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VII.--RADIO-COMMUNICATION, GRADE I;

QUESTIONS AND ANSWERS

By A. C. Wagrren, B.Sc.,, A.M.I.LE.E.

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

Ao 1. If a current is passed through a coil, a magnetic flux
is set up which links to some extent with the coil itself. Any
change in this current and flux sets up an e.m.f. in such a
direction as to oppose the change of flux. This is known as
the back e.m.f. of self induction and the coil is said to possess
inductance.

The practical unit is the henry which is the inductance of
a coil in which a back e.m.f. of 1 volt is set up when the
current is changed at the rate of 1 ampere per second.

If an alternating e.m.f. (v) is applied across an inductance
di 1

V:Ldt. or.i =

[——Sv sin ot dt,

Vv
= - sin (wt — 90°)

wl. 1s known as the reactance of the inductance.

(a) The inductance of two coils L, and L, connected in
series is L = L, + L,

L, = sH. and L, = 10H.
. L =15H and wL = 27 X 50 X 1§ = 4710 ohms.

(b) The inductance of two coils L, and L, connected in
llel is L Lk, '
arallel is L = -———%

P L.+ L,

L3 ol
c L= =3l

wl = 27 X 50 X 3.33 = 1045 ohms.

Q. 2. Describe the construction of a fixed condenser suitable
for high voltage and high frequency. A condenser of 2 micro-
farads capacity is charged to a potential difference of 1,000
volts. What is the amount of energy stored in the condenser?
If this charged condenser is connected in parallel with an
uncharged condenser of 3 microfarads capacity, what will be
the potential difference and the total energy stored after con-
nexion? Explain the reason for any difference in the energy
stored in the two cases.

A. 2. High voltage, high frequency fixed condensers may be
constructed with air, oil or mica as a dielectric. For small
capacities, say up to o.oor uF, air may be used and for con-
denscrs up to say 0.02 puF oil or mica. Above this value, oil
condensers are too bullkty and mica is used almost exclusively.

A mica condenser is constructed of ruby mica which gives
a power factor of .0002-.0003, i.¢., the power to be dissipated
in the condenser is .02 to .03 per cent. of the K.V.A. input.

Although this is a very small figure, mica being a very good
heat insulator, the condenser must be built up in small sections,
cach plate is say 2” x 3”. A typical method of construction
is shown in the

Alominium Frame Centre sketch (a), a
Forming one terminal ferminal large number of
units, each con-
sisting of a num-
ber of sheets of
copper foil inter-

‘ .
Benks of condenser unit s ro’f;'mn to leaved W.l th
clamped in Frame. Elements Frame. sheets of mica
connected in Series porélls/ . b
o in (o). as in sketch (b),
(a) (5) are connected

in series parallel
to make up the required capacity. The frame may be used
as one terminal and the centre of the condenser as the other
as indicated. The whole is immersed in high-grade insulating
oil in a scaled tank to ensure good cooling. The amount of
copper in the condenser is determined by the current and the
number of units in series is determined by the voltage; thus,

the size of the condenser increases more or less proportional
to the K.V.A.

The energy stored in a condenser is 4 CV:=
=32 X 10785 X 10 = 1 joule
If this 'stored condenser is connected in parallel with an
unstored condenser, the quantity of eciectricity in the stored
condenser will be distributed between the two condensers until
they are charged to the same voltage.

Thus C,V, = (C;, + C,) V,or V, = - x 1000 = 400 V.
5
Thus in the example the total energy stored will be
3(C,+C)V.a=1x5x10"%x 16 x 10¢ = 0.4 joules.
On connecting the two condensers in parallel a damped
oscillatory discharge will be set up and energy to the extent
of 0.6 joules will be dissipated in the resistance of the con-
densers.

(). 3. A condenser of 2 microfarads, a resistance of 50 ohms
and an inductance of 6 henries are connected in series. What
current will flow when un E.M.F. of 200 volts R.M.S. at 50
periods per second is applied to the cirvcuit?
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The use of a frequency doubler with an h.f. alternator
simplifies the alternator design, but has the disadvantage that
the resultant output has a bad waveform and is thus very rich
in harmonics.

(2) Valve Doubler. In crystal or tuning fork controlled
valve transmitters, it is normally necessary to use frequency
multipliers. A simple form of multiplier is shown in sketch
(2a and b).

The grid circuit is tuned to the fundamental frequency and
the anode circuit to the required harmonic. The valve is
biassed below ‘‘ cut off ’ on the steady anode current curve
and thus impressing an oscillation on the grid, causes a short
pulse of anode current to flow. The wave form of this curve
is’ therefore very bad, i.e., it is rich in harmonics and the
tuning of the anode circuit to one of these enables it to be
selected and amplified. This method is extremely simple, but
for harmonics above the third the efficiency is low; for high
harmonics careful filtration of side harmonics is necessary.
Since only the top of the wave impressed on the grid is ‘‘ picked
off,” any ripple on the fundamental will be badly exaggerated
in the output. Further slight variations' in the amplitude of
the fundamental will be considerably exaggerated in the output.

This arrangement has the advantage that it permits the use
of a tuning fork or crystal at the best frequency for which
this piece of apparatus can be designed.

Q. 9. What methods ave adopted in practice to reduce the
effects of capacity and inductance in resistances used for high
frequency measurements® What is meant by the ‘* time con-
stant ** of a resistance?

A. 9. It is essential that resistances used for measurement
work on high frequencies should have negligible self capacity
and inductance. Fortunately, little current is normally used
for this class of work and thus the prime qualification, that
of smallness, can be observed.

Such resistances are of two main classes ; (a) wire, (b) carbon
compound.

(a) Wire resistances. By the use of sufficiently fine wire, only
a very short length is required for normal work. If the length
of a straight wire is such that the inductance is too high, it
may be (1) wound inductively on a fine insulating thread or
flat strip, (2) wound non-inductively by (a) folding the wire
in two and winding the doubled wire, (b) looping each turn
back on itself, (¢) winding two wires in opposite directions
and paralleling the two wires.

The self capacity of such units is normally sufficiently low.

(b) Carbon Compounds. Carbon compounds, such as carbon-
clay, carborundum or graphite, provide useful resistance
elements, the specific resistance of which can be varied over
very wide ranges. Thus resistances 1/16” diameter X 17 long
can be constructed having a resistance from a few ohms to
meghoms.

The chief dlﬂ‘iculnes with such resistances are (1) instability,
(2) temperature .coefficient, (3) difficulties in making reliable
connexions. For frequencies above 3 megacycles, this class of
resistance is to be preferred to the wire resistance on account
of low self capacity and inductance.

The ‘“ time constant '’ of a resistance is given by ;% » CR,

2L . . .
or - depending upon whether the resistance has inductance,

R
capacity or inductance and capacity and is the time which
would elapse before the current flowing through it fell to

0.368 of its initial value if the supply were remaqved.

Q. 10(a). State three different methods wused in keying
valve radio telegraph transmitters, mentioning any advantages
or disadvantages.

(b). Give a circuit diagram and a brief description of a
master oscillator controlled valve transmitter, working off an
A.C. supplv, which can be used for radio telephony or radio
telegraphy.

A.10(a). A valve transmitter may be keyed by one or more
of the following methods :—
(1) Interrupting Main A.C. Supply, and/or H.T.D.C.
Supply.
(2) Interrupting the Grid leak.
(3) Interrupting the. excitation in a controlled transmitter.
Method (1) is simple aind may be used for low power trans-
mitters. As the power is increased, arcing becomes prevalent
and magnetic or air blow outs have to be fitted. This system
is suitable therefore for low powers up to 1 kW. only.
Method (2), Interruption of the Grid leak, is suitable only
in the master oscillator of a controlled transmitter or in the
self-oscillator transmitter. In the latter case, it is liable to
cause the H.T. D.C. supply to rise considerably if a thermionic
rectifier is used. Unless the grid-filament insulation is perfect,
¢ grid ticks ' occur during ‘‘ space ’’ which cause inter-
ference.
This method is only recommended for powers up to 1 kW,
although in association with (1) it may be used for power up
to § kW,

Method (3). In a controlled transmitter, the master oscil-
lator or drive normally operates at quite low power and, in
consequence, this oscillator may be keyed by one of the above
methods or by disconnecting the excitation from the following
stage. This method may be used for all powers; care must
be taken however to see that the stages beyond the key do
not self-oscillate or are not too heavily loaded on space.

The position of these keys is indicated in the answer to 10(b).

The circuit shown consists of a simple Hartley master
oscillator followed by one stage of amplification. Modulation
for telephony is obtained by the Heising or choke control
system ; the modulation may be applied to the grid through
a speech transformer, as shown, or through a number of
stages of low frequency amplification.

For telegraph working the modulator filament is switched
off, the aerial coupling is adjusted to give full power output,
and the set may be keyed at one or more of the points marked
K.

The components are as follows :—

Speech Choke.
High frequency chokes.
Blocking condensers.
Tuning condenser.
Grid coupling condenser.

V, V, V, Modulator, oscillator, amplifier and rectifier valves.
Grid leaks.
Speech transformer.
Main transformer.

o Rectifier filament transformer,
K, K, Telegraph keys.
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XI.—TELEPHONY, FINAL; SECTION 2, TELEPHONE TRANSMISSION. QUESTIONS AND ANSWERS.
W. S. Procter, A.M.L.E.E.

Q. 1. How would you investigate a complaint of trans-
mission difficulty from extension telephone instruments? What
would the overall transmission losses comprise if (a) local
battery and (b) common battery telephones were used at the
extensions? (30 marks).

A. 1. If the complaint refers to all public exchange calls
made f[rom the extension instrument and the transmitter
current is fed from the main exchange, the trouble may be
due to the high resistance of the exchange and extension lines,
or to feeding current losses due to series and/or shunt appar-
atus in the private branch exchange cord circuit. Similarly if
the transmitter current is fed from the private branch exchange
cord circuit, the trouble may be due to the resistance of the
extension line. If the extension instrument is of the local
battery type, the trouble may be caused by the¢ high trans-
mission equivalent of the extension line and, in a C.B. type
private branch exchange, of the auxiliary apparatus unit. The
difficulty may also be due to a faulty transmitter or receiver.

If, however, the transmission difficulty is only experienced
on certain long distance calls, then the trouble may be due to
the inclusion of low-grade circuits in the chain of connexions.
This can be checked by means of a test call from the extension
instrument to the distant telephone and observations of the
quality of the speech to intermediate points en route.

With a local battery telephone, the overall transmission
losses comprise (i) the transmission equivalent of the exchange
and extension lines and of the junction and trunk circuits used ;
(i) the audio-frequency transmission loss due to the iaclusion
of series or shunt apparatus in the circuit; and (iii) a fixed
allowance for the sending efficiency of the local battery
telephone instrument, added to correlate the transmission
efficiency with C.B. transmission conditions.

With a C.B. telephone, the overall transmission losses
comprise (i) a loss depending upon the value of the direct
current fed to the transmitter ; (ii) the transmission equivalent
of the exchange and extension lines and of the junction and
trunk circuits used; and (iii) the audio-frequency transmission
loss introduced by the trunsmission bridges at the main and
private branch exchanges, und by any other series or shunt
apparatus in circuit.

Q. 2. Describe a method of localising cable faults by means
of alternating current bridge measurements. What data is
necessary for accurate location of faults by the method
described? (30).

A. 2. A\ diagram of the connexions of an alternating current
bridge used in the location of an impedance irregularity is

$2
fomo x-——sF

P N

shown in the sketch. An impedance/frequency test is made on

the faulty pair and the bridge resistance readings are plotted
. : R . . K

against [requency. ‘The distance, x, to the fault is then — - *

1

where f is the mean f[requency interval between successive

maximum points on the curve and K is an empirical constant.
To determine K, the line can be terminated with an impedance
other than its characteristic impedance and the bridge resist-
ance readings plotted to determine the resulting mean frequency
interval, f,, between successive maximum points. The con-
stant K is then obtained from K = If,, where [ is the length
of the line. Alternatively, for loaded cables K may be taken

to be where L is the inductance in henries and C is

1

24/ LC
the capacity in farads, both per mile loop.

The data required for the accurate location of faults by this
method are (i) the length of the line, I, for the purpose of
determining K ; (ii) the impedance/frequency curves under real
and artificial fault conditions; and (iii) the normal impedance/
frequency curve of the faulty pair.

Q. 3. Describe the steps taken to set up a long g-wire
repeater circuit and state the objects of any measurements of
repeater gain, line impedance or transmission equivalent that
vou consider to be necessary. Explain the causes of variation
in transmission equivalent of working circuits. What steps
are taken to correct such variations? (30).

A. 3. The inter-station transmission equivalents  are
measured at 800 p.p.s., the mcasurements being made in both
directions on both go and return lines. The impedances of the
go and return lines are measured at 8oo p.p.s. from the office
side of the transformers, the intermediate repeaters being
rendered inoperative by turning their potentiometers to zero,
and the termination being closed with 600 or 1,000 ohms
according to the impedance of the terminating equipment. If
the modulus of the impedance of the line is not within 30
per cent. of the nomiral impedance of the equipment, the
line transformer is changed for one of more suitable impedance
ratio.

The control station prepares a level diagram based upon the
inter-station transmission equivalents and the overall trans-
mission equivalent required. The gain at each repeater is
estimated and euch repeater station sets the repeaters to give
the estimated gain. Output level measurements at 8oo p.p.s.
are then made from the exchange termination to each repeater
station in turn. At each repeater station, measurements of
output level and repeater gain are made and if the measured
value of output level differs from the estimated value by more
than 41 db., the repeater gain is adjusted.

Equalizers are adjusted so that the required degree of higher
frequency equalization as may be necessary is obtained; the
overall transmission equivalent of the individual go and return
lines should be us uniform as possible from 800 p.p.s. up to
0.7 of the nominal cut-off frequency of the lines. The
equalization is checked by a series of output level measure-
ments at different frequencies.

When an echo suppressor is used, a test of the hang-over is
made by conducting a test conversation between the terminal
repeater stations and observing that there is no clipping of
initial syllables. If the hang-over is too short, the tapped
resistances in the suppressor smoothing network are adjusted.

Repeatered circuits are regularly subjected to routine tests
of overall transmission equivalent. Any increase is usually
found to be due to a defective valve at an intermediate
repeater station; the repeaters e¢n route are tested, the defec-
tive valve located and changed, and the circuit again placed in
service. On the longest circuits, such as London-Glasgow,
the repeater gains are periodically adjusted to compensate for
variations in conductor resistance due to seasonal variations in
temperature.
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4. Give the formule for (a) the propagation constant,
(b) the attenuation constant, and (c) the wave-length constant
of a circuit having uniformly distributed primary constants.
Will the formul@e apply to circuits having lumped primary
constants? Give the approximate form of the formule for the
constants (a), (b) and (c) for an unloaded cable circuit having
small gauge conductors and for a loaded cable circuit having
negligible leakance. Show how the approximate formule are
derived. (30).

A 4.
(a) Yy = &/(] + 9 (ul )((J —+— ](nC)

B+ je

() B = & 3{ v RTFELI (GEF w20+ (GR - a2L0) }

() o {\/(Rz+..,-’l ) (GEF0iC?)— (GR —w2L0) }

‘The formula: do not apply to circuits having lumped primary
constants in which case Campbell’s formulae would be applied,
although it is usully sufficient to use Mayer's or other approxi-
mations. The formul:e do, however, give a rough figure for
the secondary constants at 8oo p.p.s.

For an unloaded cable circuit having small gauge conductors,
[. and G may be neglected ; then

y = ViRwC = yRuC /g0° = yRaC [45°
Cos 45° = Sin 45° = /3
B = \/VR(UC cos 45° = ¢ R:)C

[ RwC
o = 4/ RwC sin 45° = \/—:—

In a loaded cable circuit having negligible leakance, the
following formula: are given by making G = O in formula
(a), (b) and (c) above.

Y = \/]u)(, R ]wL)

8= \/"’C ~/R"'+ A2
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Q. 3. Give an explanatory diagram of a test set for the
measurement of transmission equivalents, repeater gains and
transmission levels. Explain, briefly, the theory of the trans-
mission testing set. (35).

Ao 5. ‘The typical modern transmission measuring set shown
in the sketch is designed to transmit a known power to line
and to use the same sending clement to calibrate an amplifier-
detcctor for the measurement ol power received from line.
The sending and receiving elements have an impedance of
0002 and the loss introduced between the variable-frequency
oscillator and the output terminals of the sending element is
so great that the sending impedance of 600 is constant
irrespective of oscillatur frequency or output current regulation.

The current in the thermo-ammeter is usually about 40 mA
and is kept constant by oscillator output control. With this
constant input to the sending element, the transmission
measuring set delivers 1 mW to a 600Q2 line. If a line of other
impedance is connected to the set the power delivered to the
line is not appreciably changed, the difference being little more
than o.5 db. if the line impedance is 12000. It is generally
assumed, therefore, that the set delivers 1 m\V.to line and no
correction is made for line impedance.

The receiving element comprises an amplifier-detector having
a high-impedance input transformer which is tapped, and a
continuously variable inter-stage potentiometer calibrated in
decibels.

To calibrate the set, 1 mW at the desired testing frequency
is transmitted directly from the sending to the receiving
element, the input of the latter being shunted with 600f) to
give the correct voltage (0.7746v) at the input terminals. The
whole of the inter-stage potentiometer is tapped under this
condition and the deflexion on the measuring meter indicates
zero db. The primary of the detector valve is adjusted at this
stage to give a suitable deflexion on the meter.

When a line is measured, this deflexion is reproduced by
introducing loss in the potentiometer if the received voltage
exceeds 0.7746v, or, if the received voltage is less than
0.7746v, by stepping up the received voltage at the input
transformer by a known amount to permit the reproduction
of the deflexion by means of the potentiometer.

For the measurement ol levels, the input element is con-
nected to the circuit under test without the 600f) input shunt.
Any departure from the 6002 impedance condition in the line
is more serious in level measurements and corrections become
necessary if accuracy is desired. In routine work, however,
the test is usually for the purpose of determining changes
from previous level measurements and as in that case tests
would have been made across the same impedance, the
differences between the results would not require correction,
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(To be continued.)
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