


RADIO COMMUNICATION.

INTERMEDIATE.

QUESTIONS AND ANSWERS.

By A. C. Warren, B.Sc., AM.LLE.E.

1. Describe any method whereby the high frequency
resistance of an inductance coil can be accurately measured.
Mention any precautions necessary to avoid errors.

A. 1. The high frequency resistance of a coil can be con-
veniently measured by the substitution method, as shown in the
diagram, in which a condenser C, and variable resistance are
substituted for, and adjusted to equal, the reactance and resist-
ance respectively of the coil under test.
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A variable radio frequericy oscillator is loosely coupled to a
resonant circuit consisting of a tuning coil L, a tuning con-
denser C,, the coil under test L,, and a thermo milliammeter A.
Switches S, and S, are inserted to enable the condenser C, to
be switched in parallel with C, and the variable resistance to be
substituted for L,.

The oscillator is set to the desired frequency and, with the
switches in position 1, the circuit is tuned accurately to
resonance by means of C, and the reading of A noted. With
the switches in position 2, the circuit is then retuned by means
of C, and the variable resistance is adjusted until the reading
of A is the same as before. The resistance of the coil is given
by the value of this resistance.

In order to avoid errors it is essential that—

(1) The coupling between the oscillator and the test circuit
shall be loose.

(2) There shall be no direct coupling between oscillator and
the coil under test, i.e., the oscillator and the coupling
coil L, should be screened. The absence of direct
coupling can be checked by reversing the connexions of
L, or L, and checking the measurements.

(3) The sensitivity of tuning C, and C, 4 C, should be of
the same order, vernier condensers being employed if
necessary.

(4) C, should be comprized of high quality mica or air con-
densers and the variable resistance should be designed as
a non-inductive resistance of negligible self-capacity and
its radio-frequency resistance should preferably be equal
to its D.C. resistance.

(5) The resistance of L,, L;, and A should preferably be
low compared with the resistance of the coil under test.

Q. 2. Show a circuit diagram and give a description of a
ship’s transmitter of about 1} kilowatts input suitable for C. W.,
I.C.W., and telephony. Include in the diagram the switches
necessary to make these changes.

A. 2. A 1} kw. ship’s transmitter suitable for I.C.W., C.W.,
and telephony is shown in the following diagram. It consists
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of a motor alternator furnishing an output of 1§ kw. at 200-
250 v and 300-500 cycles/second feeding a full wave thermionic
rectifier (output 5000-7000 volts) via the transmitting key K
and the power adjustment choke L,. Separate transformers
tapped off the alternator feed the rectifier modulator and
oscillator filaments.

Smoothing for C.W. working is provided by the choke L,
and condensers C, which are cut out by the switch S, for
I.C.W. The oscillator circuit comprizes the master oscillator
valve V,, the main amplifying valve V, being fed from the
oscillatory circuit of V,. V, is a valve of 300-500 watts
dissipation working into the primary circuit L,C; which is
coupled to the aerial.

Anode modulation or choke control is employed, the modula-
tor circuit comprising the modulating choke L,, modulator
valve V,, again of 300-500 watts dissipation, which is fed from
the submodulator stage with V, as submodulator.

For telephony, switch S, in the C.W. position and switches
S, and S, are thrown so as to bring the modulator into circuit.

The H.F. bipass condenser C, of .001 — .01 uF is fitted to
provide a low impedance path for H.F. when employing
I.C.W.; its smoothing effect is negligible.

In such transmitters, owing to the poor regulation of the
alternator, it is usual to fit compensating transformers T, in
the supply to the filament transformers. This transformer is
so arranged that an e.m.f. is induced in series with the filament
supply to compensate for the drop in alternator voltage when
the key is depressed. In this way the valve filaments are main-
tained at uniform brilliancy.

Q. 3. Give a diagram of the circuit of a rectifier of alternat-
ing currents for high tension supply to a radio receiver.
How can a rectifier be used
(a) as a voltage doubler,
(b) as a full wave rectifier,
when a centre tapped transformer is not available?

A. 3. Either of the arrangements shown in the following

diagrams may be employed as a rectifier for H.T. supply to a
radio receiver.

Diagram (a) shows a transformer without a centre tapping
During

employed as a voltage doubler. one half-cycle the

rectifier R, will pass current, the condenser C, being charged
in a positive direction. During the second half-cycle the
rectifier R, will pass current and condenser C, will become
charged. Each condenser thus provides one half of the output
voltage, i.e., the circuit behaves as a voltage doubler.

This circuit is, in effect, a full wave rectifier since current is
taken from the transformer during each half-cycle.

2
& s\
e SELELY

D,
'—ll-'ll||—w11 -
ol
=
'§l
e )
-_)l
o, &
e

IR o — Lz L
5 = CGE = d_@“g
s | =
1=

2
2







Transmitter

- Balancing
Line Network.

Hybrid

| Receiver

network must be equal to the impedance of the two-wire line
at all frequencies. Since telephone lines vary and are frequently
incorrectly terminated, this condition becomes impossible to
meet. Thus the degree of balance obtained at the hybrid
termination is imperfect, the attenuation of received speech in
the transmitting leg being perhaps only 6-10 db.

The radio path is a variable one and its attenuation may vary
from instant to instant; thus, if the circuit is adjusted so that
the output at the receiving end is equal to the input at the
transmitting end, a sudden decrease in the attenuation of the
radio path will cause the circuit to sing.

This circuit can only be employed, therefore, provided that
the attenuation of the radio path is practically constant, i.e., if
the radio link is a short one.

It has the further disadvantage that

(1) If one radio receiving circuit is noisy, the unbalance in
the hybrid will cause noise to be radiated by the trans-
mitter at that end of the circuit only slightly attenuated
and will penalize reception at the distant end.

(2) If one wire line is noisy, its noise will be transmitted
and will be received at the distant end. Owing to lack
of balance at the hybrid, it will then penalize transmis-
sion from the distant end.

If both transmitters are worked on the same wave-length the
field set up at the receiver by the local transmitter will be very
much higher than that set up by the distant transmitter. Since
the radio receiver is adjusted to receive the distant station, the
receiver output will far exceed the speech input to the local
transmitter; thus, the circuit will “ sing ** round the circuit
comprised of the hybrid, the local transmitter and receiver,
i.e., this system is unsuitable for operation on the same wave-
length in both directions.

Q. 1. Explain how an attenuator can be used in connexion
with a radio frequency oscillator and an audio frequency
oscillator for measuring the amplification, selectivity and
fidelity of broadcast receivers.

A. 7. A suitable method for measuring the amplification,
selectivity and fidelity of a broadcast receiver is shown in the
following block diagram.
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(3) A modulator stage.

(4) A thermocouple or voltmeter and calibrated attenuator
for measuring the output from (1), (2) and (3).

(5) The receiver under test.
(6) An output voltmeter.

The amplification of the receiver may be measured in separate
stages, i.e., the gain of the R.F. stages, the efficiency of the
detector and the gain of the A.F. stages; or it may be measured
in terms of the A.F. output when an R.F. input modulated to
a specified percentage modulation is applied to the input.

The first method only is described.

A modulated R.F. input is applied first to the grid of the
detector and the output of the A.F. stages measured. This
input is then applied to the input of the receiver and the
attenuator adjusted until the output of the A.F. stages is the
same as before. The attenuation inserted in the attenuator is
equal to the gain of the R.F. stages.

The gain of the A.F. stages is obtained by applying a fixed
A.F. input to the grid of the first A.F. valve, the A.F. output
being connected to the voltmeter through the attenuator. The
input is then measured and the attenuator adjusted until the
reading on the output voltmeter is the same as the input. The
attenuator setting is then equal to the gain of the A.F. stages.

The efficiency of the detector can be determined by applying
a known modulated R.F. voltage to the input of the detector
and measuring the output of the detector or A.F. stages.

In the case of a superheterodyne receiver it is preferable to
adopt the second method.

The selectivity of the receiver may be measured by applying
an R.F. voltage modulated to a fixed percentage, tuning the
receiver accurately to this input and measuring the A.F. output,
the attenuator being inserted immediately in front of the output
voltmeter. Leaving the receiver untouched, the R.F. input is
then varied over a range of radio frequencies, the output being
noted for each setting. A curve of A.F. output against R.F.
input can then be plotted.

The fidelity of the receiver can be measured by applying a
modulated R.F. input of constant amplitude to the receiver
which is accurately tuned and measuring the A.F. output, the
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The apparatus consists of,

(1) A radio frequency oscillator capable of fine adjustment
over the range of broadcast frequencies.

(2) A variable audio frequency oscillator of constant or
adjustable output.
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attenuator being fitted in front of the output voltmeter. The
modulation is fixed and the modulating frequency varied over
the full A.F. range, the output being measured for each fre-
quency. A curve is then plotted of A.F. output against
frequency







RADIO COMMUNICATION : FINAL. QUESTIONS AND ANSWERS.

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

Q. 1. What is the part played by the Heaviside layer in the
propagation of short waves? Why is it necessary, in short
wave communication over long distances, to use longer waves
during the night than during the day?

A. 1. The Heaviside layer consists of two ionized regions
known as the E and F layers, the heights of which are
approximately 90 and 250 k.m. respectively above the earth.
The radiation from a long wave aerial is mainly horizontal and
is reflected from or refracted through the E layer, thus enabling
the wave to follow the curvature of the earth.

On short waves, however, aerials and arrays can be con-
structed so that the large proportion of the radiation is at an
angle to the horizontal. It is thus found that thc transmission
from a short wave aerial follows two paths.

(a) The direct path or low angle ray.

(b) The indirect wave or high angle radiation which
penctrates the E layer, travels unattenuated in the
ionized region between the E and F layers, and is
reflected or refracted from the F layer. If, however,
the radiation is practically vertical, it may penetrate
both the E and F layers and be entirely lost.

These effects are shown in sketch (i). The variation of ficld

High angle radhation
penelrating F layer.

F layer

E.layer

Earth’s
Surface

direct wave

SKETCH (i).

strength with distance from the transmitting station is shown
in sketch (ii). At short distances from the transmitting station
the direct wave and. at long distances the indirect wave only is

received. There is, in
. addition, an inter-
mediate region known
as the skip distance
@ indhrect wave where both direct and
| / (s) indirect rays are wealk.

) 4 As the frequency is

increased, the attenua-
- I ‘tion of the direct ray
sk increases the angle with
the vertical at which
absorption of the in-
SKETCH (ii). direct ray at the F
layer occurs increases ;
thus, the curve: of field
strength with distance
takes a form as in
curve (b).
The above remarks
.. apply to daylight trans-
) mission and it will
be apparent, therefore,
that, for long distances,
as the distance is in-
creased a shorter wave-
length should be em-
ployed.

The height of the E
and IF layers above the
earth and the ionization
of this region will vary
with the season and
with the time of day.

At night their height increases, the attenuation of the
direct ray decreases, and the skip distance shifts out-
wards from the transmitter, i.e., the distance at which the
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Curve showing 20 metres deylight
860 metres night, both good at o
given range.

SKETCH (iii).

indirect ray is first received increases. Thus using 20 metres
good reception may be obtained at a given distance during day-
light whereas at night the receiving point will fall within the
skip distance. By increasing the wave-length to 40 or 60
metres good reception will be obtained. This effect is illus-
trated in sketch (iii).

Q. 2. What is the cause of night errors in rotating loop and
Bellini-Tosi direction finders? Explain clearly how the Adcock
aerial tends to obviate such errors. Give diagrams of the
aerials and associated circuits for :—

(a) Rotating Adcock system.

(b) Fixed Adcock system.

A. 2. Direction finders which employ loop aerials give
accuratc bearings only when rcceiving vertically polarized
waves, 1.e., when horizontal polarization due to indirect waves
is absent. On long and medium waves the indirect wave is
strongest at night and hence the errors due to downcoming
horizontally polarized waves is greatest.

These crrors can be avoided by using the Adcock system
which consists of spaced vertical aerials (two or four) as shown
in the sketches. The vertical aerials pick up only the vertically
polarized waves and if these waves arec combined through
horizontal members which are so arranged that their pick-up
is negligible the errors are eliminated.

(a) Rotating Adcock System. A suitable arrangement for a
rotating Adcock system is shown in sketch (i). It consists of two
spaced vertical aerials A which are broken at their centres and
combined through a screened transmission line L. and coupled
to the receiver R wia the transformer T. In order to ensure
perfect screening and the absence of horizontal pick up, the
leads to the receiver must also be screened.

SkeTeH (ii).

SKETCH (i).

(b) Fixed Adcock System. A fixed Adcock system consists
of four aerials spaced in the form of a square. Each aerial is
led into goniometer coils G on a horizontal transmission line T.
A double wire line is used, each aerial being earthed at its
base, through a balancing condenser, sketch (ii). The line isthen
balanced so that its pick up is negligible. The four aerials are
connected to separate coils in the goniomcter, opposite aerials
being associated. The goniometer is similar to that in a
standard Bellini Tosi system.

Q. 3. Explain what is meant by diversity reception. In-
dicate by means of a circuit diagram how radio-telegraph
reception on this system is carried out in practice.

A. 3. Short wave transmission suffers from severe fading due
to the fact that the waves picked up at the receiving aerial may
have travelled along paths of different length, this difference in
length being one half wave-length or more. At the receiving
point, thcrefore, components of the wave which have travelled
by different parts may nullify each other. The path lengths
are, however, changing continuously and so the field at one
point may be low at a given moment, whilst the field a short
distance away may be high and vice versa. If therefore the




e.m.f's in a number of aerials or arrays placed some distance
apart are combined, their vector sum will be rcasonably con-
stant. The system of reception employing such an arrangement
is known as diversity reception. Two or three aerials or arrays
are normally employed and are spaccd 500-1500 feet apart.
A schematic diagram of the method in which reception is
carried out is shown below. Three aerials or arrays A are
coupled to three
A separate receivers R
J through transmission
lines T. These re-
ceivers are normal
short wave heterodyne
reccivers.  The low
frequency output of
each receiver is passed
T to a detector D and
the outputs are com-
A bined through a low
pass filter and D.C.
amplifier S. The output of the D.C. amplifier may be
utilized to operate a Wheatstone receiver or relay. An
incoming signal on any one aerial results in an A.T.
output from its receiver. This output is rectified and the
D.C. compunent passes through the filter, is amplified, and is
suflicient to operate the tclegraph relay. Each aerial will con-
tribute its output and the rectified D.C. component of each must
be additive. The effects of fading are therefore overcome. It
will be observed that the practical system overcomes any defects
of combining the three aerials at radio frequency.
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Q. 4. What is meant by the characteristic impedance of a
transmission line? Give the general expression for the charac-
teristic impedance of a line in terms of series resistance, scries
inductance, shunt conductance, and shunt capacitance. How
can this expression be simplified for currents of high frequency
and what is approximately the phase of the characteristic
impedance at high frequencies?

A. 4. The impedance of a transmission line of infinite length
is defined as the characteristic impedance. Thus if a line of
finite length is terminatcd at the receiving end by an impedance
equal to the characteristic impedance, the immpedance of the line
as viewed from the sending end will be equal to the character-
istic impedance. It may be defined as the impedance which is
the vector ratio of the applied e.m.f. to the steady state current
on the line when the line is terminated by that impedance.

The characteristic impedance Z, is given by

_ R FTeL
¢ G + jwC
where R, L, G, and C are the resistance, inductance, con-
ductance, and capacitance per unit length respectively.

At radio frequencies w = 2xzf is high, but R and G do not

vary considerably from their low frequency values; thus, in
general, R and G may be neglected in comparison with juwlL

VA

. L . . s
and jwC whence we see that Z = \/Ef which is resistive,

i.e., of zero phase angle.

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

A. 5. A wave filter may be dcfined as a network which has
a low. or negligible loss over a band of frequencies and high
loss at all other frequencies. Typical characteristics of high
pass, low pass and band pass filters are shown in curves
(a), (b) and (c)

The propagation constant P of a filter is given by

P=A+ B = Zsinh-1} \/% where Z, and Z, are the

series and shunt impedances. It can be proved that:—

(1) If ~ZZ‘ is positive then the filter will attenuate.
&

(2) If 77" is negative and is less than four in absolute
“2
magnitude the filter will not attenuate.

i.e., the pass range of the filter is those frequencies for

; 2y . . .
which the ratio -ZL is negative and is less than four.
2

Attenuvation

{
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(8) high pass Filter (c) band pass Filter

Q. 6. What are the reasons for the use of piezo-clectric
crystals for frequency control? What precautions are necessary
if the best results are to be obtained? What, approximately,
are the highest frequencies for which quartz crystals can be
manufactured and used? How can frequencies above this limit
be controlled?

A. 6. Inorder to maintain constancy of frequency in a valve
transmitter, it is desirable to control the frequency of the output
stage. This can be achieved (a) by the use of a master oscil-
lator ; (b) by means of a tuning fork controlled oscillator ; (c) by
means of a piezo-electric crystal controlled oscillator. The last
has the advantages (a) that the frequency constancy obtainable
thereby is considerably better than that obtainable with a master
oscillator, and (b) crystals can be ground so as to control
directly on frequencies up to 3-10 megacycles per second.

The following precautions are necessary if best results are to
be obtained :—

(a¢) The crystal should be ground to work on a frequency of

3-5 megacycles per second.

(b) It should be cut from the crystal in such a manner as to

have a minimum temperature coefficient.

(c) The crystal should be selected so as to be free from

multiple frequencies of vibration.

(d) The crystal and the complete oscillator circuit should be

mounted in a temperature controlled oven.

(e) All supplies to the crystal oscillator should be maintained

constant.

The load on the oscillator should be constant, i.e., it
should be independent of the output of the main stages
of the transmitter. [or this reason the output is fed
through a buffer or separator stage which is very lightly
lqaded.

Quartz crystals can be manufactured for frequencies up to
10-20 megacycles per second, but such crystals are very difficult
to manufacture and delicate for use. DBest results are obtained
from crystals ground for frequencies of 3-5 megacycles. Ire-
quencies above this can be obtained by frequency multiplication.
The waveform of the crystal oscillator output is distorted in a
succeeding stage and the second or third harmonic selected.
This process can be repeated if necessary.

Q. 1. Explain what is meant by a single sideband suppressed
carrier radio-telephone system. Give a schematic diagram of
the apparatus necessary at the transmitter for the production
of this type of emission. Mention any advantages of the system
for long waves and for short waves.

A. 7. A modulated wave I, may be represented by the
equation I. sin wct (1 + m cos wpt) where I is the amplitude
of the carricr, m x 100 is the percentage modulation and wc
and wp are 2ir times the carrier and modulation frequencies
respectively.

This may be expanded as follows :—

Im = I¢ sin wet (I + m cos wpt)
= l¢ sin wt + —1;7 I¢ sin (we + wp)t + 121 Ic sin (we — wm)t.

The first term represents the carrier and the last two terms
are known as the upper and lower sidebands respectively. Each
of these sidebands contains all the elements of the modulating
wave m cos wm¢. Thus the suppression of the carrier and one
sideband and the transmission of the other sideband alone is
sufficient for the transmission of intelligence. Such a system
is known as the single sideband suppressed carrier system. A
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(f) The oscillator output must have an inappreciable har-
monic content, or poling changes and errors due to the harmonic
may be experienced.

The sending element is therefore required to act as a 600-
ohm generator with constant generator voltage, as shown in
sketch (a). This condition is realized by employing an L. or T

1-1-29ImA AN s s
-------- Oscilfator n, § =—600a —biine
3004, }
e.1549V £:07746 V" SL0OR
] 1
. Oscillator N, 3 «—600a —=toline
3004 i J

(@) (b)

network of pure resistances which will introduce a loss between
the terminals connected to the oscillator and those connected
to the line (sending terminals) such that the output current to
line is only about 2%, of the output current from the oscillator,
i.e., the network is designed to have an impedance of 600 ohms
with high attenuation, say in the order of 20 db. In practice,
therefore, the sending element is of the type shown in sketch (b).
A milliammeter is usually associated at the inputs to the net-
works for checking the sent power.

The arrangement of the set for sending power to line,
measuring the voltage received across 600 ohms at the distant
end, and calibrating the detector are indicated in sketch (c).

Sendine
Elem

~ § Line .\"\.\

e T
N Detector

Elemaent

(C) % .- >\Vﬂown Igss for
- Calibration of Detector

If under the calibration conditions, the 600-ohm resistance
is disconnected, the voltage, in accordance with transmission
theory, will be doubled and the detector will indicate high by
6 db. (approx.). If level measurements are made, the set
will only give correct indications of the power passing the
point if the line is of 600 ohms impedance and if the level is
required in terms of 1 mW in 600 ohms, it is necessary to
employ a correction factor in terms of the set and line
impedances. In the case of transmission measurements, how-
ever, lines, etc., are measured with 600-ohm terminating
impedance and the reflection at the sending and receiving ends
of the line is not appreciable. The line impedance can be
double the set impedance, introducing an error, in sent power,
of not more than 0.5 db. Transmission measurements, there-
fore, are not normally corrected for impedance.

Q. 5. Compute for a frequency of 196 cycles per second the
propagation constant, attenuation and phase (wave-length)
constants, the velocity of propagation, the wave-length, and the
characteristic impedance of a small gauge non-loaded cable
circuit having the following constants per mile :—resistance
176 ohms; capacity 0.065 microfarad; inductance and leakage
conductance both negligible, (35).

A. 5. y = (juCR)? = (wCR)? /45°
p e (S (R
B=a= :2%5 }
V-t
A= lf’.* = 3}
- !

Note: The use of a slide rule is permissible. In the follow-
ing working with 4-figure logs, the answers are a few per cent.
more accurate :—

2r x 796 = 5000 radians per second

0w =
wCR = 5000 x 0.065 x 10-% x 176 = 5 x 0.065 x 176
(wCR)} = 0.2302
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y = 0.2392 /45°.
B = 0.1691 népers.
a = 0.1691 radians per mile.

5000 .
Vv = o160 = 29560 miles per second.
6.2832 :
A= o601 = 37.15 miles.
(&) = Gom o)
oC ~ \ 5000 x .065 x 10—6)

= 103( 176 )* = 108 x 0.7358
325
Z, = 735.8 ohms \45°

Q. 6. State the overall transmission losses permitted in the
individual circuits which may be associated to form the con-
nexion between any two subscribers’ telephones, and give a
general indication of the type and composition of the lines pro-
vided for the various classes of traffic. (35).

A. 6. The country is divided into zones, and the zones into
groups. Calls between subscribers in different zones normally
circulate over lines between the zone centres. Circuits there-
fore radiate from each zone centre to its group centres, and
from group centres to the minor exchanges. Some exchanges
are dependent upon the minor exchanges for access to the group
centre. Multi-exchange areas are usually group centres. In
addition to this system of circuits radiating from traffic centres,
a number of exchanges have direct communication with one
another. Finally, there are local calls between subscribers on
the same exchange.

The transmission standard which will ultimately be realized is
a loss not exceeding 15 db. in the chain of connexions between
any two subscribers’ exchanges. This loss is apportioned as
shown in the straight-line diagram, in the case of calls which
involve the use of the maximum number of links. When an

D M ¢ Z z G M D s
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exchange has not another exchange dependent upon it for access
to the group centre, the loss between M and G may be 4.5 db.
Circuits directly connecting group centres will be 3 db.
Circuits, radiating from G to exchanges M. for traffic confined
entirely to a multi-exchange area, may be 6.5 db.; these are
additional to the more efficient circuits which are required for
through traffic. Circuits directly connecting minor exchanges
and used only for traffic between those exchanges will be 12 db.

The circuits between zone centres will be 4-wire repeatered
circuits on 20-1b. conductors loaded 120/1.136 and associated
with echo suppressors.

Circuits between zone centres and group centres will normally
be 10-1b. or 20-1b. 4-wire amplifier circuits. The type of con-
ductor, whether it is non-loaded or loaded 120/1.136, the spacing
of amplifier stations, the use of terminal amplifiers, etc., are
matters dependent upon the length of the circuits and an
economic study in each case. 10-lb. loaded conductors are
usually provided when the distance between amplifiers is 14 to
30 miles, and 20-1b. loaded conductors for distances in excess of
30 miles.

Junctions will normally be provided by 6%, 10, 20, or 40 Ib.
non-loaded cables, or 10 or 20 Ib. cables, loaded 120/1.136, the
type being dependent upon the allowable transmission equiva-
lent.

The subscribers’ lines are 6%, 10, and in some circumstances,
20 1b. non-loaded cable conductors, or 10 Ib. cable conductors
associated with 40 lb. bronze or cadmium copper aerial wires.
The lines must comply with resistance limits assigned to each
exchange area on the basis of realizing a standard grade of
transmission from the subscriber’s telephone to his local
exchange.

Q. 1. State Thévenin’s (or Pollard’s) theorem. A generator
with an internal impedance of 600 ohms, and a generated
electromotive force of 1.55 wolts, is connected to the input
terminals of a T network having 100-ohm series arms and a
1,000-ohm shunt arm. A 600-ohm load is connected to the
output terminals. Determine from Thévenin’s theorem the
equivalent generator which can replace the network and actual
generator without changing the current in the load. (35).




A. 7. The current in any impedance Z connected to two
terminals of a network, is the same as if Z were directly con-
nected to a generator whose generated voltage is the open-
circuited voltage at the terminals in question and whose
impedance is the impedance of the network looking back from
the terminals, with all generators replaced by impedances equal
to the internal impedances of these generators. (Everitt).
To find, by Thévenin’s theorem, the generated voltage e, and
internal impedances Z, when Z, = 600Q2, Z, = 100Q, and

R+ jul

= —_— h ..................................... l

Zo = NG 1 juc O M
R C G L

B = > 1. + o \/—C/népers ........................ 2)

Equation (1) shows that Z, is increased when L is made
greater, and equation (2) shows that the attenuation per mile
would not be reduced appreciably by loading if G be great.

Z, = 1000Q
Q. 9. Show by means of curves how, in a typical case, the
I Za Za b Z Z I effective resistance and the reactance vary with frequency for
2 2 2 Z, each of the following :—
! 2, ! ' 2y =2, 2, (a) a coil-loaded cable circuit with the first coil at half
8 &l section,
(b) one which begins with a half coil followed by a full
(a) (o) fc) section,
. (c) a non-loaded cable circuit,
— L (d) a simple low pass filter. 40).
1, T T (d) P pass fi (40)
Z,+7, + 2.+ Z, ¥ Z, A.9. The curves are given below.
2 a
S v 2000
T2, +2,+ 2, 2
U2 S
= (Zl + Zz)(Zx + Zz + Zn) + Zs (Zl + Zz) 1000 4 N
EFFEC. | “~o RESIS Te—a
Z(zZ, +Z) _-. ; 15 Tm————e : T
Z,=2,4+ o5 22— internal impedance RESIS | ST e 3000¢.pS. 1000 2000 3000 ¢.ps.
¢ ? Z,+2,+ 2, of the equivalent o 1000 2000 3o0ocp 0 L -
generator. NEG. == NEG.
e, =12, +Z) REACTANCE. REACTANCE.
Z(2,+Z,) Cut OF 1000 |
ez 2B 1000 J e o
T @+ ZNZ +Z, +2)+ 2, (Z,+ Z,)
= elZJ . .
- 7 a) Loaded line 20-1b. 120/1.136 (b) Loaded line
Z,+2,+12, (@) 20-1b. 120/1.136 } coil.

= open circuited voltage of the equivalent generator.
1000 (100 + 600)

Z, = 100 + — 10— = 100 + 411.8
= 511.8 ohms.
1.55 x 1000
&= oo = 0.912 V.

O. 8. Give a physical explanation of the increased character-
istic impedance and reduced attenuation constant.of a line when
it is loaded. (35).

A. 8. The general effect of artificially increasing the induct-
ance of circuits by continuous or coil loading is to increase the
impedance, reduce the angle of the impedance, and decrease
the attenuation. The large negative angle in the case of the
impedance of an unloaded cable circuit signifies that the
rapidly attenuating voltage along the line will be charging the
dielectric, the capacity effect being so much greater than that
of the inductance that the energy stored in and released from
the magnetic field around the conductors is very small com-
pared with the energy in the electrostatic field between the con-
ductors. For a given applied voltage, there is a high and
rapidly attenuating current, and high power dissipation in the
conductor resistance ; when inductance loads are added, the
current will be smaller and the voltage higher, tending to
balance the dissipation in conductor and dielectric. The in-
ductance provides for higher magnetic flux and this changing
flux in turn generates voltage to sustain the current. This
advantage of higher voltage would not be gained if the leakage
conductance were appreciable, but in the case of cable circuits
leakage conductance is usually negligible. In lines which are
electrically short, such as power lines, the impedance of the
circuit is largely dependent upon the terminal impedances and
transformers are employed to raise the line voltage and lower
the line current, so as to reduce the line losses which depend
upon the square of the current traversing the line. In telephone
lines, however, which are longer electrically, the impedance is
substantially independent of the closing impedance, and trans-
formers cannot be employed to effect similar power conversions.
The formul® for Z, and B in the case of loaded lines at fre-
quencies where the inductance may be regarded as uniformly
distributed, that is, below about 0.6 of the cut off frequency, are

1 section.
(¢) Non-loaded 20-1b. line shown dotted in (a) and (b).

Resistonce ‘/Nega[ive Reoclonce

Mid Shun{.’ Mid Shunt
2000 o~ Positive Reactonce
R of Series Ekgment.
Negatiry £
a Reactance®,
of Shunt N\ Positive
Element. Reactance
/000 Mid Series .
1000.0
(/Ioanho/ p4 )
[o} cps.
f Transmission —|
Bond. {
Cut OF
Freq.

(d) Low pass filter.

Q. 10. Derive expressions for the ratio of wvoltages and the
ratio of currents in the initial and reflected waves at the end of
a line where it is terminated first with its characteristic im-
pedance Zo, and then with another impedance Zry.

Describe how the full reflection of an electric wave occurs
when a line is (a) open-circuited, and (b) short-circuited. (40).

A. 10. Let Eg be the open-circuited voltage at the end under
consideration. Then, by Thévenin’s theorem, where Egg and
Iro are the voltage across, and current in, Zg and Egr and
Irr are the voltage across, and current in, Zn,

Eo
Iro = 2Zo ' Irr = Zo + Zr
1 1 Eo [ Zo — Zr
o~ 1x0 = Eo (704 7, ~ 275 ) = 20 (205 20 )
Trr — Iro _ Zo — Zr
Iro Zo + Zy

Similarly, Ero = Eo ; Ere

Zy
— E T
2 O(ZO+Z’1‘)
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Eo Eo 2Zy
Bax — Bro = — 7 + 5 (2,4 27)
_ Eo(2Zy —Zo — Zy
T2 Zo + Zp )
Eo Zy — Zo
=2 \Z+ ZT)
ie. E reflected I reflected Zo — Zp
* E initial I initial =~ Zp — Zo

In an infinite uniform line there is no reflection, the ratio of
effective (or maximum instantaneous) voltage and current at any
point in the line being Zg. If the line be open-circuited or short-
circuited, the energy normally transmitted at that point, i.e.,
half in the magnetic field and half in the electric field, cannot
be expended or, at telephone frequencies, radiated into space.
There must therefore be full reflection of energy in either of
those conditions. In the open-circuited case, there can be no
current at the immediate end of the line, i.e., the magnetic
field collapses, and in the short-circuited case there can be no
voltage, i.e., the electric field collapses. The collapsing mag-
netic field produces a voltage equal to, and of the same sign as,
the incident voltage, i.e., the voltage is doubled. Similarly, in
the other case the current is doubled. It should be understood
that it is the difference between the open-circuited and incident
voltages which is re-transmitted, and, similarly, the difference
between the short-circuit and incident currents.

Q. 11. Describe how speech currents are transmitted over a
2-wire repeatered circuit. State the impedance relations in the
repeater which are necessary for the efficient transfer of power
from the wvalve to the line, for the prevention of reflection of
waves arriving from the line, and for the prevention of singing
effects.  (40).

A. 11. A 2-wire circuit repeatered at two points is shown
schematically in sketch (i). The lines a, b, and ¢ are usually

work; Zo, anode of valve; Zp, input to amplifier. For
effective transmission from valve to line, sketch (a), the trans-
former must match impedances Zg and Zj + Zy; for the
maintenance of equal and opposite output currents in Zj, and
Zy, also sketch (a), Zy, = Zx and the number of turns on the
four series windings must be equal. To prevent terminal
reflection, the input impedance viewed from the terminals,
sketch (b), must be made equal to Zy. The impedance of the
repeaters is a function of the impedance of the input and output
impedances, Zy and Zo, of the amplifier elements and is usually
600 ohms. Line transformers are therefore employed to match
the line and repeater impedances.

Q. 12. Derive equations for the propagation constant and the
characteristic impedance of a line having uniformly distributed
primary constants :—R ohms; L henrys; G mhos; and C
farads per mile. (40).

A. 12. At o = 2af, let the series impedance per unit length
= R + jwL and the shunt admittance per unit length be
G + jwC. A finite length of line terminated with the
characteristic impedance has the trans-
mission characteristics of the same
length of line when part of an infinite
line. Unit length of line may be repre-
sented by a large number of networks,
or short sections of line, having localized
instead of distributed constants, which
collectively have the transmission characteristics of unit length
of line. Let each network be of the symmetrical T type, as
shown in the sketch. The impedance of the input terminals
of one network, when the output terminals are closed with the
impedance of all the other networks connected in tandem,

i.e., Z,, is also Z,.
2(5 +2)

Z+-‘+Zo

n \...

2
zZ2
Z, = \/lez-*- T: .............................. (1)

If the number of networks representing unit length
of line is n,

).

20-Ib. or 40-lb. loaded pairs having a cut-off frequency of
2,700-3,400 c.p.s. The impedance of lines a and c, respectively,
measured from the repeater termination, is simulated by balanc-
ing networks N, and N,. Each repeater comprises two
amplifiers, A A, or A;A,. The differential transformers, T,, T,,
T,, and T, are maintained in a balanced bridge condition by the
line and network impedances. Filters are introduced at
F,, F,, F;, and F, to prevent the transmission of higher fre-
quencies at which effective balance between line and network is
impossible. In sketch (ii), the arrows with triangular heads
show the direction of the speech currents amplified by the
respective amplifiers. The function of the differential trans-

(i).

formers T, etc., is to confine transmission to those paths and
prevent the circulation of currents in the paths indicated by the
ordinary arrows. Smooth impedance characteristics for the
lines, and the correct matching of lines and terminating
impedances, are necessary to prevent reflection in paths, some
of which are indicated by dotted arrows.

In sketch (iii), (a) and (b), are shown a differential trans-
former and associated impedances which are Zy, line ; Zy, net-

2, Zo

(iii).

=Ziz,= g \/Y ( )

For this to be true, n must be made great and in the limit

R +]wL
G+]u)C

expressed in terms of the series impedance and shunt admit-

tance per unit length.
The current ratio per network, representing magnitude and

phase, is, from (1)

Z+ -+ Z,

[

Z,= \/-32(4 = characteristic impedance =

- Z, Z,  Z?
‘1+?z',+\/z, tazz

¥, per small section, .'ll_ = log, [1 + ZAZl, ]

+\/z (22)

Substituting in (2) the proportlon of Z and Y respectively,

zZY
=1+ 55 + (2n2>

zZY 1 zZY
=1+ 57 +,T\/ZY (‘ + "4;2)

As n is made great, in the limit,

e7”=1+v@

loge(1+a)=a—%2+93—3— ......

loge(l+—‘/~f—y J_f.-_%+
om = VZY

n

' = ¥VZY = ¥(R + juL) (G + juC)
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