and direct currents? 

•Fig. 126 shows the constructional details of the 
moving-iron instrument. 

When a current passes through the coil C the field 
of force set up magnetises the soft iron disc which is 
attracted towards the centre of the coil where the 
magnetisation is greatest. In moving towards the 
centre the needle attached to the soft iron disc is 
deflected across the scale. The force acting on the 
moving part depends upon the product: 

(1) The degree of magnetisation of the soft iron 
disc. 

(2) The intensity of the magnetic field created. 

If the direction of the field is reversed both these 
quantities change sign, and their product does not 
change. The movement of the needle depends on the 
square of the current * •. If the cmrrent is reversed this 
becomes (— i)* which is equal to i*. This effect can 
be looked at more simply as follows. Let us assume 
that for a given current direction a given face of the 
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iron disc is magnetised "north/* and is attracted by 
the magnetic field created by the current passing 
through the coil. When the current is reversed this 
field is reversed and would repel a north pole. At the 
same time the iron core is remagnetised so that the 
face previously magnetised "north** is now "south.** 
An attraction therefore still results. 

It follows, therefore, that the instrument can measure 
both alternating and direct current. 

Describe with the aid of a sketch the principle of 
operation of the hot wire ammeter, and state the 
advantages, if any, that it possesses in comparison 
with the moving^ coil ammeter. 

The hot wire ammeter consists of a fine wire stretched 
between the terminals of the instrument A and B, 

Fig. 127. 

The middle point of this wire is held in tension by 
a fine wire that passes round a light pulley wheel to 
a spring 5. If a current passes through wire AB it 
will become heated and slacken, this slack is taken 
up by the spring S pulling the fine pulley cord at 
C. In doing this the pulley wheel rotates and a needle 
which is pivoted to it is deflected across the scale. 

The main advantage of this instrument over the 
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moving-cofl is that it is capable of measuring 
both alternating and direct currents, because its deflw:- 
tion is dependent upon the heating effects which are 
proportional to the square of the current flowing. 

A mooing-coil milliammeter has a resistance of 
S ohms and gives a full scale deflection with a 
current of SO milliamperes. Giving a circuit 
diagram and particulars of any auxiliary apparatus 
'required, explain how this instrument could be 
adapted to measure: 

(а) A direct current of S amperes, 
(б) A direct voltage of 20 volts. 

The instrument could be adapted to measure 5 
amperes by placing a resistance in parallel with it as 

SHUNT 
HESISTANCE 

rAMAA/WVWi 

-kSH- 
Fig. 128. 

shown in Fig. 128, so that only a small proportion of 
the main current flows through the meter. 

The value of this shunt resistance must be such that 
it carries 4*95 amperes from the available 5 amperes, 
thus permitting only 50 milliamperes to pass through 
the milliammeter. The value of th6 resistance can 
be ascertained by Ohm's Law, thus: P.D. across points 
AB = = 1»• 

whei;e 11 is the current through the milliammeter. 
It is the current through the shunt resist¬ 

ance. 
is the resistance of the'miflianuneter^ 

y, is the resistance of the shunt 
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50 X 5 „ . _ 50 X 5 _ _L_ 
1000 yj * • • * 1000 X 4*95 'iQ-S 

The shunt resistance = 0-0505 ohms. 

p—P<^r -pdi— 

Fig. 129. 

(6) The millianuneter could be arranged to measure a 
direct voltage of 20 volts by placing a suitable resistance 
in series with it as shown in Fig. 129, so that the 
combined potential drop across the resistance and the 
instrument is 20 volts. The value of the series resist¬ 
ance can be determined in the following manner. 

Potential difference (P.D.) — I x R. 
The PD between points A and B (Fig. 129) is equal 

to pdi pdt and equals 20 volts. 
Where pdi is the drop across Ri and pit the drop 

across the nuUiammeter itself. 
Thus 20 = pd\ pdt = pdt 

= +Ir, 
The current required to give a full scale deflection 

in the millianuneter is 50 milliamperes. Thus: 
20 = 5oAi+5o_^ 

1000 1000 

Ri = 

50 Ri 4- 250 
1000 

20 X 1000 — 250 

20 X 1000 = 50 jf?x 4- 250 

- 395 
50 50 

The value of the required series resistance is 395 
ohms. 

The resistance of the moving-coil system of a 
combined ammeter and voltmeter is 10 ohms, and 
a fall-sccde deflection is obtained when a carrent 
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of 10 milUamperes passes through the coil. Calcu^ 
late the value of the resistance which would be 
required, in each case, to make the fulUscale read¬ 
ings represent: (a)2*S volts, and(b)SO milUamperes, 
state how each resistance should be connected. 

Case {a) The resistance should be placed in series 
with the moving-coil system, and should be such that 
the voltage drop across the combination equals 2-5 
volts. 

Thus / X (i? + r) = 2*5. 

X (i? + r) = 2*5 
1000 V ' / ^ 

Where R is the series 
resistance. 

r is the resist¬ 
ance of the 
moving coil 
system. 

a 2-5.x,iooo 
10 

250 

/. R = 250 — 10 -= 240 ohms. 

If the meter is to be used as an ammeter, with a full 
scale deflection of 50 milliamperes a suitable parallel 
or shimt resistance must be placed with the moving 
system such that 40 milliamperes pass through the 
shunt and 10 milliamperes through the moving system. 
Now the P.D. across any parallel combination is the 
same as the P.D. across any one of the resistors. 

Bearing this in mind: 
PD = Ir 

= O-OI X 10 
= 0-1 volts. 

This is also the PD across the shunt resistance R 
0-1 = I X R 
o-x = 0-04 X R 

and R — =2-5 ohms. 
0-04 

Ans. (a) Series resistance of 240 ohms required. 
(b) Shunt resistance of 2-5 ohms required. 
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Explain with~the aid of a simple diagram how a 
moving- coil instrument is enabled to read resistance 
values directly. 

Fig. 130 gives a simple diagram of an “ ohmmeter,” a 
moving-coil instrument capable of measuring resistance 
values direct. The instrument incorporates a primary 
battery (usually 1-5 volts for resistance measurement 
up to, say, 100,000 ohms. The voltage of the battery 
must be increased if resistances above this value are 
to be measiured acciirately. A standard resistance R, 

CONNECTIONS OF AN OHMMETER 

Fig. 130. 

has a value equal to the mid-scale reading of the instru¬ 
ment and a shunt resistance S is wired in parallel with 
the moving coil to provide a means of zero setting the 
instrument before making a resistance measurement. 
This feature is necessary to compensate for voltage 
variations of the battery with age. Zero setting is 
achieved by short circuiting the terminals x and adjust¬ 
ing S to obtain a full-scale deflection. 

With terminals x short-circuited the current flowing 

/ = jjj- .. . (i) Remove the short circuit and connect 
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the resistance « to be measiired. The ctirrent flowing 
E 

under the conditions is J == ... (2) from (i) 

E = I xR, and from (2) E = Ii {R, + x). 
The voltage of the battery E has remained constant 

throughout so 
A {Rt + ^) = I Rs 

and i?, + a: = 

-*•(/.-0 
from which it will be seen that the result depends 
upon R, (which is fixed) and the ratio of the two 
currents. 

As the actual values of current are therefore imma¬ 
terial it is allowable to use the variable shunt, as 
described for bringing the needle initially to full 
deflection (zero on the resistance scale) whatevOT the 
voltage may be. The second deflection with the resist¬ 
ance to be measured in circuit, is then a measure of its 
resistance. Some multi-range ohmmeters are capable 
of measuring resistances up to 2 megohms, in this case 
a 16-volt battery is usually used. 

Sketch and describe the action of a simple type 
of Electrostatic Voltmeter, State fo)r what pur¬ 
pose this particular instrument is suitable. Men¬ 
tion the merits of this type of voltmeter. 

The electrostatic voltmeter is specially designed to 
measure high A.C. or D.C. voltages or potentials such 
as often occur between the plates of a condenser. 
The instrument consists of a munber of fixed and mov¬ 
able plates. In its simplest form the instrument 
consists of two plates A and B (see Fig. 131) joined to 
a terminal Ti. .A shaped vane C connected to terminal 
r, is pivoted at its centre and rotates between the 
plates A 'and B. Attached to C is a pointer P which 
moves across the graduated scale, and at its other end 
a hoofc' (A) on which can be himg a weight. 
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If a voltage is applied to 
terminals Ti, T* a couple 
is set up which causes the 
movable vane to enter the 
space between the fixed 
vanes so as to increase the 
capacity of the condenser. 
The couple, which is bal¬ 
anced by the gravity effect 
of the weight on the hook 
(A), is proportional to the 
square of the applied poten¬ 
tial difference, with the result 
The electrostatic voltmeter 
that the scale is non-linear, 
has two merits. The first is 
that it does not draw a current from whatever potential 
difference is being measured, since its impedance is 
capacitive. The other advantage of the instrument is 
that it can be used equally well for A.C. or D.C. 
measurements, since its deflection is proportional to 
the square of the voltage which is always a positive 
quantity. In this respect it is similar to the moving- 
iron ammeter. When the instrument is used with a 
suitable multiplier there is practically no upper limit to 
the voltage which may be measured. 

Enumerate the requirements of a good valve 
voltmeter. 

The requirements of a good valve voltmeter are: 
(1) Accuracy. 

(а) The deflection must be independent of fre¬ 
quency within the range of the instrument. 

(б) The . deflection must be independent of wave¬ 
shape unless discrimination between wave¬ 
forms is specifically desired, as in peak and 
mean voltmeters, 

(2) As nearly as possible infinite input impedance. 
{3) Simplicity in handling the instrument. 
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(4) Adequate protective devices in case a voltage 
above the range of the instrument is acci¬ 
dentally applied. 

(5) The instrument should be robust. 
(6) The instrument should be easily portable. 

Give a circuit diagram and explain the action 
of a valve voltmeter. 

How could the range of the instrument be 
increased? 

A circuit diagram of a valve voltmeter capable of 
measuring radio-frequency voltages across components 
carrying a direct current is shown in Fig. 132. 

The R.F. voltage to be measured is applied across 
points A and B; the condenser (C) prevents any direct 
current reaching the grid of the valve but offers a 
negligible impedance to radio-frequency currents. 

The valve is made to work on the bottom bend of its 
anode current grid volts curve (Point X in Fig. 133 by 
adjusting the grid bias voltage by means of a potentio¬ 
meter (P). 

The small steady anode current flowing through 
meter M with no H.F. input is balanced out by means 
of a battery and adjustable bridge arrangement {Y). 

A radio-frequency voltage impressed on the grid 
causes an increase of anode current, as shown in Fig. 
132. This change in anode current is shown on meter 
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M which can be calibrated 
to read directly the H.F. 
volts applied to the grid. 

The voltage range could 
be increased by means of a 
potentiometer, connected 
as shown in Fig. 134. The 
radio - frequency voltages 
to be measured are applied 
across X and Y, the valve voltmeter being applied 
across A and B. The position of the tapping A will 
be determined by the relative amplitudes of the R.F. 
voltage and that which the valve voltmeter is capable 
of measuring, thus if the applied radio-frequency 
voltage is twice that giving a full-scale deflection of the 
valve voltmeter the point A should be a centre tap on 
the resistance R. The voltage drop across will be 
IRi (/ being the crurent flowing through the potentio¬ 
meter) which in this case is IRI2 since Ri = i?/2. 
The voltage drop across R is /i?, the voltages across 
XY and AB will therefore be in the proportion of 
2 to I and any reading on the valve voltmeter will 
have to be multiplied by 2 to obtain the actual voltage 
applied across XY. Other multiplying factors can 
be obtained by tapping off resistance R at suitable 
points. 

Sketch and describe the action of the Megger. 
For what purpose is this instrument used. 

The megger consists of a direct current generator, 
hand or motor driven and fitted with a slipping clutch, 
and a moving double-coil instrument contained in a 
single case. The general arrangement is shown in 
Fig. 135. 

The current coil moves in the uniform magnetic field 
in the spaces between the fixed soft iron core and the 
pole pieces, and a current passing through it, tends to 
turn it in a clockwise direction. A current through the 
pressure coil (which is mechanically attached to the 
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Comp§ns^mg Cotl 

Fig- 135- 

ciurent coil) urges it in the opposite direction with a 
force proportional to the E.M.F. and to the distance 
through which the coil is turned. The position which 
the pair of coils takes up depends upon the ratio exist¬ 
ing between E and I, i.e. upon the resistance of the 
circuit, and the pointer attached to the coils moves 
over a scale marked in ohms. 

The megger is particularly suitable for measuring 
resistors having values above 10,000 ohms. It is also 
used for measuring the insulation resistahce of com¬ 
ponents such as condensers, coils, transformers, etc. 

Sketch and describe the action of a simple 
resonance type of wavemeter. What precautions 
should he taken to ensure accuracy? 

Fig. 136 shows one simple form of resonance wave- 
meter. It consists of an inductance coil and condensers, 
a contact rectifier and headphones. Alternatively the 
rectifier and headphones can be replaced by a radio- 
frequency milliammeter or other suitable device. To 
obtain the wavelength of a transmitting station the 
yraivemeter is tuned to resonance by means of the 
inductance and variable condenser. Resonance is 
indicated by maximum sound in the headphones or 
maximum current flowing when a radio-frequency 
milliammeter is used as the detector. Loose coupling 
between the wavemeter and the transmitter is essenti3 
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Fig. 136. 

for accurate results. Furthermore, the wavemeter 
inductance coil should be kept well clear of all metal 
work. The instrument can be made to cover a wide 
range of wavelengths by utilising interchangeable 
inductance coils, or by the “switching-in'' of an ad¬ 
ditional condenser as shown in Fig. 136. 

Explain how, with the aid of a resonance wave^ 
meter, a buzzer and an inductance coil the capaci¬ 
tances of two condensers can be compared. 

One of the two condensers, Ci, is connected in parallel 
with the inductance coil L to form an oscillatory circuit, 
and an oscillation is set up in this by the buzzer. The 
wavemeter is then loosely coupled to the tuned circuit 
LCx and the wavelength Aj of the oscillation measured. 
The condenser Ci is then replaced by the second con¬ 
denser and the wavelength A, of the tuned circuit 
again ascertained by means of the wavemeter. 

From the standard formula A = 1885 it will 
be seen this A varies as VC. 

Then A, : A, ^/c^ • VCl. 

and Cx = C. 
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Fig. 137. 

Describe the construction of an electrostatically 
deflected cathode ray tube. Explain how the light 
spot is obtained and how it may be caused to traverse 
the screen vertically and horizontally. 

Fig. 138 shows the main constructional features of a 
modern cathode ray tube of the electron-deflected type. 
The electrodes are enclosed in the neck of a highly 
evacuated glass envelope, the inside of the circular 
end being coated with fluorescent material to form the 
screen. Electrode connections are brought through 
the end of the glass neck and secured in a pinch; the 
tube is generally fitted with a multi-pin base to facili¬ 
tate external connections. 

The electron beam is produced in exactly the same 
way as the electron stream of a thermionic valve by a 
directly or indirectly heated cathode (C). Surround¬ 
ing the cathode is a metallic cylinder, the negative or 
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Wehnelt cylinder, which is maintained at a negative 
potential with respect to the cathode, concentrating the 
electron beam. The cross section of the beam is also 
reduced by the mask fitted into the end of the cylinder. 
The negative cylinder of the tube illustrated (Ar.C.),also 
serves as the electrode for controlling the intensity of 
the electron beam (and thus the brightness of the light 
spot) although a separate auxiliary modulating elec¬ 
trode, or grid, is frequently introduced. This facihty 
of modulating the electron beam is utilised in tele¬ 
vision reception to convert the vision receiver output 
into a replica of the original televised scene. 

The electron beam leaving the hole in the mask of 
the Wehnelt cylinder enters the first anode {Ax) via 
a second mask, this and a further mask again limit the 
area of the beam. The anode is raised to a fairly high 
positive potential with respect to the cathode and 
accelerates the electron stream until it forms a high 
velocity beam, the velocity being maintained by the 
influence of the second anode (^2) connected to a very 
high positive potential. The high-velocity electron 
beam streaming through the second anode strikes the 
screen on the end of the tube and the fluorescent 
material emits light. The size of the light spot depends 
on the cross sectional area of the electron beam and 
its brightness on the intensity and velocity of the 
electrons. A cathode ray tube operating as described 
above would produce a light spot in the centre of the- 
circular screen, but it is possible to deflect the spot 
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into any position. Between the two anodes are fitted 
two sets of deflecting plates in mutually perpendicular 
planes along the electron stream, the plates are shown 
as (Xi). (X2). (Yi) and (Y2). 

The electron beam may be considered as an inertialess 
wire carrying current and will thus be deflected by an 
electrostatic field. If (Yi) is made positive with 
respect to .di, the beam be deflected vertically 
upwards and if negative, vertically downwards. The 
deflection will be increased by connecting opposite 

Fig. 139. 

potentials to (Yi) and (Y2), with respect to (Ai). 
Similarly, deflection of the beam horizontally to the 
left or right may be accomphshed by apphcation of 
the deflecting potentials to the X plates. In each case 
the extent of the deflection will be-directly propor¬ 
tional to the magnitude of the deflecting potentials. 
The process of beam deflection is illustrated in Fig. 139. 

How may a cathode ray tube he utilised to 
examine the waveform of alternating potentials? 
Explain the function and operation of the Time Base 
circuit. 

As described previously, the light spot produced by 
the electron beam of the cathode ray tube may be 
deflected into any position on the screen by application 
of suitable potentials to the deflector plates. 
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Suppose an alternating potential be applied between 
plates Yi and Yz, The light spot will trace out a 
vertical line whose length will be directly proportional 
to the peak positive and negative values. This display 
will convey no information about the waveform of 
the alternating potential. If the light spot is to trace 
out the waveform of the e.m.f. being examined, with 
respect to time, it must be moved horizontally across 
the screen, with time. This horizontal motion is 
effected by applying a further potential between plates 
Xx and Xz. This potential, known as the time-base, 
has an adjustable frequency to permit examination of 
potentials at various frequencies. To obtain a clear 
display, the ratio of time-base frequency to the fre¬ 
quency of the potential under examination should be 
an exact multiple, a ratio of i : i resulting in the 
display of a single cycle. 

The standard form of time-base provides a slow 
forward movement and a very rapid backward move¬ 
ment or "'fly back,'' i.e. the output of the time-base 
circuit will possess a ''saw tooth" waveform. 

Although the electron stream of the cathode ray 
tube is continuous, the extreme rapidity with which 
the "fly back" occurs prevents any perceptible effect 
on the display, except in cases where the time-base 
frequency is very high and the "fly back" time is 
comparable withthe time taken for the forward motion. 
Under such condi¬ 
tions the " fly back " 
may be observed as 
a faint horizontal 
line. 

A t3rpical time- 
base circuit suitable 
for use with an 
oscilloscope is 
shown in Fig. 140. 

The time-base is 
obtained by charg¬ 
ing a condenser (C) , Fic. 140. 
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at a constant current through a high resistance (R), 
so that the potential across (C) increases linearly with 
time. The rate at which the potential rises will depend 
on the values of (C) and (R) (i.e. their time constant), 
and by making them both adjustable the time-base 
frequency will also be variable. To ensure that the 
potential rise across (C) is linear, it is usual to employ 
an H.T. voltage at least ten times the peak potential 
developed across (C), looo volts being desirable. 

Across (C) is connected a gas-filled triode (F) which 
passes no anode current until the anode potential, with 
respect to the cathode, reaches a critical value deter¬ 
mined by the grid bias, when the anode resistance 
drops to a very low value. The potential across (C) 

Fig. 141. 

will thus rise comparatively slowly until the critical 
value is reached, when (C) will be rapidly discharged, 
the valve become non-conducting once more, and a 
fresh cycle commence. As the discharge is controlled 
by the grid bias, the latter should be derived from a 
constant source, usually a separate power unit or 
battery. 

The comparatively long charging time provides the 
slow scanning movement of the electron beam and the 
very short discharge time the rapid ''fly back.'' 

The "saw tooth'' waveform of the time-base circuit 
output is shown in Fig. 141, 
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CHAPTER XI 

RADIO INTERFERENCE AND ITS 
SUPPRESSION 

Write a short essay on Radio Interference, 

Radio interference is the term usually applied to the 
many undesirable clicks, thumps, and whines, etc., 
produced by sources external from a wireless receiver, 
which frequently mar reception on broadcast wave¬ 
lengths. 

Radio Interference may .be sub-divided into two 
main categories, (a) Static interference; (b) Man-made 
interference. 

Static interference, or as it is more commonly known, 
''atmospherics,'" is due to electrical disturbances of 
the atmosphere, most prevalent during periods of 
thundery weather, and during electrical storms. 

Static interference is caused by lightning discharges 
between earth and cloud or cloud and cloud, and as 
the discharges only have a duration of a few milli¬ 
seconds, they may be considered to consist of an 
infinite number of sinusoidal waves, the disturbance 
affecting reception over a very wide wavelength range. 
For this reason it is impossible to “tune out" atmo¬ 
spheric interference from a broadcast receiver. 

The energy released by a lightning discharge is 
colossal and the electro-magnetic radiation produced 
may affect wireless receivers hundreds of miles distant 
from the source. 

Static interference is most troublesome on the longer 
wavelengths (low frequencies), but gradually decreases 
with a rise in frequency until at very high frequencies 
i.e. ultra-short wavelengths, the effect is practically 
negligible. 

Man-made interference is the general term applied to 
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all unwanted radio frequency disturbances produced 
by the operation of electrical plant. The most common 
sources of disturbances are: 

{a) Ignition systems of motor vehicles and aero¬ 
planes. 

(b) Domestic and industrial electrical apparatus. 
(c) X-ray, Ultra-violet ray and diathermy equip¬ 

ment. 
Man-made interference may reach a radio receiver, 

either via the supply mains in the case of a mains- 
operated receiver or via the aerial and earth system, 
the latter affecting both battery and mains operated 
t3rpes. 

Propagation of the interference is in the first instance 
by conduction through the supply mains, and in the 
second either by direct radiation or by re-radiation 
from a conductor, i.e. power or telephone lines, metallic 
objects, etc. 

Man-made interference may affect transmissions on 
any wavelength between 5 and 2,000 metres, although 
disturbances caused by ignition systems and high- 
frequency apparatus are more pronounced at the higher 
frequencies. 

Interference due to motor-cars and buses is normally 
only troublesome up to a range of several hundred 
yards, but at the other extreme, diathermy and X-ray 
apparatus has been known to affect receivers hundreds 
of miles distant. 

How may atmospheric interference with broad¬ 
cast reception be minimised? 

The wave-form of atmospheric interference set up by 
lightning discharge is made up of a very large number 
of sine waves, thus the static interference will affect 
the whole of the broadcast waveband. . 

The obvious method of minimising the effect of 
static interference on a broadtast receiver is by reducing 
the acceptance frequency band-width of the timed 
circuits to the limit compatible with the desired quality 
of reception. 
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In the case of wireless equipment designed specific¬ 
ally for the reception of telegraph transmissions, the 
acceptance bandwidth of the tuned circuits may be 
reduced to between 50 and 100 cycles per second 
without appreciably affecting the received signal. 

A highly selective receiver of this type will be affected 
only by comparatively local lightning discharges, when 
the interference voltage reaching the detector is suffi¬ 
ciently large to materially affect the output. 

As the successful reception of broadcast transmis¬ 
sions, more especially of music, requires the accept¬ 
ance of a bandwidth of some 16 kilocycles (16,000 
c.p.s.) it is impossible to reduce the '*band pass" of 
a broadcast receiver very far below these limits without 
perceptibly impairing the quality of reproduction. 

It will be appreciated that the interference voltage 
injected into a receiver having an acceptance band¬ 
width of some 16 kc/s. will be comparatively high 
even when the source of disturbance is remote from the 
receiver. 

One method of minimising atmospheric interference 
at broadcast frequencies is by utilising a diredtional 
receiving aerial, and preferably a directional transmit¬ 
ting aerial in addition. Some improvement may be 
observed by using a simple rotating frame aerial for 
reception, but the most noticeable improvement is 
obtained on point-to-point radio links employing 
specially designed directional aerial arrays for trans¬ 
mission and reception. 

A recent coirunercial development in the reduction 
of static interference has been a special form of auto¬ 
matic volume control. The high amplitude of the 
signal produced in the receiver by static disturbance is 
eraployed to produce a cut-off bias on the grid of one 
of the audio-frequency amplifiers. 

Since the audio-frequency amplifier is biased to 
cut off, both the interference and the desired signal 
are suppressed for a period depending upon the dura¬ 
tion of the static, but as this is extremely short the 
apparent continuity of the programme is unaffected. 
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Operation of a mains-driven wireless receiver 
installed in a steel framed building has been ren^ 
dered impossible by man-made interference. 

Describe simple tests to determine the nature of 
the interference. 

The radio interference reaching the receiver may be 
one, or a combination, of the following types : 

{a) Directly radiated interference. 
(6) Re-radiated interference. 
(c) Mains-borne interference. 

Before entering into details of tests necessary to 
typify the interference, let us first consider the con¬ 
ditions under which interference propagated by each 
of the above means, will reach the receiver. 

Interference reaching the receiver by direct radiation 
is introduced via the aerial or earth system, the ether 
providing the conducting medium. 

Re-radiated interference also enters the receiver by 
way of the aerial or earth, but the ether does not form 
the entire conducting path from the source. Radio¬ 
frequency waves radiated by the offending electrical 
equipment may be conducted by telephone wires, 
power wires, or even steelwork used in construction 
of buildings to a point in close proximity to the aerial 
and earth system of the affected receiver, where re¬ 
radiation takes place. 

In a fairly large proportion of cases affecting mains^ 
operated receivers, the interfering radio frequencies 
reach the receiver via the supply mains, the disturbing 
apparatus injecting radio-frequency current into the 
mains. 

Returning to the receiver in question. To prove 
that the interference is of either type or {h) discon¬ 
nect aerial and earth in turn, disappearance of the 

* disturbance indicating that interference is being 
introduced. 

If interference persists with both aerial and earth 
disconnected and receiver moved as far as possible* 
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from any metallic objects it is almost certain that 
interference of type (c) is causing the trouble. 

Differentiation between types (a) and (6) is slightly 
more difficult. After proving whether the aerial or 
earth is introducing the interference, erect an alterna¬ 
tive temporary aerial or earth whichever is concerned, 
preferably one whic^h can be readily moved about. 

By making tests with the temporary aerial or earth 
in various positions it should be possible to determine 
whether the interference is being caused by direct radia¬ 
tion or by re-radiation from a nearby metallic object. 

It is desired to erect a reasonably simple aerial 
system to cover a wave-range of 200-2000 metres 
which will be as free from man-made interference 
as possible. 

Describe a suitable aerial. 
What precautions may be taken to reduce the 

possibility of damage to receiving apparatus by 
natural electrical discharges. 

The majority of man-made interference introduced 
into a wireless receiver by the aerial is picked up by 
the down lead thus to eliminate this source of dis¬ 
turbance the down lead should be screened. To 
improve the efficiency of an arrangement of this type, 
matching transformers are fitted at the junction of 
the down lead with the aerial and at the receiver. 

The horizontal portion of the aerial should be erected 
as high as possible, 30 feet is sufficient, and have a 
length of from 25 to 50 feet. 

The further away from buildings the horizontal 
portion is erected the less is the likelihood of inter¬ 
ference being picked up from electricity supply wiring. 

The wire used for the horizontal member should be 
multiple stranded copper either bare or insidated with 
weatherproof material. Toughened glass insulators 
should be employed for suspension as these maintain 
a high degree of insulation even when coated with 
soot, etc. 
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The earth connection is also of supreme importance. 
The best earth obtainable is a cold-water pipe pro¬ 
vided connection is made on the street side of stop-taps 
and storage tanks. Failing this an esu'th connection 
should be obtained by bur5dng a copper or galvanised 
iron plate having an area of some 3 to 5 square feet 
at a depth of several feet in damp soil. 

In dry ground it is advisable to install a pipe so that 
the soil round the plate may be moistened. 

The earth lead should be as direct as practicable. 
Fig. 142 illustrates the arrangements. 

There are two methods of minimising the possibilities 
of damage to receiver equipment by lightning discharge. 
They are: 

(1) The provision of a spark gap between the aerial 
and earth which will by-pass potentials set 
up in the aerial by static discharges. 

(2) If reception is not required during thimder- 
storms, the aerial should be disconnected 
from the receiver and connected directly 
to earth by means of a suitable switch 
installed outside the building. 

When using simple aerial systems the spark gap, 
normally of the open type is fitted outside the building 
at the point of entry. 
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The aerial system illustrated in Fig. 142 incorporates 
an enclosed spark gap connected as shown. In this 
position the spark gap affords protection for the aerial 
transformers in addition to the receiver. 

It should be understood that no protector is com¬ 
pletely ‘'lightning proof' as a discharge in the imme¬ 
diate vicinity of an aerial is liable to destroy or severely 
damage both aerial and protector and on occasions 
the receiver too. 

What method of suppression should be adopted 
to eliminate man-made interference propagated: 

(а) By direct radiation. 
(б) By re-radiation. 
(c) Via the supply mains. 

Man-made interference whatever the means of 
propagation, should, if at all possible, be suppressed at 
the source. 

Suppression is achieved by fitting specially designed 
radio-frequency filters to the interfering apparatus. 

Radiation interference of types {a) and (b) is sup¬ 
pressed by connecting a radio-frequency acceptor 
network across the motor brushes, contactor, etc., 
giving rise to the disturbance. 

To prevent injection of interference into the supply 
mains, a radio-frequency rejector network is con¬ 
nected in the supply lead as near as possible to the 
equipment. 

If for any reason it is not possible to effect suppres¬ 
sion of the radio interference at the source, steps can 
be taken to minimise the trouble at the receiver as 
follows: 

Radiated interference of types (a) and (b) can be 
reduced by utilising an aerial with screened down lead 
as described in previous question. 

Mains borne interference may be eliminated by 
insertion of a radio-frequency rejector network as near 
as possible to the receiver, in the mains supply lead. 
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Electrical equipment in a large machine shop is 
suspected of producing radio interference^ 

How, by means of simple apparatus, may the 
source of the trouble be localised? Include a 
brief description of suitable equipment. 

Before any tests are carried out in the machine shop 
where the suspected apparatus is installed, an inven¬ 
tory of all equipment prone to produce radio-inter¬ 
ference should be prepared. 

Items such as electric fans, dust extractors, vacuum 
cleaners, etc., should not be overlooked. 

Interference other than that caused by motor 
starters, etc., may be localised whilst the machinery 
is in operation, thus testing apparatus which can be 
used without interfering in any way with the machine 
under test is to be preferred. 

Suitable testing equipment consists of a reasonably 
sensitive battery-operated portable receiver incor¬ 
porating headphone output, and a test coil which 
replaces the normal internal frame aerial. The test 
coil operates as a loop aerial and by moving it into the 
vicinity of the suspected apparatus any radio-frequency 
radiation is picked up, producing audio-frequency 
disturbance in the telephones. 

The receiver may be of the straight'' or super¬ 
heterodyne type, and may cover only medium and 
long wavelengths, although inclusion of a third, short 
waveband, is extremely useful for comparing inter¬ 
ference over a wide wave range. 

This comparison of the magnitude of interference at 
widely varying frequencies greatly simplifies the design 
of suitable suppressors. 

Tests for interference in the machine shop should be 
carried out systematically, each machine in the 
inventory being checked and the results recorded. 

When every item has been tested the test results 
will indicate where the trouble lies, and suitable sup¬ 
pression action should be taken. 

Interference ^t up by motor starters presents 
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slightly more difficulty, and to test each starter, the 
associated machine must be stopped, the test coil of 
the detector held in close proximity to the starter and 
the starter operated. 

Several tests may be necessary before a definite 
decision can be made. 

It has been found that medical diathermy appar¬ 
atus produces a particularly virulent form of radio 
interference. 

What precautions should be taken when con¬ 
structing a new diathermy theatre? 

A modern hospital diathermy equipment, when in 
operation, causes a radio-frequency current of several 
amps to flow through the patient. 

The radio interference set up by the apparatus and 
its human antenna will, by direct and indirect radia¬ 
tion, affect wireless receivers considerable distances 
away. 

The only effective method of eliminating the inter¬ 
ference is to accommodate the entire apparatus, patient 
and attendants in a completely electrostatically screened 
room or cubicle. For the screening to be in the least 
satisfactory, every square inch of walls, ceiling and 
floor, including all windows and doors must receive 
very careful attention. 

The methods of screening adopted when constructing 
a new theatre are different in several respects from those 
which would be used to screen an existing room. For 
the purpose of this answer the former methods only 
will be described. 

The walls and ceiling may be effectively screened by 
incorporating close-meshed wire-netting in the plaster, 
great care being taken to bond the wire at joints and 
corners. 

Linoleum-covered wooden floors may be screened by 
laying metal foil between the boards and the linoleum, 
whilst concrete floors may be dealt with by including 
a layer of close-meshed wire-netting in the concrete. 
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Both methods rely on very careful bonding for success. 
Windows are frequently screened by utilising glass 

into which fine wire-netting has been introduced, 
the wire being brought out at the edges to permit 
connection to earth. Plain glass windows may be 
screened by erecting shutters of earthed fine wire¬ 
netting. 

Doors need very special attention. They may be 
constructed entirely of metal or of wood lined with 
metal foil on the inside. They must be extremely 
well fitting, and should be bonded to the wall screening, 
at the hinge side by flexible conductors and the latch 
side by suitable contacts. 

The most important point is that all screening must 
be carefuUy bonded together and connected to earth. 
Several different earthing points are to be preferred. 

Screening will prevent direct radiation from the 
diathermy apparatus, but interfering radio frequencies 
might be conducted away from the theatre by the supply 
mains, electric Ught wiring, telephone wiring, bell and 
alarm circuits, etc., and then re-radiated from some 
other point. To guard against this eventuality, suit¬ 
able rejector filters should be fitted at the points of 
entry of all these services. 

■\\men all screening and earthing has "been completed 
all filters fitted and the diathermy apparatus installed 
tests should be carried out with a portable all-wave 
receiver to prove the effectiveness of . the precautions 
taken. 

Only on conclusion of successful tests should the 
theatre be brought into service. 

Define the term filter, and hence enumerate the 
eharacteriatica of tour types of filter with which 
you are acquainted. 

A filter is an electrical network so designed that the 
ratio of received current to sent cmxent is as nearly 
as possible tmity over a certain range of frequencies 
and negligibly low at other frequencies. 
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(1) Low Pass Filter, 
A filter so designed that the ratio of received current 

to sent current is as nearly as possible unity below a 
certain frequency and negligibly low above that 
frequency. 

(2) High Pass Filter, 
A filter so designed that the ratio of received current 

to sent current is as nearly as possible unity above a 
certain frequency and negligibly low below that 
frequency. 

(3) Band Pass Filter, 
A filter so designed that the ratio of received current 

to sent current is as nearly as possible unity over a 
certain range of frequency and negligibly low above 
and below that range. 

(4) Band Rejection Filter, 
A filter so designed that the ratio of received current 

to sent current is as nearly as possible unity over 
and above a certain range of frequency and negligibly 
low over that range. 

Drcav a diagram of the arrangement of con- 
densers and inductances for: 

(a) A low pass filter. 
(b) A high pass filter. 
(c) A hand pass filter. 

What points would you consider important in 
the choice of condensers and inductances for an 
audio^ frequency filter if a sharp cut-off is required? 

Figs. 143 {a) (h) and (c) show the arrangement of con¬ 
densers and inductances for the three types of filter. 

The most important points to consider when choos¬ 
ing the components are: 

Condensers, High insulation resistance between 
plates and between plates and casing. Condensers 
having mica insulation would be very suitable owing to 
their stability with temperature and age. The specified 
capacity values should be correct within close limits. 
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Fig. 143. 

Inductances. Their ^ ratio should be high. The 

specified values should be correct within close limits. 

Describe the construction of suitable filters for 
the suppression of radio interference as follows: 

(a) Suppression of frcwtional H.P* stngle^phase 
motor. 

(b) Suppression of lift contactor. 
(c) Suppression at receiver, of mains-borne 

interference. 

The filters usually found to be satisfactory for the 
suppression of interference set up by fractional H.P. 
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Fig. 144. 

A.C. motors as used in vacuum cleaners, hair dryers 
and similar apparatus, are of the condenser type. 
In commercial form the filters are designed as self- 
contained units for connection in the flexible power 
lead as near as possible to the appliance, thus prevent¬ 
ing radio frequency radiation from the lead. 

The suppressors are constructed for two-wire and 
three-wire appliances, connections as shown in Fig. 
144 (a). 

(6) The elimination of radio interference caused by 
lift contactors is generally achieved by installation of 
a multiple suppressor in the contactor wiring, at a 
point as near as possible to the contacts. 

The suppressor comprises of sufficient inductive 
filters to suppress all contactors of the lift controller. 

Connections between suppressor and contactors 
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should be of lead-covered cable or run in conduit, an 
additional guard against radiation. 

Fig. 144 (6) illustrates one contactor filter. 
The suppressor fitted in the mains lead of a wireless 

receiver to prevent entry of mains-borne interference 
is a composite filter designed to be effective over the 
whole operating range of the receiver, 200-2000 metres 
for a normal broadcast receiver, 10-2000 metres fora 
receiver covering the short wave-bands. 

The filter components are frequently contained in a 
small moulded case intended for mounting beside the 
receiver power point. A socket and plug is incorpor¬ 
ated to permit connection of the suppressor by plug¬ 
ging the receiver mains lead into the unit and the plug 
associated with the suppressor into the power point. 
It is common practice to include low rated fuses in 
the unit to prevent damage to the filter components 
and receiver by accidental overload. 

Connection of the filter components is shown in 
Fig. 144 (c). 

No values have been quoted for the components 
used in the filters described above since these are 
determined by the frequency band over which inter¬ 
ference is being experienced. 
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CHAPTER XII 

MISCELLANEOUS (SPEECH ON LIGHT, 

AIRCRAFT LANDING) 

Write a stage->by^8tage commentary on the con¬ 
version of sounds produced in a broadcasting studio 
into a modulated electromagnetic wave. {Assum¬ 
ing the use of a moving-coil microphone.) 

(a) The sounds produced in the broadcasting studio, 
voices, music, etc., consist of complex sound waves 
which impinge on the imcrophone diaphragm. The 
microphone consists of a very light diaphragm, 
attached to a light wire coil suspended in the intense 
annular magnetic field of a powerful permanent or 
electro-magnet. 

(b) The action of the sound waves on the dia¬ 
phragm is to cause the speech-coil to vibrate in unison 
with the waves. 

(c) The movements of the speech coil in the magnetic 
field produces very small currents in the coil which 
vary directly in magnitude and frequency with the 
soimd waves producing them. 

(d) These speech currents are amplified by means of 
high-quality amplifiers and are conveyed by high 
quality land lines (music circuits), to the transmitter 
site. 

(e) At the transmitter (which consists of a source of 
radio-frequency current or carrier current, a modulator 
and high-power radio frequency amplifiers), the 
amplified speech currents are imposed on the carrier 
current by means of the modulator. 

(/) The transmitting aerial is energised by a modu¬ 
lated radio-frequency . current and radiates electro¬ 
magnetic waves^modidated in accordance with the sound 
waves reaching the studio microphone. 
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Write a etage-by-stage commentary on the con¬ 
version of a modulated electromagnetic wave into 
sound. 

Assuming the use of a transformer coupled 
1-V-I T.R.F. receiver and moving-coil loudspeaker. 

(a) The electromagnetic wave reaches the receiver 
aerial which is tuned to accept the carrier wave and 
the sidebands carrying the intelligence. 

(b) The electromagnetic waves produce very small, 
varying radio frequency currents in the receiver aerial 
circuit. 

(c) These flow through the primary winding of a 
tuned radio-frequency transformer, the secondary 
winding of which applies a varying radio-frequency 
voltage to the grid of the fadio-frequency amplifier. 
An amplified radio-frequency voltage is produced in 
the anode circuit of the valve. 

(d) The amplified radio-frequency voltage is rectified 
by the detector valve, rectification separating the audio¬ 
frequency component from the radio-frequency carrier 
wave. Alternatively this process may be termed 
“demodulation”. 

(d) The audio-frequency component of the detector 
output passes through the primary winding of an audio¬ 
frequency transformer, the radio-frequency component 
being by-passed by a small fixed condenser. 

(/) The output of the audio-transformer applies a 
varying audio-frequency potential to the grid of the 
audio-frequency amplifier, the anode current of the 
valve varying in accordance with the modulation 
impressed on the received electromagnetic wave, 
which in turn corresponds to the output of the broad¬ 
casting studio microphone. • 

(g) The output from the audio-frequency amplifier 
passes through the speech-coil of the moving-coil 
loudspeaker, usually via a matching transformer. 
The action of the varying magnetic field set up by the 
audio-frequency currents flowing through the speech- 
coil, upon the intense magnetic field between the pole 
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pieces of the loudspeaker magnet, produces movements 
of the diaphragm or cone. These movements set up 
sound waves which correspond almost exactly to 
those reaching the microphone in the broadcasting 
studio. 

Discuss the choice of wavelengths for the main^ 
tenance of a world^wide radio-^telephone network 
from Great Britain* 

The choice of wavelength for the maintenance of 
each link of a world-wide radio-telephone network from 
this country, is dependent on the geographical position 
of the country it serves. 

Services between this country and European stations 
can be satisfactorily set up on wavelengths in the 
medium-wave commercial band. Transmission over 
these hnks is not liable to suffer daylight/darkness 
and seasonal variations as the ground wave only is 
utilised. 

Satisfactory links between this country and more 
distant stations are usually confined to the short-wave 
bands, i.e. between 12 and 100 metres. 

As transmission between these wavelength limits is 
subject to daylight/darkness and seasonal variations 
in the stratospheric reflecting layers, it is necessary 
to allocate several wavelengths to each link, the one 
least affected by prevaihng conditions being used. 

Daylight/darkness and seasonal variations in short¬ 
wave transmission are caused by changes in the angle 
of reflection of electromagnetic waves reaching the 
ionised stratospheric layers. The change of angle 
results in the reflected wave reaching the earth's 
surface in a different geographical position, thus the 
field strength of the signal received at a particular 
station, will vary. 

The actual choice of wavelength for radio-telephone 
services to particular countries have been determined 
by practical tests over a number of years. A few of 
these results are indicated below: 
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(a) America 13; 18; 24; 34 metres. 
(b) Canada 18; 24; 34; 44; 70 metres. 
(c) South Africa 15; 20; 34; 40 metres. 
Id) Egypt 20; 30; 44 metres. 
(e) Australia 27; 32 metres. 

A reliable 24-hour service between Great Britain 
and (a), (b), (c) and is readily achieved, but services 
to Australia and similarly situated countries are often 
interrupted for considerable periods by severe adverse 
conditions. 

Explain without diagrams one radio method by 
which an aircraft can land safely in foggy weather. 

One method, " the lorenz landing sj^tem ”, employs 
two transmitters each of which transmits a narrow 
beam of signals. These two beams are made to over¬ 
lap a few degrees along the safest line of approach 
to the aerodrome. One transmitter sends dots and 
the other dashes and transmission is so arranged that 
the dots fit between the dashes. A pilot approaching 
the aerodrome along the safest line of approach there¬ 
fore hears a continuous note in his headphones, i.e. 
dots plus dashes, whereas if he is off this path he will 
receive dots or dashes and will then know which 
direction to bear in order to obtain the correct path. 
The pilot need not necessarily rely upon his ears for 
guidance. There is a visual indicator on his instru¬ 
ment panel, which tells him he has to steer left or 
right to gain the correct landing path. About two 
miles out from the aerodrome, and directly on the 
correct landing line, is another transmitter sending out 
a vertical wireless beam, with an intermittent signal 
qf a low note. On hearing this the pilot knows he has 
two more miles to travel and begins to gUde in at such 
a rate that he will only be about 100 ft. up when he 
crosses the aerodrome boundary. At this height the 
pilot can usually see the ground and thus make a 
normal landing. If, however, it is im^ssible to see 
the ground the plane can be guided in on a radio 
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beam which curves up from the aerodrome. An indi¬ 
cator on his instrument panel shows him if he is above 
or below this beam. 

Outline briefly without sketches one ** speech on 
light ** system of communication with which you 
are acquainted and mention the limitations of 
such a system. 

One form of ''speech on light'' communication con¬ 
sists of a transmitting station and receiving station 
within visual distance of one another, the transmitting 
station projecting a beam of light on to the receiving 
apparatus at the receiving station. The light source 
at the transmitting station is of constant intensity 
and the speech waves are caused to modulate the out¬ 
going beam of light. The modulated beam is sharply 
focussed on to the receiving apparatus which incorpor¬ 
ates a photo-electric cell and amplifiers. The photo¬ 
electric cell detects the changes in light intensity and 
converts them to changes in electrical pressure. These 
electric current variations are fed through amplifiers 
to the loudspeaker or headphones where they are 
converted to speech currents. The limitations of any 
speech on light system are: 

(1) The distance over which communication can 
be effected is limited (generally within 
visual distance only). 

(2) Transmission is seriously affected by adverse 
weather conditions, such as fog and rayi. 

(3) All speech on light systems lack secrecy. 
(4) For night operation, the transmitter and 

receiver must be either lined up on the 
previous day—or else at night by showing a 
red light at the receiver. 

With reference to (2) above, the use of infra-red light 
as the medium has been foimd to penetrate fog and 
rain to a marked degree. 

245 



246 

F
ig

. 
14

5.
 

[B
y
 c

o
u
rt

e
sy

 o
f 

“
 E

le
c
tr

o
n

ic
 
E

n
g
in

e
e
ri

n
g
.'

 



Draw circuit diagram of a combined trane- 
mitter-receiver unit suitable for speech on light. 

- Fig. 145 shows the required circuit diagram. 
Separate amplifiers are used for transmitting and 

receiving, high gain directly heated pentodes being 
used. Incoming light variations are converted to 
changes of electric potential by the photo-cell and 
these are amplified by the one-stage photo-cell ampli¬ 
fier. The output is then fed to the main receiving 
amplifier which consists of two valves in cascade; 
resistance capacity coupled, and the last valve, triode 
connected to secure a low impedance for the head¬ 
phones. The transmitting amplifier normally uses 
but one valve, triode connected. This is fed by the 
microphone, and the anode is parallel fed by a low 
frequency choke, the anode load being the armature 
coils of the modulator. The action of the modulator 
has been discussed on page 248. 

With the circuit shown the change-over from trans¬ 
mitting to receiving is achieved by means of the send- 
receive switch. 

Describe the ** speech on light transmitting ap-^ 
paratus referred to in the previous question, 
paying special attention to the modulating device. 

The transmission system consists of a constant 
intensity lamp behind which is placed a mirror. This 
reflects light striking it to the lens Lu which focusses 
the light on the modulator unit. The beam of light 
is partially reflected at two points on the large prism, 
Fig. 146 and then passes to the transmitting lens which 
focusses the beam of light on the distant receiving 
station. The modulator is best understood by refer¬ 
ence to Fig. 146. The beam of light after passing 
through the lens ii, strikes the hypotenuse side of the 
large prism. Here, the light beam is reversed by two 
internal reflections of the prism. The other angles 
of the prism are not quite 45°, so that 4t the point of 
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Fig. 146. 
{By courtesy of *'Elcctrontc Engmeeringf*) 

first reflection the mean angle of incidence is approxi¬ 
mately the critical angle for glass and air media. 
Partial reflection and refraction therefore takes place. 
The area at which this first reflection takes place is a 
small rectangle the surrounding glass being blackened. 
The armature consists of a flat metal strip, pivoted at 
its centre, with the ends located closely between the 
pole pieces of the armature coils. The action of the 
coils on the ends of the strip is such that one end is 
attracted and the other repelled. 

Attached to the centre of the armature is a small right- 
angled prism with one of its sides in contact with the 
small rectangle of the large prism. The speech cur¬ 
rents passing through the armature coils therefore 
causes the degree pressure to vary between the small 
moving prism on the armature and the rectangle of 
the large prism. . This change of pressure between the 
two surfaces causes an alteration in the degree of 
reflection at this surface of the transmitted beam of 
light. Thus the beam of light is caused to vary in 
intensity in direct relation to incoming speech currents 
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flowing in the armature coils, i.e. the light beam is 
modulated in accordance with speech. 

Von heme decided to start your own business as a 
Radio Engineer, and a room at the back of the shop 
is to become your Laboratory for repairs. Assum¬ 
ing that you had adequate finance, list the equip¬ 
ment and fittings that you would instal to carry 
out the repair work. 

Fittings. 
(i) The room should first be screened as a protection 

against radio and other interference. 
(2^ A strong bench along one wall, preferably in front 

of wmdows, to utilise natural light whenever possible. 
(3) A portable lighting set associated with the bench. 
(4! Electric soldering iron installation. 
(5J Suitable filing cabinet for accommodating various 

receiver data. 
(6) High grade interference free aerial and earth 

system. 
(7) Adequate power points complete with multi¬ 

adapters. 

Equipment. 
(1) A sub-standard variable frequency oscillator. 
(2) A first grade multi-range universal testing instru¬ 

ment such as universal Avometer or Radio lab. 
(3) A Wavemeter or frequency measuring set. 
(4) A valve tester such as the universal Avo valve 

tester. 
(5) A Wee megger-tester for high-resistance measure¬ 

ment. 
(6) A large stock of various type valves. 
(7) A pair of headphones. 
(8) A Comparison Receiver. 
(9) A Multi-range Valve Voltmeter for use in cir- 

cumstai^es when it is inadvisable to use a Universal 
measuring instrument. 

(to) Portable cathode ray oscilloscope; essential for 
linmg up superheterodyne receivers. 
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CHAPTER XIII 

RADIO-COMMUNICATION 
EXPERIMENTS 

Expt. I. 
ExPT. 2. 

Expt. 3. 

Expt. 4. 

Expt. 5. 

Expt. 6. 

Expt. 7. 
Expt. 8, 
Expt. 9. 
Expt. 10. 
Expt. ii. 

Expt. 12. 
Expt. 13. 

Expt. 14. 
Expt. 15. 
Expt. 16. 

Expt. 17. 

Expt. 18. 

KEY TO EXPERIMENTS 

The Characteristics of a Diode Valve. 
Plotting the Mutual Characteristic of a 
Three-Electrode Valve. 
Plotting the Anode-Current Anode-Voltage 
Curve of a Three-Electrode Valve. 
Plotting the Anode-Current Anode-Voltage 
Curve of a Screen Grid Valve. 
Plotting the Screen Current Anode-Voltage 
Curve of a Screen Grid Valve. 
To Determine the Characteristics of a 
Diode Valve with Various Load Resis¬ 
tances. 
To Obtain Valve Amplification Factor. 
Measuring the Impedance of a Valve. 
Plotting the Load Line of a Valve. 
Characteristics of a Copper Oxide Rectifier. 
To Check the Characteristics of a Voltage 
Stabilising Valve. 
Characteristics of a Thermal Delay Switch. 
To Determine the Characteristics of a 
Barreter. 
To Find Voltage Ratio of a Transformer, 
Mains Transformer Efficiency. 
To Determine the Gain and Stage Ampli¬ 
fication of an Amplifier. 
Measuring the Effective Resistance of an 
Inductance Coil at Hi^h Frequencies. 
Demonstrating the Variation of Impedance 
and Power Factor qf a Capacitive Circuit 
vith Current Flow. ^ 
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Expt. 19. Determining the Value of an Unknown 
Resistance (Substitution Method). 

Expt. 20. Determining the Condition of a Cell or 
High-tension Battery. 

Expt. 21. Measuring the Power Factor of a Con¬ 
denser. 

Expt. 22. Measmement of Mutual Inductance of a 
CoU. 

Expt. 1. To plot the characteristics of a diode 
valve. 

Apparatus Required. 

A valve holder and valve, a high-tension battery, a 
potentiometer, a voltmeter to determine the high- 
tension voltage, a milliammeter to measure the anode 
current, and a lament battery, ammeter and variable 
resistance. 

Procedure to Adopt. 

The apparatus should be connected as shown in Fig. 
147. Adjust the filament resistance i?/and obtain the 
correct filament current; record this in Table i. Next 

MILLIAMMETER 

LT 
Fig. 147. 
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note ,the current flowing in the ammeter, with a fairly 
low anode H.T. voltage applied, record these in Table i. 
Keeping the filament current constant, raise the high- 
tension voltage H.T. in definite steps, noting these 
together with the corresponding anode current read¬ 
ings in Table i. From the table of results plot a graph 

TABLE I. 

Filament 
Current 

Anode 
Voltage 

Anode * 
Current 

and if the valve is satisfactory it should have the form 
of the curve shown in Fig. 148. Repeat the above pro¬ 
cedure using different filament currents. The shape 
of the curve should remain the same but saturation 
point should be reached at a lower value. 

Note.—^The voltmeter must be connected to the 
battery side of the milliammeter, so tW the latter is 
hot affected by the voltmeter current. Fig. 149 shows in 
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MILUlAMMCTEftl 

FILAMENT 
RESISTANCE 

L.T SATTEftY 

Fig. 149. 

Eractice the actual wiring arrangement, and should 
elp students who are setting up a circuit of this nature 

(or the first time. This t3^e of arrangement will not, 
however, be illustrated in subsequent experiments.. 

Expt, 2. To plot the mutual characteristics of a 
triode valve. 

Apparatus Required. 
A grid bias battery and grid potentiometer, a volt¬ 

meter to measure the grid voltage Vg, a filament battery 
consisting of secondary cells, a filament rheostat, a 
high-tension battery H.T., together with an associated 
potentiometer, a voltmeter to measure the anode 
potential and a first grade milliammeter to measure the 
anode current flow, also a valve holder and suitable 
valve. 

Procedure to Adopt. 
The apparatus should be connected as shown in 

Fig. 150. The H.T. voltage should be adjusted to the 
stated H.T. working voltage of the valve. The g^d 
bias potentiometer is adjusted so that a! negative 
potential of three volts is applied to the grid electrode 
of the valve, and the correct voltage applied to the 
filament terminals. The anode current as indicated by 
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the milliammeter should be recorded in Table 2, 
together with grid and anode voltages. This com¬ 
pleted, the grid bias potentiometer should be adjusted 
so that the potential on the grid (as read by Vg) is 
increased by one volt, i.e. from —3 volt to —2 volt. 
The H.T. voltage is maintained constant and the new 
current flowing as shown by the milliammeter. 

The ^id bias voltage should again-be increased one 
volt, this time to •—i volt and the current flowing in 
the milliammeter recorded. This procedure should be 

TABLE 2. 
FILAMENT VOLTS = 2 

Anode * 
Voltage 

Grid Bias 
Voltage 

Anode 
Current 

100 VoOj -3 0-37 ra As 

-2 0-52 - 
- -! 1*5 . - 

0 2-3 - 
- 1 40 « 
*• 2 5 5 - 

- 3 M - 
• 4 ^•7 - 

repeated with zero potential, then + i, + 2, + 3i + 4 
volts, etc., applied to the grid electrode. The type of 
mutual characteristic curve obtained should be similar 
in shape to that shown in Fig. 151. The graph should be 
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-4 3 2 1 0 1 2 3 4 
-Vg lORID VOLTS +Vg 

Fig. 151. 

drawn with grid voltage as the abscissa and anode cur 
rent as the ordinate. The mutual conductance of the 
valve is then obtained from the slope of the curve. 

,, , , j ^ Change in anode current 
Mutual conductance = ^-u—2—mr-— 

Change in i volt of grid bias 
This reading should be taken at the straight line part 

of the curve, i.e. between points A and B in Fig. 151 
With Fg = 2 volts + /a = 5*5 ma. 
With Fg = I volt + la = 4*0 „ 

Difference of i volt gives 1-5 ma. difference in anode 
current. 

Mutual conductance = 1*5 milliamperes per volt 
{mAjv). 

Conclusions, 
The anode current is small when the grid voltage is 

negative and high when the grid voltage is positive. 
Small positive changes of grid voltage produce corres¬ 
ponding large variations in anode current. 

ExpU 3* To determine the anode voltagelanode 
current characteristic of a three^electrode valve* 

Apparatus Required, 
The same apparatus as required for Experiment 2. 

Procedure to Adopt, 
The apparatus should be arranged as shown in Fig. 150, 
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The grid potentiometer should be adjusted to produce 
a desired grid voltage and this should then remain 
constant for the remainder of the test. With the H.T. 
potentiometer adjusted so that the anode voltage is 

TABLE 3. 

Anode 
Current 

Anode 
voltage 

Grid 
Voltage 

0 0 

3 S mA 5u 0 

« 0 - 15 

.A 0 • too •• 

small, say 30 volts, the current flowing in the milliam- 
meter is recorded in Table 3 as shown. The anode 
voltage should then be increased to 40 volts, and then 
50, and 60 volts, etc., by the adjustment of PT and at 
each stage the anode current should ne noted in Table 3. 
A curve with anode voltage as the abscissa and anode 
current as the ordinate should then be plotted, and a 
curve obtained similar to Fig. 152 if the valve is 
satisfactory. 

Comparing this experiment with No. 2 it will be seen 
that in Experiment 2 small changes of grid voltage 

Fig. 152, 



cause large changes in anode current, but to produce 
equal changes of anode current in this experiment the 
change of anode current voltage is considerable. It 
will be noticed that the curve tends to flatten out as 
•the voltage rises, this indicates an approach to the 
maximmn electron current which the filament can emit. 
The experiment should then be repeated using a differ¬ 
ent grid voltage, say — 2 volts. 

Conclusions. 
With a high negative grid voltage, it will be found 

that the anode voltage must be considerably higher to 
obtain the same value of anode current compared with 
a curve using a slightly lower negative grid voltage. 

. Expt. 4. To determine the anode voltagelanode 
current characteristic of a screened grid valve. 

The screened grid valve has an additional grid elec¬ 
trode as shown in Fig. 153, the grid nearest the anode 
plate is known as the screen grid and the lower grid the 
control grid. The effect of the screen grid on the anode 
voltage/anode current characteristic will be plain 
when comparing the curve in Fig. 155 with the curve 
in Fig. 152, Experiment 3. 

Apparatus Required. 
Four voltmeters, a grid potentiometer and a filament 

resistance, a high-tension battery and a low-tension 
battery, a filament ammeter, a milliammeter to measure 
the anode current, a valve holder and suitable valve. 

Procedure to Adopt. 
The apparatus should be coimected as shown in 

Fig. 154. The screen lead should be plugged in the 
high-tension battery at about 80 volts say, and kept 
constant, the filament voltage and current should be 
adjusted to the desired value by the filament resistance. 
Make the grid potential -|- r volt by adjusting the grid 
potentiometer. Next vary the anode voltage in steps 
of 6 volts up to 20 volts, and with each mesh ano^ 
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TABLE 4. 

f \ Anode Plate 
jmmtmmmmm SCREEN GRfD 

Control Grid 
/ Filament 

Fig. 153. 

voltage reading, check the anode current flowing in the 
millianmieter. Record the readings in Table 4. 

Grid 
Voltage 

ScreenGrid 
Voltage 

Anode 
Voltage 

Anode 
Current mA 

Using the results obtained plot a graph using anode 
voltage as the abscissa and anode current as the 
ordinate; the curve should appear similar in shape to 
that shown in Fig. 155 if the valve is satisfactory. 

Repeat the experiment using different control grid 
voltages and also different screen grid voltages. 

TAe Reason for the Introduction of the Screen Grid, 
When triode valves are used in radio-frequency ampli- 

f3dng stages the amplifier is liable to burst into self 
oscillation due to retro-action through stray capaci¬ 
tances between anode and grid circuits and in par¬ 
ticular through the capacitance existing between the 
anode and grid themselves. This effect is eliminated 
by interposing a screen or further grid between the 
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4 

ANODE VOLTS 
Fig. 155. 

anode and the control grid and applying a fixed D.C. 
potential to it. The function of the screen grid, there¬ 
fore, is to ehminate the grid anode capacitance of the 
valve. 

Conclusions. 
At first the electrons are attracted to the screen grid 

and remain there, none flowing on to the anode because 
of its low potential. As the anode potential is in¬ 
creased, however, a few electrons commence to reach 
the anode causing a current to flow. It will be seen 
from Fig. 155 that at this stage the current commences 
to rise steeply with each increase in anode voltage. 
As the anode potential is increased still further, the 
electrons hitting the anode will cause secopdary emis¬ 
sion, i.e. will release further electrons which, since 
the screen grid is positive to the anode, will be attracted 
back to the screen. The anode current will, therefore, 
decrease once more until the anode potential becomes 
almost equal to that on the screen. When the anode 
potential exceeds the screen potential electrons emitted 
from the anode due to secondary emission will not 
be attracted to the screen, but will return to the anode. 
Thus the current will rise once more. 

Note.—^The working part of the characteristic is 
that between the points A and B. 
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Expt. S. To determine the screen carrentlanode 
voltage curve of a screen grid valve. Comparison 
of screen current with anode current for the same 
change in anode volts. 

Apparatus Required. 
The same apparatus as Experiment 4. 

Procedure to Adopt. 
Coimect the apparatus as shown in Fig. 154, with the 

exception of the mUliammeter which should be taken 
from the anode lead and connected ipto the screen 
lead to the H.T. battery. As in the previous experi¬ 
ment the grid bias should be adjusted to give -f i volt, 
with screen volts 80, and zero anode volts. 

Note the current flowing in the miUiammeter con¬ 
nected in the screen lead and record this in Table 5. 
Proceed as in Experiment 4 to vary the anode voltage 

TABLE 5. 

AN00£ 
Voltage 

Screen 
Current 

Screen 
Voltage 

in definite stages from zero to 120 volts, and read the 
screen cmrent at each stage. These values should be 
recorded in Table 5 and a graph drawn with anode 
voltage as the abscissa and screen current as the 
ordinate. This curve should appear similar to that 
shown in Fig. 156. Now reconstruct on the same 
graph the anode current/anode voltage curve as shown 
in Fig. 155 and compare the two curves. 
Conclusions. 

The two curves have exactly opposite shapes. When 
the anode current is a maximum the screen current « 
a miniTnnm, and when the screm current is a maxi¬ 
mum ano^ current is a minimmn. One ris%, 

260 



Fig. 156. 

the other falls at the commencement, then at roughly 
17 volts the rising anode current turns and commences 
to drop, whereas the falling screen cmrent turns and 
commences to rise again. This is due to secondary 
emission. As the anode voltage nears the fixed screen 
voltage the anode current curve again turns and com¬ 
mences to rise whereas the cmrve of the screen cmrent 
turns and drops. Both curves cut the 8o-volt line at 
approximately the same point, i.e. 17 miUiamperes. 

The screen current continues to fail and the anode 
current to rise. Let us study the screen current/anode 
voltage curve separately. It wiU be seen that when 
the anode voltage is zero the screen current is a maxi¬ 
mum. This is because there is no electron flow 
between the screen and the anode plate, so that all the 
electrons emitted from the filament via the grid are 
collected on the screen electrode. As the anode 
potential increases, however, some of the electrons are 
attracted to the anode electrode to the detriment of 
the screen current, with the result that the screen 
current commences to drop. Subsequent increases’ in 
ano^o potenti^ cause a fairly rapid reduction in the 
sdreen current, and the commencement of a rapid 
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flow of electrons through the screen to the anode plate. 
This flow becomes too rapid at a point where the anode 
voltage is about 17 volts, with the result that a large 
proportion of the emitted electrons faU from the anode 
plate and are attracted back to the screen which is at 
a higher potential. The screen current consequently 
commences to rise again, and continues to do so until 
the anode potential reaches about 60 volts. At this 
point the curve again turns; the screen current com¬ 
mencing to fall. With each subsequent increase of 
anode voltage the screen current drops towards zero. 

Expt. 6. To determine the characteristic of a 
diode valve with various load resistances. 

The d3mamic characteristic curves are by far the 
most important as they give a true picture of the valve 
tmder working conditions. If you look at any wireless 
valve circuit you will see that inserted in the lead from 
the anode electrode to the H.T. battery is a resistance, 
usually of several thousand ohms. This resistance is 
called the anode load resistance or impedance. In Figs. 
150 and 154 this resistance was omitted and the curves 
obtained therefore do not represent the true working 
curves of the valve. They are called Static curves. 

Apparatus Required. 
A high-tension and low-tension battery, a potentio¬ 

meter, a filament ammeter, an anode milliammeter, 
two voltmeters, a valve holder and valve, a filament 
resistance, connecting wire, a variable high resistance 
and a short-circuiting key. 

Experimental Procedure. 
The apparatus should be connected as shown in Fig. 

157, and an anode current/anode voltage static curve 
obtained with the anode load resistance R short- 
circuited by closing the key K. The anode voltage and 
current values should be recorded in Table 6a and a 
curve plotted. The key should then be released and 
the anode load resistance adjusted to 5,000 S3. A 

262 



second series of anode voltage/anode current values 
should be tabulated—Table 6b—and from the results 
obtained a curve B plotted. The anode load resistance 
should then be altered to ten thousand ohms and a 
third series of anode current values obtained, Table 6c. 
From the figures obtained draw a third curve (C), Fig. 
158. 
Conclusions. 

It will be noticed that the slope of the anode current 
curve decreases as the anode load resistance increases. 
The curves can be checked in the following manner. 
Looking at Fig. 157, it will be seen that with the key K 
short circuiting the anode load resistance J?, the anode 

TABLE 6a. 

ANODE ' 
VOLTAGE 

ANODE 
CURRENT 

0 O'mK 

20 1 

40 3 7 •• 

.60 50 - 

%o 5 25- 

100 5?8“ 

STATIC flGURES 

TABLE 6b. 

ANODE 
VOLTAGE 

anode 
CURRENT 

0 

1
 

0
 

20 076 

40 2 

60 36 

HO 4 65 

too 52 

(b) ANODE tOAO ^.000A 
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TABLE 6c. 

ANODE 
VOLTAGE 

anode 
CURRENT 

0 mA 

20 0-55 

40 15 

60 ^51 

EO 56 

100 4 6 

(c)anoo€ load K>JD00A 



voltage Va will be equal to the high-tension voltage 
Fht, but when K is released there will be a voltage 
drop across the resistance R equal to IR, Where I is 
the anode current flowing and R is the value of the 
anode load resistance. Take a point x on the curve A, 
Fig. 158, such that the current at this point is i milli- 
ampere and the anode voltage 20, if a load resistance 
5,000 ohms is inserted in the circuit there will be a 

voltage drop across this resistance, equal to x 

5,000 = 5 volts. Thus the voltage at the anode plate 
will drop to 20~5 = 15 volts. If, therefore, we wish to 
maintain an anode current flow of i mA., the H.T. 
yoltage must be increased 5 volts, i.e. from 20 to 25 
Volts. For confirmation look at curve B Where t!he 
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anode voltage is 25 volts and yon will see that the 
anode current is i mA. 

ExpU 7. To plot the dynamic characteristic of a 
triode voice and obtain its amplification* 

Consider a circuit where a triode valve has a resist¬ 
ance in series with its anode. This produces a drop 
in anode volts proportional to the anode current in a 
similar way to the diode case explained in Experiment 
6. The relation between the change in grid voltage 
and the change in anode current is then no longer the 
static characteristic for constant anode volts as shown 
in Experiment 2, but will be a line of less slope cutting 
across the static curves. 
Apparatus Required, 

A triode valve and valve holder, a grid bias battery 
and potentiometer, a high-tension battery and poten¬ 
tiometer, an anode current milliammeter, three volt¬ 
meters for the grid, H.T. and anode voltages, a variable 
known high resistance and a short-circuiting key. 

Experimental Procedure. 
The apparatus should be connected as shown in Fig. 

159, and a family of mutual characteristic curves. Fig. 
160, plotted as shown in Experiment 2. For this part 
of the*experiment the key K should short circuit the 
anode load resistance R. This completed, adjust the 
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anode voltage to 130 volts, make R equal to 20,000 
ohms and adjust the negative grid bias until no current 
flows in the milliammeter. When the grid bias is 
sufficiently negative to prevent the flow of anode 
cmrent, the potential of the anode with respect to the 
filament or cathode will be the same as that of the H.T. 
battery which is 130 volts (since there is no IR drop) 
and the conditions will be represented on the family of 
mutual characteristics by the point {A). Next adjust 
the grid bias voltage until a current of 0-5 mA. flows 
in the milliammeter. The voltage drop across the 

RADIO 

anode load resistance R equals —5- x 20,000 = 10 

volts, and the new conditions will be represented by the 
point {B) on the 120-volt characteristic where la = 
0'5 mA., and Vg = i-g volts. Now adjust the grid 
bias so that the anode current flowing is i-o mA. The 
voltage drop across the load will then be 20 volts 
(20,000 X O'ooi) and the new conditions are repre¬ 
sented by a point (C) on the no volt characteristic 
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TABLE 7. 

GRID 
BIAS 

FIXED ANODE VOLTS j 

130 VOLTS 120 VOLTS 110 VOLTS 100 VOLTS 
ta 
0mA 

\<JL 
0mA 

la 

-3 - 0-5- 0- 0 - — 

-2 - 10- ^ 0-5- 0 - — 

-1 - 1-5 • 1-0-. 0-5- 0 
0 • 20- 1-5- 10- OS 

1 - 2*5- 20- (•5- 10 

2 • 3*0- 2-5- 20 • 1-5 

3 - 30- 2-6- 2-0 

with the grid bias at zero potential. The line joining 
the succession of points ABC is known as the dynamic 
characteristic corresponding to the external load of 
20,000 ohms. It is nearly straight except for a small 
portion at the extreme end near (^). The experi¬ 
ment should be repeated using various anode load 
resistances, and various dynamic characteristics ob¬ 
tained. 

Conclusions, 
As the value of the anode load resistance is increased 

the anode voltage Va will decrease and hence the slope 
of the dynamic characteristic will become less. After 
a careful study of Fig. 160 the student will observe that 
to produce an anode current change of, say 0*5 mA., a 
change of grid potential of 1-9 volts is necessary, e.g. 
from zero to — 1-9. This will produce a voltage 
variation of 10 volts across R, The point to remember 
(about this fimction) is that when a resistance is con¬ 
nected in the anode circuit, thie change in anode current 
causes a variation in voltage across this anode load 
resistance which will be a magnified version of the 
change in grid voltage. In other words there is ampli¬ 
fication and the valve acts as an amplifier. 
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Expt. 8. To obtain the A.C. resietanee or imped¬ 
ance of a wireless valve. 

Apparatus Required. 
The same apparatus is required for this experiment 

as in Experiment 7. 

Experimental Procedure. 
With, the apparatus connected as shown in Fig. 159 a 

family of mutual characteristic curves should be 
plotted similar to those in Fig. 160. Then the A.C. 
resistance of a valve represents the resistance expressed 
in ohms which the anode circuit offers to a small 
increase of anode voltage. From Fig. 160 curves A, B 
and C represent such changes, with an anode potential 
of 130 volts and zero grid potential, the anode current 
equals 2 mA., when, however, the anode voltage is 
reduced to 120 volts with the same grid condition, zero, 
the anode current will be 1-5 mA. 

Therefore, the ratio of the change in anode volts to the 
change in anode current in amperes gives the A.C. 
resistance of a valve. Thus: 

A.C. resistance (m) 

or = 
Wa 
hla 

Change in anode volts 
Change in anode current 

T .. , 130 — 120 10,000 „ , 
Insertmg our values - -— = ■ = 20,oOo 

2 ^‘5 0’5 
1000 

Thus the A.C. resistance of the valve is 20,000 ohms. 
Conclusions. 

The student will no doubt notice the similarity 
between the above formula and the D.C. resistance 
formula: 

This should provide an easy method of remembering 
the correct formula. They are not the same, however, 
and it is to be noted that changes of anode current and 
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voltage are referred to, not actual values of voltage and 
current. 

The Avodaptor 

It may be necessary in practice to test a valve under 
normal working conditions, i.e. in the radio set or 
amplifier, etc., of which it forms a part. Tests, then, 
are not quite so easy as those outlined in Experiments 
I to 8, especially from an accessibility point of view. 
For tests cmder normal working conditions an “Avo- 
daptor ” should be used; this instrument overcomes in¬ 
accessibility. 

The instrument consists of a valve-holder, the con¬ 
nections to the sockets of which may be interrupted 
by a rotary switch, thus allowing a current meter to be 
inserted in certain feeds without alteration to the 
exterior wiring. The switch has seven clearly defined 
positions, each of which is made jwsitive by the 
ratchet action of the contacts. To tlus testing holder 
is attached a flexible cable, the other end of which 
terminates in a plug, and, as the terminals on the testing 
base are directly connected to the pins of this plug, 
voltages applied to the various electrodes of the valve 
under test may be measured without interfering with 
the wiring of the radio receiver, etc., in any way. The 
plug of the instrument is convertible for either 4- or 
5-pin valves, and two small contact studs on the side 
of the plug are connected via terminals on the testing 
base to an Avocoupler which facilitates the testing of 
7- or 9-pin valves. This instrument is made by the 
Automatic Coil Winder & Electrical Equipment Co., 
Ltd., London. 

A few words before we pass on to the more intricate 
experiments. As you no doubt know the wireless 
signals received are of an oscillatory natiue and-this 
alternating potential is applied to the grid which has a 
fixed grid bias potential on it. The result is that the 
md voltage is varied; for example, if the grid has a 
fixed negative bias of — 3 volts, and an oscillatory 
poteptialof i volt is applied to it, then at one stage the 
resultant grid voltage will be—s-pise—2 volts, 
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and at the next instant the voltage will be — 3 — i ==» 
— 4 volts. Thus the grid voltage wilji vary between 
— 4 and — 2 volts. 

Voltage Amplification Factor {V.A.F.), 

The degree of amplification which the valve is capable 
of (as was shown in Experiment 7) is known as fi {mu) 
the amplification factor, and is an important valve 
constant. A change of grid voltage brought about by 
an alternating potential applied between the grid and 
cathode produces an amplified voltage variation across 
the load resistance R. It should be noted that this 
variation also takes place across the A.C. resistance ra 
of the valve. 

The voltage across the anode load resistance R will 
be proportional to the ratio of R to the total anode 

resistance which is + R, i.e. the ratio = -^—5- 
Ta + J\ 

Then if Vg and Vr represent the input 'and output 
voltages respectively, 

R 
Vr the voltage across R = /xFg x ^ 

Vr 
i^VgR' 

fa + R (I) 
The Voltage Amplification Factor [V.A.F,) is the 

ratio of output voltage to the input voltage. 

V A F — Voltage 
‘ Input Voltage 

Hence V.A.F. = Vg 

V.A.F. = vR 
Ya -{• R 

It win be seen, therefore, that when the voltage of 
the grid swing is high, that is positive, the anode current 
will be high also; thus the anode voltage will be low. 
Conversely when the voltage of the alternating poten¬ 
tial or grid swing is low, that is negative, the anode 
current will be low and the anode voltage high. 

270 



Expt. 9. To plot the ** load line of a triode 
valve. 

The voltage developed across .the anode load resist¬ 
ance has been shown to be the important factor of a 
voltage amplifier, and its value can be easily found 
with the assistance of a line drawn through a family of 
anode voltage/anode current curves. The line repre¬ 
sents the anode load resistance and its value is deter¬ 
mined by its slope. 

Apparatus .Required, 
High-tension, low-tension and grid bias batteries, a 

valve holder and a triode valve, voltmeters, an ammeter, 
a milliammeter, a potentiometer for varying the grid 
bias potential, a filament resistance, connecting wire, 
a potentiometer for H.T. variation, an anode load 
resistance and short circuiting key. 

Experimental Procedure. 
The apparatus should be connected as shown in Fig. 

i6i, and a family of anode volts anode-current curves 
plotted, i.e. with varying grid bias voltages; say from 

= 0 to Fg = — 6 volts. See Fig. 162. For this 
test the key K should short-circuit the anode load 
resistance R. The key should be released and the 
value of R ascertained, say 20,000 ohms. 

It was shown that depending on the value of the 
anode current there is a voltage drop across this 
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resistance equal to IR. Thus the voltage at the anode 
plate is the H.T. voltage less the IR drop. The H.T. 
voltage should be adjusted to a hundred volts and the 
grid bias volts so negatively biased that no anode 
current flows. With these conditions the anode 
a point A in Fig. 162. The value of anode current 
voltage is the same as the H.T. voltage, and shown by 
giving the maximum voltage drop across the anode 
load resistance should next be ascertained; this will 
be when the anode plate voltage is zero and the H.T. 

Fig. 162. 

•voltage is 100. Under these conditions IR — 100. 

I = amperes or 5mA. (point B, Fig. 162). 

Draw a straight line AB cutting the family of 
anode yoltage/anode current curves. 

AB is knovfn as the load line. 
Repeiat the experiment usmg different values of 

anode load resistance. 

Conclusions. 
The load line is a line drawn on a graph of the anode 

volts/anode current characteristics and is the locus of 
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a point representing the anode voltage for different- 
values of anode current. This load line passes through 
the point whose co-ordinates are zero anode current 
and the full anode supply voltage, and makes an angle 
with the axis whose tangent is equal to the anode 
load resistance. Being of a straight line form the slope 
of the load line can be ascertained from two points 
through which the line passes, and connecting them 
with a straight line. 

The slope of the anode load line varies according to 
the value of the anode load resistance. 

Expt. 10. To determine the characteristic curve 
of a copper oxide rectifier. 

The metal rectifier, no matter of what material con¬ 
struction, must possess one fundamental character¬ 
istic, that is, to offer a high impedance when the applied 
P.D. is in one direction and a low impedance when the 
applied P.D. is in the opposite direction. Thus the 
rectifier permits a large current to flow when the ap- 
plied.P.D. is in one direction and little or no current 
when this applied P.D. is reversed. Fig. 163 show show 
the. impedance of the rectifier varies with the applied 
P.D. 

Fp^d ImiyS^ce ^ 
Backward Impedance 

IMPepANCE 

APPUEO PO 4* 

Fig. 163. 
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one form of rectifier. The graphical way of showing a 
rectifier is shown in Fig. 164. The arrow head is the 
negative element and the bar the positive element. 
Apparatus Required. 

A battery, a potentiometer, a voltmeter, a micro¬ 
ammeter, a milliammeter, a copper oxide rectifier and 
connecting wire. 
Experimental Procedure. 

The apparatus should be connected as shown in Fig. 
165, and a series of voltage and current readings taken 
between say -f 4 volts and — 4 volts. Vl^en the 
potentiometer slide is moved from the positive to the 
negative side the milliammeter should be replaced by 

the microammeter, as the current flow is extremely 
small, the impedance of the rectifier being high. These 
voltage and current readings should be recorded and a 
graph plotted with voltage as the abscissa and current 
as the ordinate. Fig. 166 shows the shape of the curve. 
Conclusions. 

The apparatus acts as a means of rectifying an 
alternating current; it offers high impedance to nega¬ 
tive potentials and thus only permits a small current 
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Fig. i66. 

to flow, but permits a large current to flow with a 
positively applied potential. 

ExpU 11. To check the characteristics of a 
voltage stabilising valve. 

The voltage stabilising valve as its name suggests 
is a specially constructed valve whose function is to 
keep the voltage of the circuit with which it is associated 
constant, independent of the value of the current flow. 
The test applied to check the valve consists of var3dng 
the load current and ascertaining that no voltage 
variation occurs. 

Apparatus Required, 
A high voltage supply (240 volts), a potentiometer, 

two voltmeters, two milliammeters, a load resistance, 
a valve holder and a voltage stabilising valve. 

Experimental Procedure, 
The apparatus should be connected as shown in Fig. 

167, and the anode voltage adjusted to say, 190 volts. 
The load resistance should then be reduced until the 
valve operates (or strikes). The voltage reading of F* 
should be noted in Table 8. 



inA 
RCADIN6 

^ViiVRt£0 
B&TWeCN 

kdo-TomA 

LOAD 
RESIST. 
VARIED T9 
PRODUCE 30.70mA 

TABLE 8 

VOLTAGE READING 
V2 

CgRRENT FLOWING 
mA 

HO MM, 
« 40 H 

• 50 *• 

me » SO '• 

m-4 « 65 - 

70 •• 

The current flowing should then be controlled by 
adjustment of the load resistance in steps, from 30 
milliamperes to 70 milliamperes, and at each stage the 
circuit voltage Fj should be noted. This voltage 
should not vary above ± 2 volts. Plot a graph showing 

200 

52 ISO 
-j " ' o 
> 160 

(70 

STABILISED 
VOLTAGE 

., VOLTAGE 
y VARIATION 

LIMITS 

\ 
\ \ 
\ 

, i —I-J---1- 
30 40 SO 60 TO 

milliamperes 

Fig. 168. 

this variation of voltage with current as sho'wn in 
Fig, 168. 



Expt. 12. To determine the characteristics of a 
thermal delay switch valve. 

In many t3rpes of radio valve, especially some types 
of rectifier valves, it is necessary to apply the filament 
current for some seconds before applying the anode 
voltage. Thus a circuit had to be' designed so that 
connection of the power supply to the apparatus only 
energised the filaments of the rectifiers, application of 
the high tension voltage to the anodes being .delayed 
until the filaments were satisfactorily emitting. This 
condition was achieved by means of the thermal delay 
switch. The filament of this valve is wired in series with 
the filaments of the other valves in the circuit. This 
valve is so designed that when the temperature inside it 
increases beyond a certain value, contact is made be¬ 
tween the anode and grid of the valve by means of two 
metal strips expanding due to the heat. This contact is 
arranged to complete the circuit for the anode voltage 
to all the valves of the circuit. 

Two tests are applied to determine the characteristics 
of a thermal delay switch. The first is the time taken 
for the valve to strike when the correct filament 
voltage and current are applied, while the second is an 
emission test. 

Apparatus Required. 

A valve holder, a thermal delay switch, an ohm- 
meter (or universal instrument with switch to ohms), 
a filament voltage supply, two ammeters, a sto^ 
watch and a high-tension supply. 

Procedure to Adopt. 
For the time test the apparatus should be coimected 

as shown in Fig. 169 and the filament current and voltage 
adjusted to that specified for the valve. The valve 
should then be removed or switched off to permit its 
filament to cool. When the filament is cold the valve 
is replaced and the time taken for the anode of the 
valve to m^e contact with the grid noted. The 
valve is considered to be satisfactory if contact is 
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established within 20 and 90 seconds after switching 
on. When contact is established the ohnuneter wifi 
register a full-scale deflection (zero ohms). 

For the emission test the apparatus should be con¬ 
nected as shown in Fig. 170 with the anode plate dis¬ 
connected. The emission current flowing should not 

exceed 15 mA., at 150 volts H.T. Care should be 
exercised in adjusting the filament current to the cor¬ 
rect value as this is critical. 

Expt. 13. To determine the ckaracteriatica of a 
barreter. 

In a similar way to the manner in which the voltage 
stabiliser functioned in keeping the voltage of the 
circuit constant, so the barreter performs the parallel 
function of keeping the current flow constant within 
limits of applied voltage variation. 
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Apparatus Required. 
A voltage supply, a milliammeter, a barreter a.nd 

holder, a voltmeter, a potentiometer and connecting 
wire. 
Procedure to Adopt. 

The apparatus should be connected as shown in 
Fig. 171, and the voltage applied to the circuit varied 

in definite steps by the adjustment of the potentio¬ 
meter. With each voHage adjustment the current 
should be noted in Table 9, and a graph plotted with 

VOUTAGE 
Fig. 172. 

volts as the abscissa and current as the ordinate. 
Once the barreter has stabilised, the current should 
remain constant within limits. 
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TABLE 9 

APPLIED VOLTAGE CURRENT mAS 

a 67 A 
to 6^2 - 
t2 70 • 
14 70 •• 
16 10 2- 

1^ 10-% - 
20 72-5 - 

ExpU 14. To ascertain.the voltage ratio or ratio 
of transformation of a transformer. 

By far the simplest method of ascertaining the voltage 
ratio of a mains transformer is to connect the known 
primary side to the mains supply and then me^ure 
the secondary voltage with an A.C. voltmeter as shown 
in Fig. 173.' 

The voltage ratio is given by; ^ 

where Fs is the secondary voltage. 
Vp is the primary voltage. 

A more accurate method, however, is by means of a 
resistance ratioftieter, as shown in F^. 174. 
Apparatus Required. 

An A.C. supply, the transformer to be tested, a pair 
of headphones and a resistance ratiomefer. 
Procedure to Adopt. 

The apparatus should be coiuiected as shown.in 
Fig. 174. One end of the. primary winding should be 
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Fig. 174. 

connected to one end of the secondary winding and 
to one lead of the headphones. Connect the other side 
of the headphones to the sliding contact of the resist¬ 
ance ratiometer. The oscillatory supply should be 
connected to the extreme ends of the ratiometer and 
then to the free ends of the primary and secondary 
windings of the transformer. The key K should then 
be depressed and the slider of the ratiometer adjusted 
untU silence is obtained in the headphones. The 

_ y 
voltage ratio is equal to —-— 

The resistance R is usually 1,000 ohms. If, therefore, 
a baknce were obtained with r = 200, the voltage ratio 

u V 1000 — 200 4 
would be-——-= J 

200 J 

The transformer has a step-up ratio of 4 to i. 
Conclusions. 

The method outlined is known as the “no-had" 
method, i.e. no load has been given to the secondary side 
of tbe transformer. It will be found in practice that 
when a -load is applied the secondary voltage of the 
transformer does drop due to certain losses, such as 
iron and copjjer losses, etc. • 

In the fir^t te|t mentioned the error will isrobably 
T 281 



be greater if the ratio is high, in which case two differ¬ 
ent range voltmeters will be necessary. 

ExpU IS. To determine the efficiency of a mains 
transformer. 

The method described below is sufficiently accurate 
for the usual mains type transformer used in radio 
construction. 
Apparatus required. 

An A.C. voltage supply capable of supplying all the 
power required by the windings and a number of 
wattmeters. 
Procedure to Adopt, 

The apparatus should be connected as shown in Fig. 
175. The power absorbed by the primary and secondary 
should be observed by reading the wattmeters. 

The efficiency of the transformer is expressed as a 
, . , output power (watts) 

percentage, i.e. by x 100 

Fig. 175. 

The experiment should be made for several loads, say 
i. h i normal and 5/4 above normal load, and a curve 
plotted showing efficiency as a function of the secondary 
load. 
Conclusions. 

The method has two great disadvantages. 
I. The energy wasted in the test is considerable 

depending, of course, upon the size of the trans¬ 
former wmdings and the current they normally 
carry. 
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2. Accuracy depends entirely upon accurate watt¬ 
meters being used, therefore to reduce errors to 
a minimum great care must be exercised in the 
reading of the meters. 

Expt. 16, To determine the characteristics of an 
amplifier. 

To determine the characteristics of an amplifier 
three tests are usually made; 

1. To check the gain or amplification of the ampli¬ 
fier. 

2. To ascertain the variation of output over a given 
frequency range. 

3. Stage amplification. 
Apparatus Required. 

An oscillator, an attenuator, an amplifier, a two-way 
switch, a valve voltmeter, a high-resistance potentio¬ 
meter to limit the input voltage to the amplifier, and 
connecting wire. 
Procedure to Adapt. 

For the first test the apparatus should be connected 
as shown in Fig. 176. 

ATTEN UATOR AMPLIFIEA 

AUDIO 
FMOUCNCY 

Fio. 176. 
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The oscillator shoiild be switched on and the input 
yoltage to the amplifier noted by throwing the two- 
position key to A. This voltage is recorded, after 
which the switch should be thrown to position B and 
the output from the amplifier noted. 

The voltage amplification = 

The amplification is often expressed as gain in decibels 
, Output volts 

Iniiat volts 
For the second test the same circuit can be used. 

Adjust the oscillator output so that the voltmeter reads 
one volt. This voltage must be maintained at the 
input side of the oscillator throughout the test. 

Throw the switch to position B and note the output. 



The frequency of the oscillator should varied in definite 
steps of say 50 cps. from 50 cps. to 10,000 cps., and the 
output and input voltages checked with each change. 

Plot a "frequency response” curve using the output 
voltage as the ordinate and frequency as the abscissa. 
The response curve of a good amplifier should be fairly 
flat, i.e., without voltage peaks. 

As a final check of an amplifier which is apparently 
giving satbfactory results the amplification of each 
stage is measured. 

The apparatus should be connected as shown in 
Fig. 177. 

The oscillating signal should be applied between grid 
and earth of the input valve of the amplifier. Adjust 
the potentiometer until the voltmeter coimected across 
the output transformer primary reads a suitable voltage. 
Note this voltage reading, then short circuit the input 
terminals of the amplifier and apply the same oscillator 
signal to the grid of the subsequent amplifying valve. 
Again note the reading on the voltmeter. The first 
reading in volts divided by the second will give, within 
reasonable liipits, the amplification of the first ampli¬ 
fying stage. Repeat the procedure for subsequent 
stages. The measured stage amplification should 
agree, within reasonable limits, with the formula: 

Amplification per stage = ^ j 

vdiere ft is the amplification factor of the valve. 
fa is the A.C. resistance of the valve. 
z is the anode load impedance. 

Expt. 17. To measure the effective resistance of 
an inductance coil at radio frequencies. 

Appatatus Required. 
A radio-frequency oscillator, an inductwce coil, a 

thermo-couple-milliammeter, a known resistance and 
a condenser. 
Procedwre. 

The radio-frequency oscillator of the required 
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R 

Fig, 178. 

frequency is loosely coupled to a circuit consisting of 
the inductance under test, the milliammeter, the 
resistance, a key and condenser as shown in Fig. 178. 

The circuit is then tuned to resonance by varymg 
the capacitance of the condenser. The current flowing 
in the milliammeter is then noted first with resistance R 
short circuited (by depressing key K), and then with 
resistance R introduced in the circuit. 

Let /i be the current flowing with resistance short 
circuit. 

Let It be the current flowing with resistance R in 
circuit. 

And i?i be the effective resistance of the circuit. 
Then if E is the constant E.M.F. acting in the circuit 

/. - I /.R. - E 

and 11 = + I t^L = E 

IiRl — I tR -h I tE 
and IiRi, — /*i?i = 

.. Jti = j-f- 
-‘1 — ■»» 

Subtracting from this result the resistance of the 
thermo-couple heater gives the effective resistance of 
the inductance coil at the required frequency. 
Precautions. 

In order to avoid errors it is essential that the 
coupling between the oscillator and the test circuit 
be loose. 
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Expt. 18. To show how the impedance and power 
factor of a capacitive circuit vary with the current 
flowing in the circuit. 

Apparatus Required. 
An alternating current supply, a non-reactive resist¬ 

ance Rvy a condenser, an A.C. ammeter, a wattmeter and 
two A.C. voltmeters. 

Discussion. 
The power factor of the circuit is given by the ratio 

of the true watts expended to the apparent watts. 
W 

Power factor = yj ^^so the impedance of an A.C. circuit 

is given by Z = y 

Where V is the total voltage drop in the circuit. 
/ is the current flowing. 

W is the power in watts. 
VI is the apparent watts. 

Experimental Procedure. 
The apparatus should be connected as shown in Fig. 

179. By means of Rv the current flowing in the circuit 
can be adjusted to any desired value. A series of 

CHECKING THE .IMPEDANCE AND POWER 
FACTOR OF A CAPACITIVE CIRCUIT 

Fig. 179. 

current readings A, /*,/#, etc., should be obtained, and 
the power and voltages measured for each current 
reading. These should be recorded in Table 10. 
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TABLE 10 

Voltage 
V 

Current 
I 

Wattmeter 
Reading 

Power 
Factor 

W 
VI 

Impedance 

V 
I 

The ratio ^ should always lie between o and i, and 

may equal one of these limits. With current as the 
abscissae graphs should be plotted showing the varia¬ 
tion of impedance amd power factor with ciirrent 
change. These graphs should take the form shown in 
Fig. i8o. 

Fig. i8o. 

Conclusions. 
It can be deadly seen from the graph that impedance 

decreases as the current flowing in the drcuit increases. 
When the current flowing in the circuit is extremely 
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small, i.e. when the resistance Rv of the circuit is very 
large, the power factor tends towards unity, this is 
because the resistance of the circuit is large compared 
with the reactance. As the reactance increases with 
respect to the resistance the power factor drops towards 
zero. The power factor never reaches absolute zero 
as every condenser possesses a small amount of resist¬ 
ance. 

Expt. 19. To ascertcdn the^value of an unknown 
resistance by means of the substitution method. 

By Ohm's law it is proved that the current flowing in 
E 

a circTiit I = — where E is the electro-n^otive force and 
Rt 

Rr is the total resistance of the circuit. If, therefore, 
we place a standard ammeter in the circuit containing 
the unknown resistance Rx and note the current in 
the circuit and then substitute the unknown resistance 
by a standard variable re^tance Rv and adjust the 
latter so that the current in the circuit is the same as 
previously, then the two resistances must be equal. 
Rv is known, hence we know the value of Rx. 

Apparatus Required for the Experiment. 
A battery of very low internal resistance such as a 

secondary cell, a two-position switch, the tmknown 
resistance Rx and the standard known variable resist¬ 
ance Rv, a first grade or standard ammeter and con¬ 
necting wire. 

Experimental Procedure. 
The apparatus should be coimected as shown in Fig. 

i8i. 
With the key connected to position A, the current 

flowing in the ammeter should be recorded /j. This 
completed the key should be thrown to position B and 
the standard variable resistance adjusted until the 
current flowing in the circuit is equal to /j. Under 
these conditions Rx equals Rv, the value o£ the latter 
being ascertained frofii the reading of the dials. 
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Mlllammeter 

5a1t2ry 

MEASURING A RESISTANCE BY THE 

SUBSTITUTION METHOD 
Fig. i8i. 

Conclusions. 
The accuracy of the experiment depends upon three 

things. 
1. The accuracy of the ammeter, and the accuracy 

to which it can be read. 
2. The accuracy and fineness of adjustment of the 

variable resistance. 
3. The internal resistance of the battery must be 

low compared with the resistance being measured, 
ai at least have a constant value. 

Expt. 20. To ascertain the conditim of a cell or 
primary battery. 

The two main disadvantages of primary cells or 
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batteries are that they suffer from polarisation and 
local action. For example, place a voltmeter across the 
terminals of a battery, and from the voltage reading 
obtained you may be led to beheve the cell is satis¬ 
factory, but give it some work to do, and you may find 
that the voltage of the cell quickly drops. This is 
probably due to one of the troubles mentioned above, 
nearly always polarisation. This experiment shows a 
simple check which may be given to a cell to ascertain 
its condition. 

Apparatus Required. 
The battery or cell to be tested, a first grade volt¬ 

meter, a 2-ohm resistance, two keys Ki, Kt, and con¬ 
necting wire. 

Experimental Procedure. 
The apparatus should be connected as shown in Fig. 

182. Depress the key and note the open circuit 
voltage Fi. Now depress the key and immediately 

ASCERTAINING THE CONDITION OF A CELL 

Fig. 182. 

note the voltage F,. Keep both ke5rs depressed for 
one minute at the end of which take a thard voltage 
reading Fg. These three voltage readings give an 
accurate picture of the condition of the cell or battery. 
If the third voltage reading is lower than i volt, the 
cell is unfit for further use. 

Note.—^If the battery consists of a number of cells 
connected in series, 2 ohms resistance should be added 
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to R for each cell so connected, and the final voltage 
reading should not be less than i volt per cell. 
Conclusions. 

This method of testing the conditions of cells or 
batteries is adopted universally as being the easiest 
and most reliable method. 

Expt. 21, To measure the power factor of a 
condenser. 

The power factor of a condenser can be likened to the 
effect of a small resistance placed in series with the 
condenser or a large resistance connected in paralleL 
Power factor (Cos 6) is equal to atCR, where C is the 
capacity in farads and R is the loss resistance. Power 
factor IS also given by the ratio of the true power 
divided by the apparent power. 
Apparatus Required. 

A standard condenser of known capacity C and 
negligible power, factor, a low (standard non-inductive) 
variable resistance (r), the condenser whose power factor 
is to be measured [K), two non-inductive ratio arms 
P^,. headphones and an oscillator. 

JProudure to be Adopted. 
The apparatus should be connected as shown in Fig. 

183. With an unbalanced bridge a tone is heard in the 
headphones. By adjustment of the standard con¬ 
denser C, and the resistance r, balance of the bridge is 
obtained, at which point the tone in the headphones is 
a minimum. When the balance is obtained the 
impedance of the condenser K is proportional to that 
of the adjustable arm containing the standard con¬ 
denser C and resistance r. 

With equal ratio arms the known capacity C is equal 
to the capadty of the unknown capacity K; and the 
power factor Cos 0, is given by toCr. 
Discussion. 

The phase difference and hence the power factor, 
depends largely on the'materials used in the make up 
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600 eps 

MEASURING THE POWER FACTOR OF A 
CONDENSER 

Fig. 183. 

of a condenser, and particularly, in the case of paper 
condensers, on the dryness of the paper. An average 
paper condenser has a phase angle difference of about 
10 minutes, or a power factor of 0 -0027. The efficiency 
of a good condenser is thus very high, about 99-7 per 
cent. In a poor condenser the phase difference may 
rise to about 22° or a power factor of o -37. Condensers 
constructed of mica can easily be made having a phase 
difference of only one minute. 

Expt, 22. The measurement of mutual induc¬ 
tance. 

Apparatus Required. 
A variable mutual inductance M, a detector such as 

headphones or vibrating galvanometer and the un¬ 
known mutual inductance Mi. 
Procedure to Adopt. 
. Connect the apparatus up as sho\<m in Fig. 184. Mi 

is connected to M so that their primary cous Pi and P 
are in series with each other and an alternating source, 
while the secondaries 5i and S with their windings in 
opposition are connected to a detector G, such as a 
vibraticm galvanometer or a telephone. M is then' 
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Ml 

M 

MEASUREMENT OF INDUCTANCE- 
OPPOSITION METHOD 

Fig. 184. 

adjusted until a balance is obtained, the detector 
indicating that the secondary current is zero. 

Then = M, 
Ml should be a considerable distance from M, and if 
possible, it should be so placed as to have zero mutual 
inductance to it. Readings should be taken with 
reversal of leads going to Pi and Si respectively. 
Readings should also be taken with the leads to Pi 
and Si joined in their circuits so as to exclude Mi, 
S should be reversed, and a balance obtained. The 
reading of M then gives the value of the mutual 
inductance between the leads, and hence a correction 
may be made. 

Note. 
1. For frequencies up to 300 cycles per second, a 

vibration galvanometer is usually more sensitive than 
headphones. 

2. The value of the unknown mutual inductance 
must lie within the range of the Standard Variable 
Mutual Inductance. 

Conclusion. 
The method is simple and efficient. If an alternating 

current supply is not available, direct current may be 
used, interrupted or reversed by a key, and a balfistic 
galvanometer then forms a suitable detector. 
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TABLES AND DATA 
TABLE 1 

GREEK LETTERS AND THEIR TECHNICAL 

DESIGNATIONS 

Letters 

Name, Capital, 1 Small, Commonly used to Designate, 

(C) (s) 

Alpha A « Areas, Attenuation Constant. 

Beta B Angles, Coefficients, Wavelength 
Constant. 

Gamma r y Conductivity, Proppgation Con- 
stant. 

Delta A 8 Increments, Decriments, Varia- 
tion. 

Epsilon E € E.m.f. Base of Natural Loga- 
rithms. 

Zeta z (^) Impedance. 

Eta H V (c) Magnetic Field Strength, 
i Efficiency. 

Theta e e Angles, Angular Phase Displace- 
ment. 

Iota I Current Flow. 

Kappa K K Susceptibility, Dielectric Con¬ 
stant or Permittivity, 

Lambda A X Wavelength. 

Mu M (s) Amplification Factor, Prefix 
for micro-. 

Pi n 7T Circumference Divided by Diam¬ 
eter (3*1416). 

Rho p P (s) Specific Resistance or 
Resistivity. 

Sigma ' z a (r) Sign of Summation. 

Tau T T Time Constant. 

Phi 0 {c) Flux, Angle of Lag or Lead. 

Chi X X {c) Reaictance. 

Pei W Dielectric Flux, Phase Difierence. 

Omega Q O) (£;) Resistance in ohms. 
(s) Anjyiilar Velocity 27rf. 
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TABLE 3 

.bOWER RATIOS TO DECIBELS. 



VALVE SYMBOLS 

Dfod« or 
Hotf'WOvO 

Double « 
diode 
triodo 

TrTodo - pcnlodo 

m* *i» adbaw 

Double - diode Trlodo 
or Full * wavo 

POcHfler 

&cremned IVilodo 
grid or 
Strode 

— -N 

• Triodt * Koicgd# 

Ci\ [pi 

<lcu!y 

DoubW fr^ed* 
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VALVE BASES 

5 ftn Siiiilt 7 Bn 
SBn 

American Side S Pill 

In^amshonal a o ^ 
Ocial. 
ytTi4 
OcUt, 

Note.—The view is of the valve base iueif* or aS the 
uiKlerside of the valve holder. 



TABtE 5 
VALVE BASES 

Wbeii more than one grid is employed the grid nearest ^e cathode 
is releired to as the first grid/* the next is the '* second ^d/* etc. In 
tetrodes the first grid is fiormally the control grid and the second the 
screesi grid. In pentodes the'first grid is normally the control grid, the 
second the screen grid and the third the suppressor grid. 
_ 4 Pin._ Ambrican 4 Pin 

(Bayonbt Catch). 1 2 1 1 3 m 

AS M American or International Octah 
CtS Sidoaontaat^Pia^ 

X>ntre 
filament 
C 
H 
H 
A 
A 

Mazda Octal. 



TABLE 5. VALVE 

9 PtN, 

IISHH m Hi B A B B B mm 8 

9B m G2 m 'G3 I m m 5 OA OG 

PREOUENCY/AERIAL LENGTH NOMOGRAM 

A 

«>IIIOUKNCV 
IN 

TV^ OF 
ACfllAt. 

D 

LSNOTH 
IN FSKT 
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NOMOGRAM SMOtIVfNG RANGES OF SURFACE RAr’ 
RAOIATCO OVER SEA 

rnCOUCNCV DISTAMCCIM HAOIATBO AOWtII 
tN M;C » ATAtliTt MtUt» IN^TTA' 







LOGARITHMS {continued) 

0 1 2 3 4 5 6 7 6 9 1 2 3 4 5 6 7 8 9 

5^ 7404 7412 7419 7427 7435 7443 7451 7459 7466 7474 1 2 3 3 4 5 5 6 7 
56 7489 Em 7497 7505 7513 7620 752i 7636 7543 7561 1 2 2 3 4 5 5 G 7 

m 7559 7566 7574 7582 7589 7697 7604 7612 7619 7627 1 2 2 3 4 5 5 6 7 
7634 7642 7649 7657 7664 7672 7679 7686 7694 7701 1 1 2 3 4 5 6 7 

m 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774 1 1 2 3 4 5 6 7 

ed 7782 7789 BH! 7603 7810 7818 7825 7832 7839 7646 1 1 2 3 4 5 6 C 
61 7853 vtm 7868 7875 7882 7889 7896 7910 7917 1 1 2 3 4 5 6 6 
62 7924 7931 7938 7945 7952 7959 7966 7973 FFrii] 7987 1 1 2 3 3 5 6 6 
63 7993 WlTlTlj flOTlVi 8014 mT\ [♦OtM 8048 1 1 2 3 3 6 5 6 
64 8062 8089 8096 8102 8116 8122 1 1 2 3 3 5 5 6 

65 8129 8136 8142 8149 8156 8*162 8160 8176 8182 8189 1 1 2 3 3 5 5 0 
66 8195 iSE 8215 8222 8228 8235 8241 8248 8254 1 1 2 3 3 6 5 6 
67 8261 8267 8274 8287 8293 8299 M 8312 8319 1 1 2 3 3 5 5 6 
66 8325 8331 6338 8344 8351 8357 8363 im 8376 8382 1 1 2 8 3 4 6 6 
69 3388 8395 8401 8407 8414 8420 8426 8432 8439 6446 1 1 2 2 3 4 5 6 

70 8451 8457 8463 8470 8476 8462 8488 8494 1 1 2 2 3 4 5 6 
71 8513 8519 8525 8531 8937 8543 8549 8555 8561 8667 1 1 2 2 3 4 5 5 
72 8573 8579 8585 8591 8597 PliliTg 8609 8615 8621 8627 1 1 2 2 3 4 5 6 
73 8633 8639 8651 8657 8663 8669 8676 8681 8686 1 1 2 2 3 4 5 5 
74 8692 8698 8710 8716 8722 8727 8733 8739 8746 1 1 2 2 3 4 5 6 

75 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802 1 1 2 2 3 3 4 5 5 
76 \mm 8814 8820 8825 8831 8837 8842 8848 8854 8859 1 1 2 2 3 3 4 5 5 
77 8865 8871 8876 8882 8887 8893 8899 8904 mm 8915 1 1 2 2 3 3 4 4 6 
76 8921 8927 8932 mE 8949 8954 8965 8971 1 1 2 2 3 3 4 4 5 
79 8976 7982 8987 8993 8998 9004 1 1 2 2 3 3 4 4 5 

60 mMi 9063 9069 9079 1 1 2 2 3 8 4 4 5 
81 9090 9101 9106 9112 9117 918B 9128 9133 1 1 2 2 3 3 4 4 5 
82 9138 9143 9149 9154 9159 9166 9170 9176 9180 9186 1 1 2 2 3 3 4 4 5 
83 9191 9196 0201 OM 9212 9217 0222 9227 9232 9288 1 1 2 2 3 3 4 4 5 
84 9243 9248 9253 9258 9263 9269 9274 9279 9284 9289 1 1 2 2 3 3 4 4 5 

85 9294 JMS Wl 9315 9320 9326 9330 9385 9340 1 1 2 2 3 3 4 4 5 
86 9345 "< ?n 93561 9365 ml 9376 9380 9385 1 1 2 2 3 3 4 4 6 
87 9395 ! ■ f n «IIiM 9410 9415 mi [fJWji 9435 9440 0 1 1 2 2 3 3 4 4 
88 9445 ’ 3 9460 9465 9469 ith'jI 9484 9480 0 1 1 2 2 8 3 4 4 
89 9494 9499 mm 9513 9518 9523 9528 9533 9538 0 1 1 2 2 3 3 4 4 

90 9542 9547 9552 0557 9562 9566 9571 9576 9581 9586 0 1 1 2 2 3 8 4 4 
91 9590 9595 mM 9609 9614 9619 9624 9628 9633 0 1 1 2 2 3 3 4 4 
92 9638 9643 9647 9652 9657 9661 9666 9671 mb mm 0 X 1 2 2 3 3 4 4 
93 9685 9689 9694 9699 9708 9713 9717 m2 mi 0 1 1 2 2 3 3 4 4 
94 9731 9736 9741 9745 9750 9754 9759 9763 9768 9773 0 X 1 2 2 3 3 4 4 

95 9777 9782 9786 9791 9795 iffl 9805 9814 9818 0 1 1 2 2 3 3 4 4 
96 9823 9827 0832 9836 9841 9845 9850 9854 9859 9863 0 X 1 2 2 3 3 4 4 
97 9868 9872 9877 98|l mn mm\ mm\ 0 X 1 2 2 3 3 4 4 
98 9912 9917 9921 mm 9939 9943 9948 9052 0 1 1 2 2 3 2 4 4 
99 9956 9961 9965 99691 SWfl 99781 9983 9987 9991 999ej 0 1 1 2 2 3 3 3 4 

Ccvixnon Losarlttmis nyperboUo LoffMithini X O‘A34{S0. 
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A.C. FormudsB!, ii-ia, 156 
AeriaJ, i55“^# 231 

array^ 169 
effici^cy, 18 
excitation, 163 
powetj 18 
radiation, 159 
radiation resistance, x8 
reflectors, x68 
rhomboic, 170 

Aircraft landing aids, 244 
Alphabet—Greek, 295 
Ammeters, 207-12 

moving coil, 207, 212 
moving iron, 209 
hot wire, 211 

Amplifier. 75, 104-108, 283 
Amplication, class A, B, and C., 62-5 

factor, 15 
Amplitude modulation, 17, 113, 130-4 
Anode Bend rectification, 70-x 
Atmospheric interference, 228 
Autotnatlc volume control, 83, loo-a 
Auto-transformer, 42-4 
Avodaptor, 269 
Baffie of speaker, 115-16 
Barreter, 278 
Beacon-radio, 176 
Bel, 21, t93-7 
Capadtanoe, s-io 

of aerial, 137 
of a coil, 8 
of a condenser, 10 
inter-electrode, 17 

Cathode electrode, 52-3 
Cathode ray tube, 223 
Characteristic curve-valve, 33~3, 78, 252-6 

resistance, 20, 191 
Chokes—H.F. and L,F., 38-9 
City and Guilds Syllabuses, i 
Clipped speech, 100 
Coast stations—Radio, 173-6 
CoefliGient of induction, 40 

Coil, formulas, 7-10 
capacitance, 8 
energy, 8, 33 
hybrid, 178 

Colour Code of resistors, 297 
Condenser, 13, 24-33 

b3rpas8, 31 
char^, 10 
coupling, 3Z 
dielrotnc, xz 
electrolytic, 35 
grid, 31 
losses, 30 
paralkf plate, 34 

Condenser Tuning, 36 
Copper losses (transformer), 10 
Creed high speed morse system, 203-6 
Cr^tal, 134 

frequency, 14 
detector, 90 
microphone. 127-8 

Cumulative grid xeotifioation, 72 
Current ratio of a transformer, 9 
Cut-ofl tctf^amicy of filter, 19 

D. C. circuit formuhe, 4''7 
Decibel, 193-297 
Detector, crystal, 90 
Diagram, polar, 167-9 
Dielectric strength, 4-7 

of a condenser^ 27 
Diode valve, 48-50, 251-3 
Directional aerial, 170 
Direction finding, 175-7 
Discriminator F.M., 109 
Distress signal, 175-6 
Diversity reception, 103 
Double diode Triode, ^2 
Echo suppressor, 183 
Eddy, currents, 43 
Efficiency of an aerial, x8 

of a transformer, 9, 45 
Electromagnetic waves, 155 
Electrostatic voltmeter, 216 
Electrolytic condenser, 26 
E. M.F. induced in a cpndenser, 9 
Energy stored in a condenser, ii 

stored in a coil, ir 
Equipment for monitoring, 133 
Excitation of an aerial, 165 
Experiments in radio. 251-94 
Fading, 61 
Field strength of transpiittcr, 17 
Filters, 19, 138, 236-40 
Force on conductor in magnetic field, I 
Forraulse in radio, 4-21 
Frequency, 13-19, 96, 112 

bandwidth formulas, z8 
control, 123-4 
crystals, 13 
modulation 108-15, 139-41 
resonant, 12-13 

Frequencies of coast stations, 176 
Gain-amplifier, 283 

-repeater, r92 
Greek alphabet, 295 
Grid, action of, 82 » 
Grid condenser, 31 

leak, 72 
rectification, 72-3 
voltage, 71-2 

Half wave rectifier, 150-1 
H.F. choke, 39 
Hybrid coil, 178 
Impedance of circuit, Si 12 
Inductance, of a coil, 7 

coeffiaent of, 40 
Iron losses, tramsformer, 47 
Instruments, cathode ray tube, 222 

M.C. ammeter, 207-15 
hot wire ammeter, 2x0 
Megger. 220 
moving iron ammeter, 209 
voltmeter, 216-18 
wavemeter, 220 ^ 

lnter-electr<^ capacity, 17 / 
Intermediate frequency, 96, ira* 
lutervalve coupling, 74 
Inverter, 187-0 
Ionosphere, x^ 
Landllne, VV/X and R/C, i7« 
Leakage in a condenser, 30 



Ui^t Vaves, ss5 
m&ves transimaticaiy 245-50 

limit restafiEfe of F.M. rec^var, {lo 
line tranemissioa, 19-20 
logarithm tables, 306-7 
loud-speaker, 115 
Ijow frequency choke, 39 
kfagnification factor, 7 
Measuxement of amplifkration factor, 66 

resistance, 23, 285 
efficiency of transformer, 45 
inductance, 285 
power factor, 292 
mutual induction, 293 

measuring instruments, 207-13 
mercury rectifier, 152 
metal rectifier, 144 
microphone, 126-9 
Modulation in amplitude, 113, 130-4 

frequency, i09-»4, 139-41 
Monitoring equipment, 133 
Morse tape, 201 
Moving coil instrument, 207-12 
Moving iron instrument, 2oq 
Mutual characteristics ctirves, 55-9 

induction, 293 
conductance of valve, 14, 54, 59 

Multi-channel radio telephony, 185-6 
Natural capacitance and inductance of 

aenal, 137 
frequency, 14 

Negative feedback amplifier, 104-8 
Neper, 21, 194 
Neutradiising amplifiers, 124-5 
Nomograms, various, 30Z-3 
Ohms Law, 3 
Ohmmeter, 215 
Oscillator control, 123-4, 135-6 
Oscillatory circuit, 67-70 
Parallel plate conden^r, 34-5 
Pentode valve, 80 
Pentograd valve, 85 
Phase angles, 13 
Pie20-elcctric effect, 134 
Polar diagram, 167 
Power, amplification of valve, z6 

factor^ 13, 292 
supplitt lor radio equipment, 144 

Push button tuning,^ 99-xoo 
Push-pull amplification, 64, 124 
Q valve of a coil, 7 
Quarte crystal, 124-39 
Ka<hatioa, constant, 18 

e^ency, 156 
height, 171 
resistance, 18, 156, 171 

Kadiating circuit, 156 
Radio beacon, 176 
Radio communication, formulie, 4-14 

exam, syllabuses, z 
equipment, 249 

Ra^o, link, t7» 
telephony, ?a6,177-80, 185 

Reactance, 11-12 
Receivers, 3^, 90-8, 174 
Rectifiers, 144, 152, 273 
Remote control W.*.,. 197-9 
Repeater, 192 ^ 

Resistance measurement, 22 
Resistors, 22-3 

in series and parallel, 4, 5 
colour code, 297 

Resonant frequency, 12 , 
Rhombic aerial, 170 
Saturation point, valve, 33 
Selective fadii^g, x6x 
Self capacitance of a coil, 8 
Sbip«snore radio, 173-9 
Shunt resistance, 212 
Singing suppressor, 183 
Single valve amplifier, 66-7 
Skip, distance, 163 

zone, 163 
Space char^-valve, 53 
Speech on light, 245-9 
Spectrum chart, 304 
Speaker, moving coil, 1x5 
Stabiliser valve, 275-6 
Step-down transformer, 42 
Step-up transformer, 42 
Superbet receive^, 93-9 
Suppressors, 183 
Suppression of radio interference, 227-38 
Tables, radio, 293-3x2 
Tape, morse, 201 
Television formuhe, x8 
Tetrode valve, 77 
Thermal delay switch, 275 
Time base, 224-5 
Transformer formulae, 9 
Transformers, 41-6, 280 
Transmission loss, 21, 192-4 
Transmitting, station duties, 132 

valves, X18-19 
Trigonometry tables, 309 
Tnode, valve, 51, 63 

pentode, 84 
bexode, 87 

Tuning, 36, 99-100 
Undulator, 133, 205 
VMvc, amplifiers, 75 

oases table, 300-1 
construction, 48-54 
cooling, 1x8-22 
diode, 48, 184, 251-3, 263 
double diode tno^, 83 
formulas, 14-16 
pentagrid, 65 
pento^, 80 
symbols, 298 
tetrode. 77» 257 
transmitting, 1x8-20 
triode, 50, 51, 253-5, 265-7 
triode bexode, 87 
variable Mu, 78-79 

Variable condenser, 28-9 
Velocity of waves, 2 $5 » 
Voltage, ratio of transformer, 9, 280 

amplification, 15, z6, 270 
doubler, 146 

Voltmeter, electrostatic, 2x7 
valve, 2i8-X9 

Water-cooled valve, xxq 
Wavelength, 136, tyt, 24I 
M'avemeter, 221 
Wheatstone transmitter, aoo 

{» CrstU RrMff fy Wyman ^ Som, tjmion, ondMaading. 








