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CITY AND GUILDS OF LONDON INSTITUTE 
Questions and Answers

Answers arc occasionally omitted or reference is made to earlier Supplements in which questions of substantially the same form, together with the 
answers, have been published. Some answers contain more detail than would be expected from candidates under examination conditions.

LINE PLANT PRACTICE B 1979

Students were expected to answer any 6 questions

QI Describe, with the aid of sketches
(a) how wellpoints are used to lower the water table of the ground in 

which a manhole is to be constructed, and
(b) the details of the valve system of a wellpoint.

AI (a) To lower the water table of the ground before a manhole 
excavation is made, a number of wellpoints are sunk into the ground 
around the proposed site. The wellpoints are sunk by first removing 
the hard paving and foundation material where necessary to expose 
the soil, placing the tube vertically in the hole and pumping water 
down the tube under pressure.

The jet of water erodes the soil below (he tube, which normally 
sinks under its own weight. In difficult soils the jetting is assisted by 
rotating the serrated cutting edge. In cohesive soils it may be necessary 
to clear a space for the soil to be washed out by using a chain to 
enlarge the hole. The chain hook is disengaged by lifting the tube 
slightly and the chain can then be withdrawn on completion.

The space around the tube is filled with a granular soil to act as a 
coarse filter and the wellpoint can then be connected to the inlet of the 
pressure pump and used as a water source for sinking other wcil 
points. When all wellpoints are in position they are connected to a 
common header pipe and this in turn is connected to a suitable size 
suction pump. As pumping continues, the water table is lowered as 
shown in sketch (a) leaving the excavation site dry.

(a)

(b) Details of the valve system are shown in the sketches (b) and (c). 
During jetting the ring valve rises and closes-off the passage from the 
filters to the tube and directs water downwards past the ball vaive 
which opens. When suction commences the ball valve is drawn up and 
seals off the water inlet through the base of the wellpoint. The ring 
valve falls and opens the route through the three filters which consist 
of a fine mesh sandwiched between two coarse filters. The water is 
then sucked away from the excavation and deposited elsewhere.

Q2 (a) Describe, with the aid of a diagram, the double-ended Varley 
test for locating a low insulation resistance fault on a length of cable.

(b) In a test on a cable pair 5 km long, the near-end and distant-end 
readings were 170 ii and 110 £1 respectively. How far was the fault from 
the near end?

A2 (a) The equipment required to carry out a double-ended Varley 
test consists principally of two Wheatstone bridges, one connected at 
each end of the cable under lest. The sketch shows the circuit 
arrangements and the test is made as follows.

(i) The line is charged up from the near-end battery by putting 
key KA in the charge position. Key KB is left in the isolate position. 
The line is short-circuited at the far end by inserting plug P2. Plug Pl 
is not inserted at the near end.

(ii) The bridge resistor at the near end (Rp is adjusted to give zero 
deflexion on the galvanometer. When the zero reading is constant the 
value of R, is recorded.

(Hi) A similar test is made at the far end by putting key KB in the 
charge position, and key KA at the near end in the isolate position. 
Plug P2 is removed and PI inserted. The far-end bridge is balanced 
and the value of resistor R„ recorded.

These tests are repeated several times to obtain accurate mean 
values for R^ and Rb. The distance to the fault is calculated from the 
following formula:
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LINE PLANT PRACTICE B 1979 (continued)
Q4 A3 mm diameter steel suspension wire supporting an aerial cable 
is to be erected on a pole route. The stress on the wire must not exceed 
500 MPa and the maximum dip allowed is 550 mm. The cable and wire 
together weigh 4-8 N/m. Calculate the maximum lengths of span that 
could be used along the route.

A4 If the diameter of wire is 3 mm then the tension (T) in the wire 
if limit of stress is 500 MPa becomes

T= 500 X tt x 1-52N, 
= 3534-3 N.

If span length is L the weight of the cable and wire is w and dip (d) 
is 0 -550 m

8 x d

y ,k*L 
' R4 + Rb'

Where X = distance to fault from near end in kilometres, 
R„ = near-end Varley reading, 
Rtl = far-end Varley reading, and
L = length of cable in kilometres.

(b) Substituting the given values: R4=170iL Rb = 110 fl, 
L = 5 km gives

v 100 X 5 . . n, .
170 + H0km 196 km'

Thus, the fault is 1 -96 km from the near end.

Q3 A T 83 km loading section of audio cable has been laid.
(a) Draw a diagram showing where the systematic and test-selected 

Joints in the loading section of cable would be located.
(b) Describe how the final Joints would be made in the cable section 

length.
(c) Compare the effects of systematic jointing with that of test 

selection.
(d) Draw up a typical systematic jointing schedule for a 14-pair quad 

cable.

A3 (a) The diagram is shown in the sketch.

10AÛING 
POINT

LOADING 
POINT

■046 km

'SYSTEMATIC JOINTS

LOADING SECTION 
-------1-03 km---------

(b) Referring to the diagram, test-selected joints will be made first 
at MN and ST and then the complete section will be connected to­
gether by making the final test-selected joint at PR.

(c) The use of systematic jointing is sufficient to compensate for 
the quad-to-quad unbalances throughout the loading section, while 
test selected jointing is used to eliminate within-quad unbalances. The 
object of test selection is to connect together quads in such a manner 
that the within-quad unbalances of adjacent sections cancel out.

(d) The table shows a typical systematic jointing schedule for a 
14-pair quad cable.

" ■■ 1 Up-side 
quad No.

Down-side 
quad No.

Centre 1 2

2 4
3 6

First 4 i
Layer 5 3

6 5
. 7 7

Thus, L2

48 x ¿2
8 x 0-55 3534-3N.

3534-3 x 8 x 0-55 
4-8 3240.

Limiting span = V324O — 56'92 m.

Q5 With the aid of sketches describe a method of loading an aerial 
cable using a loading case with twin stubs and an auxiliary pole mounting.

A5 The auxiliary pole is mounted close to the main pole and the 
loading pot is mounted on a platform between the two poles. The 
auxiliary pole should be of approximately the same diameter as the 
line pole to ensure that the arms forming the platform are parallel. 
The auxiliary pole can be mounted either in front of the line pole or 
alongside it depending on the layout of the route.

The sketch shows a detailed layout of a loading pot mounted 
between two poles in line with the route.

Q6 A cable consists of four 1 • 2/4 ■ 4 A coaxial pairs and five 0-63 mm 
pairs.

(a) Draw a cross-section of the cable showing layout and numbering 
of the pairs.

(b) Give a table of colour-code marking of the 0-63 mm pairs.
(c) Using a sketch describe the make up of one of the coaxial pairs.

A6 (tz) A cross-section of the cable is shown in sketch (a).



LINE PLANT PRACTICE B 1979 (continued)

(a)

The main parts of a theodolite are as follows:
(i) telescope,

(ii) levelling head,
(Hi) lower and upper plates,
(rv) vertical measuring circle and standard,
(v) bubble tubes,

(vi) clamp and target screws, and
(vii) supporting tripod.
(b) The theodolite is set up at a measured distance from the base of 

the mast and then the telescope is ranged on to the centre of the aerial 
dish. The angle of elevation is read from the vertical scale from whence 
the height can be calculated from

height = base x tangent of elevation angle.

(6) The colour-code marking is shown in the table.

Pair No. Colour Marking

Centre pair 1 Green 1. II-
2 Orange 1, II-

Interstice pairs 3 Orange Ell, III!-
4 Blue 1,11-
5

..
Blue III. Illi-

(c) A 1-2/4-4 mm coaxial pair consists of a solid copper central 
conductor of 1 - 2 mm diameter enclosed in an outer cylindrical con­
ductor of 4-4 mm internal diameter. The outer conductor is supported 
concentrically with the central conductor by polyethylene discs equally 
spaced along the central conductor. Overall insulation between the 
inner and outer conductors is provided by a thin high density poly­
ethylene tape wound over the discs. To provide adequate mechanical 
strength and electromagnetic screening, the pair is bound with two 
layers of mild steel tapes. To insulate and identify the coaxial pair, 
two thicknesses of insulating paper tape having an identifying number 
printed on it are used. The make-up of the pair is shown in sketch (6).

Qi Describe five methods by which trunk and junction circuits can be 
provided in a telecommunications system.

A8 (i) Audio circuits. For short distance transmission where 
the loss is low, 2-wire unampiified circuits are used. When the trans­
mission loss of a line exceeds the maximum permitted for its particular 
use, amplifiers must be inserted in the circuit. Circuits up to 50 km in 
length can still be worked on a 2-wire basis, but when the length 
exceeds 50 km a 4-wire circuit must be used. A 4-wire circuit uses a 
separate pair of wires in the same cable for each direction of trans­
mission.

07) 4-wire carrier. Twenty-four channels are transmitted over 
each pair of a 24-pair PCQT cable, separate cables being used for each 
direction of transmission. It is possible to provide 576 circuits over the 
two 24-pair cables. Repeater stations are provided along the route 
with a maximum spacing of 25 km.

(Hi) Frequency-division multiplex (FDM). FDM systems em­
ploy two commonly used coaxial cables of 1-2/4-4 and 2- 6/9 5 size, 
separate pairs being used for each direction of transmission.

(4) Pulse-code modulation (PCM). PCM systems arc often 
used as an alternative to audio circuit provision. These systems enable 
24 or 30 channels to operate over two pairs of wires. Cost comparison 
as to which system to use cannot be made due to various uncertainties 
for long term forecast and is left until a more accurate short term 
forecast can be made. Other digital systems are used on trunk circuits 
over coaxial cables.

(v) Radio. Circuits provided by a radio link can often be far 
cheaper and easier to maintain where intervening terrain is difficult. 
Where large numbers of circuits are required on a main route the 
possibility of using a line-of-sight microwave radio link can be con­
sidered. The route is covered by a number of hops, and dish aerials 
are mounted on towers spaced at about 50 km intervals and receive 
the signals which are retransmitted in the required direction by further 
aerials on the same tower. The mast or tower spacing is governed by 
the frequency used, and the projected beam must clear intervening 
obstacles. The towers anti ancillary equipment are not cheap to con­
struct and transmission problems can arise. These must be set against 
the disruption caused by extensive digging to lay ducts and build 
jointing chambers.

Q7 (a) Describe, with the aid of sketches, the basic construction of a 
theodolite.

(b) Describe how a theodolite would be used to measure the height of 
an aerial dish mounted on a mast.

A7 (a) The essential features of a theodoliteareshowninthesketches.

Q9 Describe in detail four major factors which must be considered in 
the design of a foundation block for one of the masts supporting a 
rhombic aerial.

A9 This answer assumes that the foundation block is for a guyed 
mast, ball supported at its base.

(() The design will be based on peak working conditions usually 
associated with a “once-in-fifty-years” worst wind condition, together 
with a factor of safety of about 2 for the soil stresses and 3 for the 
steel and concrete.

(ii) The pressure per square metre between the foundation block 
and the soil on which it rests must not exceed the allowable bearing 
pressure of the soil.

(Hi) At no point beneath the foundation block must the pressure 
become negative. To achieve this the resulting centre of pressure at the 
block-to-soil interface must be located near to the centre of the block. 
In the case of a square or rectangular block this is within the middle 
third measured across the width of the block.

(fv) Due attention must be paid to the possibility of differential or 
unequal settlement which must be kept within limits.

(Q The depth of the foundation must be such that it is not affected 
by changes in the soil due to surface conditions such as frost, heat, 
rain or flooding, or excessively dry conditions. About 1 m is considered 
as the minimum. .

(ri) The interface between mast base and block must be so designed 
that the permissible bearing pressure of the concrete is not exceeded.
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LINE PLANT PRACTICE B 1979 (continued')
QIO A 50 Hz power line runs close to an overhead telephone line as 
shown in Fig. I. Fig. 2 shows the relation between mutual inductance 
and separating distance. To what value must the fault current be limited 
in the power line so that the induced longitudinal voltage in the telephone 
line shall not exceed 430 V?

A10 For the approach to this problem see A4, Line Plant Practice B 
1976, Supplement, Vol, 70, p. 46, July 1977.

The telephone line tn Fig. 1 has been divided into section I 2, 2-3 
etc. (not marked tn the question). If Si metres is the separation at the 
start of each section, Sj metres is the separation at the end of each 
section, M millihenrys/kilometre is the mutual inductance per unit 
length of each section, L kilometres is the length of each section, when 
projected onto the power line, the data given produces the following 
results:

Section Si 
(m)

$2

(m)

5i + Si 
2 

(m)

M 
(mH/km)

L 
(km)

ML 
(mH) 

+ —

1-2 200 28 114 0-53 0-06 — 0 032

2-3 28 0 14 0-90 0-06 0-054 —

3-4 0 94 47 0-70 0-23 0-162 —

4-5 94 140 117 0-52 0-02 '—' 0010

5-6 140 280 210 0-42 0-34 0 142 —

MUTUAL 
INDUCTANCE 

(mHJkml

QT ■

0 ---------------- 1---------------------- 1------------------ 1----------------- 1--------------------1----------------------- 1
10 20 50 100 200 500 WOO

SEPARATION (mi

Fig. 2

Total mutual inductance =■ 4-0-358 — 0-042 
= +0-316 mH

The induced longitudinal voltage induced the telephone line, E 
volts, is given by

E = 2nfMlI volts, 
where f is the frequency of the power supply (hertz), I is the fault 
current (amperes), and Ml is in henrys,

• i = —,
‘' 2stfMU

430
" 2n X 50 x 0-316 X 10"3'

= 4335 A.

LINE PLANT PRACTICE C 1979 
Students were expected to answer any 6 questions

QI (a) Explain what is meant by non-electrolytic corrosion.
(b) Describe briefly five of the forms of non-electrolytic corrosion 

that can occur on a lead-sheathed cable.

Al (a) Non-electrolytic corrosion is defined as a form of electro­
chemical corrosion in which the anodic and cathodic areas arc so close 
together that the flow of current between them is not measurable.

(b) (i) Local-cell effects which are due to nun-uniformity of the 
lead surface or to impurities embedded in the lead.

(ii) Differential aeration effects in which corrosion occurs on those 
areas of lead sheath to which the access of oxygen is restricted.

(Hi) Drop corrosion, which is a variation of the differential-aeration 
principle.

(/v) Crevice corrosion is another variation of differential aeration.
(r) Scratch corrosion is where the oxide film is damaged and the 

exposed lead becomes anodic to the rest of the surface.
(vf) Phenol corrosion sometimes occurs on hessian-protected cables 

and is attributed to the denudation of bitumen from the lead sheath 
by pressure al points where the threads of the hessian tape cross each 
other. Microbiological action forms acids in the hessian tape which 
attack the lead at the bitumen-denuded points. The result is a large 
number of pits forming a distinct spiral pattern on the lead sheath.

(vii) Acid corrosion brought about by the electrochemical action of 
many acids which attack lead and form acid salts. Lead with acetic 
acid, in the presence of carbon dioxide, produces basic lead carbonate.

Q2 (a) Define the term Poisson’s ratio.
(b) A steel bar is subjected to a pull of 11 kN. If the bar has a 

rectangular cross-section of 48 mm by 10 mm originally, and assuming 
E —- 200 kN/mm2 and Poisson’s ratio m — 10/3, calculate to five 
decimal places:

(i) the decrease in the length of the sides of the cross-section of the 
bar, and

(ii) the reduction in area, expressed as a percentage of the original 
cross-sectional area.

A2 (a) When a longitudinal stress is applied to a bar of elastic 
material, the resulting longitudinal strain is accompanied by a lateral 
strain causing a change in cross-section. The ratio of longitudinal 
strain to lateral strain is constant within the elastic range of the 
material, and is known as Poisson’s ratio.

(b) (i) Longitudinal strain — TiEA, where T is the tension (in 
newtons) and A is the cross-sectional area of the bar (in metres2). 
Thus,

11 x IO3 
StTam ~~ 200 x KF x 48 x 10 x 10

= 0-0001146.
, , . longitudinal strain
Lateral strain - „ ........, .. .

Poisson s ratio
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LINE PLANT PRACTICE C 1979 (continued)
3 x O'0001146

10 = O'00003438. (Hi) 25% overstress permitted, and
(iv) no allowance made for impact under the wheel loads.

Therefore, the decrease in the 48 mm side
= 48 x 0-00003438 = 0 00165 mm.

The decrease in the 10 mm side 
= 0-00034 mm.

(ii) The new area of cross-section
= (48 - 0 00165) (10 - 0 00034), 
= 479'96718 mmL

The decrease as a percentage of the original
480 - 479-96718

480 100% = 0-00684%.

Q3 Write an account of the method of using standard traffic loadings 
for determining the maximum traffic loads which have to be considered 
in the design of underground jointing chambers.

A3 The maximum traffic loads that have to be taken into account in 
the design of jointing chambers are determined by using axle loads ¡aid 
down by the British Standards Institute (BSI). There are two types of 
standard loading specified by the BSI: normal loading and abnormal 
loading. Each type of loading is derived from a consideration of the 
wheel loadings of hypothetical vehicles.

Normal loading approximately represents the effect of three vehicles, 
each of 220 kN and closely spaced, in each of two carriageway lanes, 
followed by 100 kN and 50 kN vehicles. The loading effect of these 
vehicles is interpreted either as a uniformly distributed load combined 
with a knife-edge load, or as individual wheel loads where small 
surface areas are involved. For normal highway loading, as in the 
former case, the uniformly distributed load is dependent upon the span 
length under consideration. Abnormal loading is a unit loading 
representing a single abnormally heavy vehicle. The plan and axle 
arrangements of the vehicle considered to represent abnormal loading 
in the UK is shown in the sketch.

In the application of standard loadings, normal loading is taken to 
occupy one carriageway iane and to be uniformly distributed over the 
full width of the lane. Two carriageway lanes are considered to be 
occupied by full normal loading and any other lanes are considered to 
be occupied by one third of the full lane loading.

The standard loading of the BSI specifies the following load require­
ments for bridges according to the class of road carried.

(a) Bridges carrying motorways and trunk roads shall be designed 
to carry normal loads and shall be checked for one lane carrying 
abnormal loading whilst ail other lanes carry one-third of the normal 
loading.

(b) Bridges carrying Class-I and Class-II roads shall be designed for 
normal loading and shall be checked for one lane carrying five-sixths 
of abnormal loading with all other lanes carrying one-third of normal 
loading.

(c) Bridges carrying Class-Ill roads shall be designed for normal 
loading. No allowance is made for abnormal loading on Class-Ill 
roads.

Consideration of the specification for bridges enables structural 
members of all sizes to be designed. For large load-carrying members, 
the loadings approximate to uniform distribution and have been con­
verted into standard loading curves but, for slabs which are supported 
on all four sides in such a way that the distance between supports in 
one direction is less than twice the corresponding distance in the other, 
the loading curves cannot be used and individual wheel loads must be 
considered. Where individual wheel loads are considered, the following 
conditions are specified:

(i) two wheel loads, each of 112 kN, in line, transversely spaced at 
0-9 m centres and having a contact area of 375 mm x 75 mm, the 
smaller dimension being in the direction of travel,

(ii) dispersal under the wheel loads taken as 45’,

Q4 (a) Describe, with the aid of a diagram, a bridge test which can be 
used to locate a fault which has lowered the dielectric strength of a 
coaxial pair in a cable.

(b) What safety precautions must be taken when carrying out this test ?

A4 (a) and (b) See A8, Line Plant Practice C 1974, Supplement, 
Vol. 68, p. 81, Jan. 1976.

Safety precautions must be observed during the test because of the 
high voltages involved. Care must be taken to ensure that no one 
touches the equipment, the cable conductors or the connexions during 
the test, and that the terminal equipment and power supplies are 
disconnected at the conclusion. After the test, a neon tester should be 
used to ensure that the cable is fully discharged.

Q5 A pole route consists of 9 m poles set 1 ■ 5 m into the ground and 
spaced 70 nt apart. An aerial cable is to be erected on the poles and 
supported in brackets mounted 0-75 m from the top of the poles. The safe 
moment of resistance of a medium pole is 15 5 kN m.

(a) What would be the maximum diameter of the aerial cable erected 
if the relation between wind pressure and diameter of cable is given by 
P = 0- 358d/metre, where P is in newtons and d in millimetres ?

(b) Calculate the wind pressure on one span of cable.

A5 (a) The force acting on a pole is the wind pressure exerted on 
35 m of aerial cable each side of the pole. Thus, the moment of 
resistance

= 70 x O-358r/ x (9-0 - 1-5 - 0-75) N m.
But the maximum moment of resistance of the pole is given as 

15-5kN m.
Thus, equating gives

15-5 x 103 = 70 x 0-358c/ x 6-75.
Therefore, the maximum diameter of aerial cable is

15-5 x 103-------„ „„---- >•••— = 91'63 mm.70 x 0-358 x 6-75 -------------
(b) Wind pressure

= 0-358 x 91-63 x 70 N = 2 3 kN.

Q6 Tig. 1 shows a network drawn up for the critical path analysis of a 
project. The time units are in days.

(a) From the network, draw up a table to show all the possible paths 
through the network and the total time for each path.

(b) Draw a network diagram with day numbers inserted for each 
activity, having applied the forward and reverse passes.

A6 (a) The table shows the possible paths through the network and 
the total time for each path.
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LINE PLANT PRACTICE C 1979 (continued)

Path Duration

1, 2, 3, 4, 5, 9, 10
1, 2, 3, 4, 8, 9, 10
1, 2, 3, 5, 9, 10
1, 2, 6, 7, 8, 9, 10
1, 2, 6, 7, 9, 10
L 2, 9, 10

2 + 2+1+0 + 6 + 2=113
2 + 2 -I- 1 +0 + 4 + 2=11
2 + 2 + 2 + 6 + 2 = 14
2 + 4 + 1 + 3 + 4 + 2= ¡6 
2 + 4+1 +2 + 2 =11
2 + 6 + 2 =10

(b) The network diagram in the sketch shows the day numbers for 
each activity, having applied the forward and reverse passes.

wL2 9w
IT T

but this must equal M,. Therefore

K> =
16'336 X 8

9 “ = 14 52 kN/m.

Q8 (a) Give details of various lubricants which could be used when 
pulling polyethylene-sheathed cables into ducts, and the effect they 
would have on the coefficients of static and dynamic friction in both 
P VC and glazed-earthenware ducts.

(b) What effect does the reduction of friction between cable and duct 
have on the economics of cable installation?

(c) Derive the relationship between the limiting pull (N) in newtons 
on a cable, the number of pairs (n) and the diameter (d) in millimetres 
of each conductor if the stress on the conductors must not exceed 30 MPa.

A8 (a) and (h) See A2, Line Plant Practice C 1973, Supplement, 
Vol. 67, p. 81, Jan. 1975. '

(c) The cross-sectional area of the cable core

The limiting stress on the cable, 30 X 106
IV ,= .s . ----- -  pascals.■nd2 X 2n , ------ -----  x IO6 4

., 30 x nd2 x 2n „N =--------- ;---------:= 4Td2n newtons. 4------------- ---

Q7 (a) Define the term economic percentage of steel in a reinforced 
concrete beam.

(b) A double reinforced concrete beam has dimensions and steel 
reinforcement as shown in Fig. 2. Calculate the maximum uniform load 
this beam will support across a 3 m span. The stress in the steel must 
not exceed 130 MPa and in the concrete not exceed 7 MPa.

Q9 (a) Describe a method of providing a telephone-exchange earth 
using deep-driven earth-rods.

(b) The resistance of a single earth-rod is 48 12. By reference to Fig. 3, 
determine how many earth-rods will be needed to make the earth system 
8 12. Assume a spacing/rod ratio of 1.

(c) How can the life of earth-rods be increased from about 15 years 
to 50 years ?

20 mm DIAMETER BABS

Fig- 2

ALL DIMENSIONS 
lit MILLIMETRES

A7 (a) In a reinforced concrete beam where the stresses in both the 
steel and concrete have reached their maximum allowable values, the 
steel used is called the critical amount or, expressed as a percentage 
of the cross-sectional area of the beam, the economic percentage.

(b) In a double reinforced beam, the concrete accepts no force at 
all; thus the neutral axis is equidistant from the top and bottom of the 
beam. The resisting moment offered by each flange is/,+,x, where f, 
is the stress in steel, At is the cross-section area of steel in either flange, 
and x is the distance of the steel from the centre of the beam. Thus, the 
total resisting moment (M,) = fAfix. Substituting the given values,

„ 130 x A, X 2 X 100 XTMr =---------- ~-----------N m,

130 x w x 107 x 2 X 2 x joo
103

16'336 kN m.

Let the maximum uniform loading be w newtons/metre. If the span, 
L, is 3 m, then the total load is 3w newtons. The maximum bending 
moment for uniform load is

Fig. 3

A9 (a) See A10, Line Plant Practice C 1974, Supplement, Vol. 68, 
p. 82, Jan. 1976.

(b) For a single rod, the resistance is 48 12, and the earth system is 
required to be 8 £2. Thus, 8 12, as a percentage of the single-rod 
resistance

„ L1.122 = i6-7y
48 /o’

Using Fig. 3 and a spacing/Iength-of-rod ratio of 1, the number of 
rods required is a minimum of 10.

(c) Coating steel earth rods with copper increases their life con­
siderably.
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LINE PLANT PRACTICE C 1979 (continued)
Q10 (a) Describe, with the aid of a sketch, a concrete stay-anchor 
block suitable for use with a 100 m stayed mast.

(b) A square-sided concrete block is used for one leg of a self-supporting 
tower foundation. The depth of the block must not exceed 3 -85 m and 
the density of concrete is 2200 kg Im3. Calculate the size of the block 
which would be required to withstand an uplift of 985 kN if the factor of 
safety is to be T 5.

A10 (a) The sketch shows a typical design for a concrete stay­
anchor block for use with a 100 m stayed mast. A horizontal restraining 
force required to oppose the effect of wind and aerial loads on the 
mast is provided by the tension in the stay. Thus there are horizontal 
and vertical force components on the stay-block, the former tending 
to overturn the stay-block and the latter lifting the block out of the 
ground. The stay-block is designed so that the line of the stay will, if 
extended, pass below the centre of gravity of the block. Uplift is 
restricted by the weight of the concrete and of the overlying earth, and 
suction between the block face and the earth below. The horizontal 
shearing force is resisted by the internal friction of the soil and by its 
cohesion. For a sandy soil, resistance to shear is almost wholly pro­
duced by internal friction, but, for a clay soil, resistance is mainly by 
cohesion. A mixture of both is expected for other soils.

(b) The volume of the block is 3 • 85S2 metres3, where S is the length 
of the side of the block. Thus the weight of the block

= 3-8552 x 2200 x 9-81 newtons.
For equilibrium, the weight of the block must equal the uplift

multiplied by the safety factor. Therefore
3-8552 x 2200 x 9-81 = 985 X 10-' x 1 5.

985 x 103 x L5 , 
3 85 x 2200 x 9-81 ’

S 4 22 m.

MATHEMATICS B 1980

Students were expected to answer any 6 questions

QI The resistance, R ohms, of a circuit element varies with the tempera­
ture t°C. Three readings recorded were

t 0 100 450

R 300 325 470
Assuming a formula R = R0(l + at + bt2)
(a) give a meaning to the constant Ro, and its value in this instance,
(b) calculate the constants a and b to 3 significant figures, and
(c) estimate the temperature at which R = 400 £2.

Al (a) R = Roll -I- at + bt2).
When t - 0, at and bt2 are both zero and, hence, R = Ro. Therefore 

Ro is the resistance of the circuit element when t — 0“C and, in this 
instance, its value is 300 Q.

(6) When/ = l00°C, 325 = 300(1 + 100a + 10026), .......... (1)
and when t = 450“C, 470 300(1 + 450a + 45026) .......... (2)

From equation (I),
1 -I- 100a + 10«* = 325/300 = 1 -083, .......... (3)

and, from equation (2),
I + 450a + 20-25 x 104* = 470/300 = 1-56. .......... (4)

Multiplying equation (3) by 4- 5 gives:
4 5 + 450a+4 5 x 1046 = 1-083 x 4-5. .......... (5)
Subtracting equation (5) from equation (4) gives:

-3-5 + 15-75 x 1046= 1-56 - 1-083 x 4-5.
15-57 x 1046 = 5 06 — 4-875.

0-1916 
' 15-57 x 104’

= I-121693 X 10 «.
Substituting for b in equation (3) gives:

1 + 100a + 104 x 1-121693 x 10 « = 1-083.
100a = 0-083 — 0-012169, 

= 0-071164.
a = 71164 X 10~4.

Hence, to 3 significant figures 
a = 7-12 x 10 4 and b = 1'22 x IQ-«,

(c) When R = 400 fl, 
400 = 300(1 + 7-1164 x ÍO4r + 1-2169 x 10-«r2).

/. 1-2169 x IQ-«/2 + 7-1164 x 10 4r + 1 = 1-3.
/. 1 2169 x 10-6/2 + 7-H64 x 10‘4r- 0-3 0.
/. t {- 7-1164 x l0~4 + vT7-11642 x 10-8 + 4 x

I 12169 x IO-« x O O3)}/2 x 1-2169 x 10*«,
_ -7-1164 x JO“4 + VÍS0-643 x 10 8 + 1-6225 X 1Q-«) 

’ 2-4338x10«
_ -7-1164 x IO“4 + V(2-1289 x 10-«)
~ 2 4338 x 10-«

-7-1164 x IO“4 + 1-4591 x 10 3
' 2 4338 x 10"« ’
0 74746 x 10 3 . , ,

= V 10 6 (ignoring the negative value),

= 307°C.

Q2 The outer conductor of a coaxial cable is a hollow cylinder of 
internal radius R. The inner conductor is a solid of the same metal as the 
outer conductor. The radial separation between conductors is s.

(a) Derive a formula for the thickness t of the outer conductor if it is 
to have the same DC resistance as the inner conductor.

(b) Calculate t if R 8 mm and s = 3 mm.

A2 (a) The DC resistance of a conductor is given by where p is 
the resistivity of the material, I is the length of conductor and A is the 
cross-sectional area of the conductor. Since the same metal is used for 
both inner and outer conductors, p is the same for both and hence for 
the conductors to have the same resistance per unit length, the cross­
sectional area of the inner conductor must equal the cross-sectional 
area of the outer conductor.

Therefore, if Ao is the area of the outer conductor and A, is the area 
of the inner conductor, A„ = A,.

Referring to the sketch,
A„ - tt(R + f)2 - nR2,

and A, = tt(R — s)2.
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MATHEMATICS B 1980 (.continued)

Hence, for Ao and A, to be equal, 
n(R + t)2 — irR2 = ir(R — s)2,

(R + t)2 - (R s)2 + R2,
■■■ R + t = VK« - 02 + R2}-

t = Q(2R2 - 2Rs + J2) - R.
(b) When R = 8 mm and s = 3 mm,

1= V(2 x 64-2 x 8 x 3 + J)~ 8, 
- V(128 - 48 4 9) - 8,
-- Q89 - 8 - 9-434 - 8, 
= 1 -434 mm.

Q3 A building society report gives the number of its investors at 
1 January as follows:

Year 1968 1970 1972 1974 1976 1978

No. of investors (y) 
(thousands)

190 234 301 411 538 710

(a) Show graphically, that the formula y = kef reasonably fits these 
figures at a date x years after I January 1968.

(b) Obtain the constants a and k from the graph.
(c) Find the approximate annual growth rate per cent.

A3 (a) y = kef.
Taking logarithms,

Iog10 y — logio k + x log10 a.
Since a and k are constants, this logarithmic form of the law is of 

the form
y = nix 4 c,

that is, a straight line law. Therefore, for the given data to obey the 
law, when plotted in logarithmic form, the points must form a straight 
line.

The graph may be plotted from the following table of values.

year 1968 1970 1972 1974 1976 1978

X 0 2 4 6 8 10

y 190 234 301 411 538 710

logio y 2-279 2-369 2-479 2-614 2-731 2-851

The graph is shown in the sketch.
It can be seen that it is possible to draw a straight line to pass 

reasonably close to all the plotted points and hence, the data given 
conforms approximately to the law y = kef.

(b) When x — 0, logio k = logio > and hence the intercept on the 
logio y axis gives the value of k. From the graph

login y = 2-268 = logio k.
A = 185 4.

The gradient of the graph gives the value of logm a. From the 
graph (points A and B lying actually on the straight line),

. 2-840 - 2 268 _
logio a  ----- 10 —Q----- ---- 0 - 0572.

o = l 141.
Hence, a Si 1 -14 and k V 185.

(e) Increase in the number of investors from 1968 to 1978
- 710 000 - 190 000 = 520 000.

the annual growth rate over the 10-year period

x J00 V
10 x 190 000

■ 27-37%.

Q4 (a) A current i milliamperes flows in a circuit t milliseconds after 
the operation of a switch, such that

I = 15(1 - e-OAt).
(i) Sketch the current!time graph for t > 0.
(ii) Calculate the time taken for the current to attain 60°% of its 

ultimate value.
(b) Given that log\g 3 = 0-4771, calculate log, 10. Hence obtain 

logs 2 ■ 7 without using logarithm tables or a calculator.

A4 (a) (/) i = 15(1 - e-o-^).
The curve of i plotted against t is drawn from the following values 

and is shown in ihe sketch.

r 0 0-5 1 0 15 2-0 25

-0-4/ 0 -0-2 —0-4 -0-6 -0-8 -1-0

e-0-4i 1 0'819 0 670 0-549 0 449 0-368

1 — e o-4f 0 0-18! 0-330 0-451 0-851 0-632

r— 15(1 e °-4') 0 2715 4-950 6-765 8 265 9-480

4-0 5-0 6-0 10-0

-0 4/ -1 2 —16 — 20 -2-4 j -4-0

e-0-4i 0-301 0-202 0-135 0-0907 0-0183

1 -e-o-o 0-699 0-798 0-865 0-9093 0-9817

1 = 15(1 -e-Q'4«) 10-485 11-97 12-975 13-640 14-726

Note: The sketch given here and the table of values from which it 
was plotted are more elaborate than would be expected from a 
student.

(ii) The ultimate value of i, when i = co, is 15 mA. Thus, when 
i = 60% of 15 mA,

1 e»4'-0-6.
e-o-4' = 0-4.

;. — 0 4/ - loge 0 4 -0-9163.

0-9163
" ' 0-4 ’

«2-29 ms.
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B 1980 (continued)
two factors, the vehicle depreciation and the fall in the value of money 
and will therefore be

£2400 X 0 882 X 1-082.
Hence, after 6 years, the cash value in terms of the value of money 

in year 6 becomes
£2400 x 0-88* x 1-08«,

= £1114-6 X 108«,
= £1768-7.

Q6 Using the expansions for sin (A + B) and cos (A -1- B);
(a) without using trigonometrical tables or a calculator
(i) evaluate cos 105° to 3 significant figures, and
(ii) prove that cosec 15° = (V6 + j2).
(b) express sin 3A in terms of powers of sin A only.
, , cot x + tan B . . s. .
(c) express aS W011^ °! ,wo cosines­

A6

(fl) 0 )

sin (A + B) = sin A cos B + cos A sin B, and 
cos ( A I B) = cos A cos B sin A sin B.

cos 105° = cos (60° 4 45°),
= cos 60° cos 45° — sin 60° sin 45°,

(b)

But,

login 3 = 0-4771.

logj 10 = — 
login 3

1-41421
= — — <1 “ 1-73205), 4
= -0'35355 X 0-73205,
= -0-25882,
= —0'259 to 3 significant figures.

logs 2-7 = logs ^3 x 3 x A),

= logs 3 + logs 3 + logs 3 ~ logs 10, 
= 3 - 2 096, 
= 0-904.

Q5 (a) A vehicle costs £2400 new. Assuming a compound interest rate 
of depreciation of 12% per annum, calculate its value after 6 years' 
service.

(b) If, however, the value of money has depreciated by 8% per annum 
in the same period, calculate the cash value at the end of these 6 years.

A5 (a) The value of the vehicle after one year will be

£2400 - 2400 X X, 
I IK)

= £2400(1 - 0-12).
After 2 years, the depreciated value at compound interest

12= £2400(1 - 0-12) - 2400(1 - 0-12) X 100
= £2400(1 - 0-12)2.

In a similar way, it may be shown that, after x years, the depreciated 
value

= £2400(1 - 012)*.
Hence, when x = 6, the depreciated value 

= £2400(0- 88)6, 
= £1114-6.

(A) After one year, the depreciated value of the vehicle, in terms of 
the value of money in year 1

= £2400 x 0-88«.
However, since the value of money will have fallen by 8%, the cash 

value of the vehicle in terms of the value of money in year 2 will be
Q

£2400 x 0-88 + 2400 x 0-88 x i OU
= £2400 x 0'88(1 + 0-08),
= £2400 x 0-88 X 1-08.

At the end of the second year this amount will be modified by the

(ii) cosec 15° = ^,

1
~ Sin (45° - 30°)’

_ __ 1 ___________
— sin 45° cos ( — 30°) + cos 45° sin (—30°)’

1

= 2V2
V(3 - I)’

2V2(V'3 + »
(V3 - 1X-/3 + 1)’

- + ^2)
3-1 ’

= V6 + U2. QED

(b) sin 3A = sin (2A + A),
= sin 2A cos A + cos 2A sin A,
- 2 sin A cos2 A + sin A (1 — 2 sin2 A),
= 2 sin A (I — sin2 A) + sin A — 2 sin3 A,
— 2 sin A - 2 sin3 A h sin A — 2 sin3 A.
- 3 sin A 4 sin3 A.

(c)
cos a sin ¡3

cot a 4- tan ft sin a cos fl
cot a — tan ¡3 cos a sin ft

sin x cos ft
cos a cos ft 4- sir^asin ft
_____ sin x cos ft_____
cos a cos ft — sin x sin ft 

sin a cos ft
cos(x - ft) 
cos (a + fi)
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MATHEMATICS B 1980 (continued)
Q7 For the function y = 2x3 — 18x

dy(a) derive an expression for from first principles,

(b) find the turning values of this function and determine whether each 
is a maximum or a minimum, and

(c) sketch the graph of the function, including positive and negative 
values of x.

A7 y = 2x3 - 18x.
Let x increase by a small amount bx and let the corresponding 

increase in y be by.
Then.y + by = 2(x + dxP - 18(x + bx),

= 2(x3 + 3x2 ¿x + 3x bx2 + dx-*) — I8x — 18dx.
6y = 2x3 y 6X2 ¿x + 6x bx2 + 2<5x3 — ]8x — I8ix —

2x3 + 18x,
= 6x2 ¿x + 6x bx2 + 2<5x3 — 18(5x.

A 4^ — bx2 4- 6x 6x + 26x2 — 18.
bx

. dy _ iim■ 4 77* — lim -j ♦
dx &lt^qbx

= bx2 - 18.

(b) The turning values occur when = 0; that is,

6x2 — ¡8 = 0,
which occurs when x = + v 3-

But, = 12x.dx2
<Pv . . , .

When x — nis positive, and hence a minimum value occurs. dx2
d2 y. .When x = — V’3, ^5 is negative and a maximum value must occur.

A = 2(-V3)3t- 18(-V3),
= -6V3 + 18V3 = I2V3,
- 20-785 at x = -<3.
= 2(V3)’ - 18V3,
= 6^3 - 18v'3 = -12V3,
= -20-785 atx=V3.

(e) The graph is shown in the sketch from x •= —3 to x — +3. 
Beyond these values the graph descends rapidly when x is negative 
and ascends rapidly when x is positive.

Q8 An alternating current flows through a resistor in series with a 
capacitor. The charge on the capacitor, q coulombs, at a time t seconds 
is

q = 4 x 10 cos 1600nt.
(a) Use the formula v = + R^ to express the voltage v at time t,

C dt
when R = 50 Cl and C = 5 x 10 F.

(b) Sketch the graph of u against t from t = 0 to t — 11800.
(c) From the graph, or otherwise, find the peak value of this voltage.

A8 (a) q = 4 x 10 4 cos 160017/. 
daA 3- = — 1600:7 x 4 x 10’4 sin 1600rrr, dr

= —0-64rrsin 160017/.
.. 4 x 10 4 cos 16OO17/ „ „ ., . ,Hence, v =--------- -  ———------- + 50 X -0-6417 sin 160017/,5 x 10“«

= 80 cos 160017/ — 32ir sin 1600:7/,
= 80 cos 160017/ - 100-53 sin I6OO17/.

(b) The curve, shown in the sketch, was drawn from the following 
table of values.

1 1
0 1/8000 1/4000 3/8000

16OO77/ rad 0 17/5 217/5 317/5

160077/ degrees 0 36 72 108

cos 160017/ 1 0-8090 0-3090 -0-3090

80 cos 160017/ 80 64 72 24-72 -24-72

sin 1600ir/ 0 0-5878 0-9511 0-9511

— 100-53 sin I600rr/ 0 —59-09 — 95-61 -95-61

V 80 5 63 -70-89 -120 33

t 1/2000 5/8000 3/4000

160017/ rad 4w/5 77 6ir/5

1600 it/ degrees 144 180 216

cos 1600rr/ — 0-8090 -I -0-8090

80 cos 160011/ .. 64-72 -80 -64-72

sin !600i7/ 0-5878 0 -0-5878

-100-53 sin 160011/ — 59-09 0 59 09

V -123-81 -80 -5-63

t 7/8000 I/IOOO 9/8000 1/800

I6OO17/ rad 717/5 817/5 9)7/5 2)7

160017/ degrees 252 288 324 360

cos 1600n7 —0-3090 0-3090 O-8O9O 1

80 cos 160017/ -24-72 24-72 64-72 80

sin I6OO17/ —0-9511 — 0 9511 -0-5878 0

— 100-53 sin 1600)7/ 95-61 95-61 59-09 0

I! 70-89 120-33 123-81 80

(c) The peak value of v may be determined from the graph, but not 
very accurately unless more points are plotted in the neighbourhood 
of / - 1/1000 s.

The peak value is determined accurately as follows:

— 160077 x 80 sin 1600:7/ — 1600n x 100-53 cos 16OO77/.d/
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For a maximum or a minimum value, -/ = 0. 
dr

-160017 x 80 sin 1600irr = 1600ir x 100-53 cos 1600777.

.-. tan 1600ir/ = - ,ow 
= dl -2566.

I600irr = 180“ - 51’29' or 360° - 51’29',
= 3-14159 - 0-89862 or 

6-28319 - 0-89862, 
= 2-24297 rad or 5-38457 rad.

It is clear from the sketch that a minimum value of v occurs at the 
lower value of 1600 nr and that a maximum value occurs at the higher
value.

Hence, 'lmlï = 80 cos 5 ■ 38457 rad - 100- 53 sin 5■ 38457 rad, 
= 80 x 0-62268 + 100-53 x 0-78248, 
- 49-814 + 78-663.
- 128-477.

Q9 (a) Evaluate
(i) VMdx, and
(a ) J’ a3 - 7)2 dx.
(h) Calculate the mean value of the function y = 2x- — 5x + 2 from 

x = \ to x - 2. Mark this mean value on a sketch graph of the function, 
shading-in the area involved In the integration process.

2/2 x 8 /2= 3t— +‘°+4-^

2/128 — 2 + 15 X
3 k 24 '/
2 / 27X
3 X k 24/ 

= -0-75.
The graph is shown in the sketch, plotted from the

4-1-)}

)■

following values.

X
- I 1 Ii H Ü 2

2x2 à Hr 2 4i 64 8

—5x -2i -5 -64 -7) -Si 10

+ 2 2 2 2 2 2 2 2

y ° -1 1 - Ii -1 - i 0

The area obtained by integration, which is wholly negative between 
x = 1 and x = 2, is shown shaded, together with the mean value of 
y - -0-75.

A9 (a) (i) £ V(x)dx

2|(33 - 27),

Q10 (a) Display in a complex plane diagram the roots of the equation 
5z2 + 4z 4-8 - 0.

(b) If

calculate Z in the form a - jb when R 330, C 0-42 X 10 *> and 
to - 5000.

¡(27 - 8), 

- 12-6.

1,

- 2x++ Dd.v

p5 _ 2x-’ , T13 +4’

243 2 „ ,
" “5 ' x 27 + 3 -

_ 242 _ , ,218 + 3 + t -5 3
736 _
l3 16,

= 49- 06- 16, 
- 33 06.

3

y 2x2 5,v + 2.

A10 (u) 5z2 + 4- + 8 0.
4 + y (42 4 x 5 x 8)

’r ÏÔ"
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= -O'4 ± ^V(-144),

= - 0-4 ± jl-2.
The two complex roots of the equation are, hence,

ii = —0-4 + jl-2 and z2 = -0-4 — jl -2.
These are shown in the complex plane diagram as points P and 

Q respectively.

(b) 4 = 4 +A

1 + jorCR
R

1 + jtuCR'

R(I -jtoCR)
T+flRC^R2'

.-. tuCR - 5000 x 0-42 x 10“« x 330, 
0 693.

w2C2R2 =0-480249.
_ 330(1 - j0 693)

'• Z 1-48025 ’ 

= 222-9 - j!54-5.

TELECOMMUNICATION PRINCIPLES B 1980 

Students were expected to answer 6 questions

QI Two impedances are connected in series and a - mH inductor with an TT
internal resistance of 2 £7 is connected in parallel across the circuit, A B, as 
shown in Fig. I. Calculate for a supply frequency of I kHz

(a) the equivalent impedance between A and B,
(b) the two series components that will produce the equivalent impe­

dance at I kHz, and
(c) the power factor of the circuit AB.

Fig. 1

AI The circuit AB, of impedance Z, comprises two impedance,?] and 
Z2, in parallel. Therefore, -y — + y .

£ £ i Zj

Z1 = (2 — j2> 4- (1 + j) =0 — j) n.

Z2 (2 = jL2~/) 2 + x 2- x HP,

= (2 + j2) £7.

Q2 (a) Sketch rhe circuit of a transistor common-emitter, single-stage 
amplifier, including bias stabilization.

(b) Explain the principle of operation of the circuit.
(c) HTty is bias stabilization necessary ?
(d) Sketch typical VJf characteristic curves.

A2 (a) A circuit diagram of a common-emitter, single-stage amplifier 
is shown in sketch (a).

(a)

_ (3 -j) (2 + j2) (8+j4)
5 + j..."" 5 + j ’

2(4 + j2) (5 - j) 22 + j6
52 +12 13 ’

= 1-69 + j0-46 £7.

(b) This impedance can comprise a series circuit of a resistor of value 
1 -69 £7 and an inductance having a reactance of 0-46 £7.

if L henrys is the inductance at I kHz,
L x 2v x 103 = 0-46 £7.

L = 0 0732 mH at 1 kHz.
(c) The power factor of Z is cos <f>, where ó is the angle between the 

current phasor and the voltage phasor on AB.
The phasor diagram is shown in the sketch.
PR represents the resistance of 1-69 £7, and PQ is the inductive 

reactance leading PR by tt/2 rad. Therefore, PQ represents the overall 
impedance and ¿QPR is

u a. PR L69 AHence, cos 0 = pQ = + = 0_965 .

(b) Variations in the voltage between the base and emitter of the 
transistor cause variations in the base current, which create similar 
variations in the collector current, and therefore, the load resistor RL. 
The circuit amplifies because the collector current, ic, collector voltage, 
If, and base current, if, are related by the family of curves shown in 
sketch (b); the amplification can be deduced by drawing the load line 
corresponding to Rt. across the curves. When the input signal causes the 
base current to vary between the peaks if and q,", the collector current 
will vary between if and if’. The change in voltage, v, across the load 
resistor RL can therefore be large compared with the signal into the 
transistor.

The quiescent condition, Q, when the input signal is zero governs the 
magnitude (that is, the peak-to-peak value) of the signal that can be 
handled without appreciable distortion. This condition is determined by 
the bias in the base-emitter circuit, given by the potential divider 
resistors R,,l and Rb2 operating across the collector DC supply, Kc. 
Variations in the voltage of the supply are reflected in the bias across 
Rb2 by this arrangement, so giving some measure of stabilization. The 
emitter resistor, R", also improves stability of the bias voltage, especi­
ally against transistor characteristic changes that would move the bias 
point in sketch (b) and so reduce the magnitude of the signal swing for 
undistorted output. Capacitor C„ decouples R„ from AC, so avoiding 
negative feedback.
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TELECOMMUNICATION PRINCIPLES B 1980 (continued)
(c) It can be seen from part (b) that bias stabilization is needed to 

overcome the changes in gain and distortion level arising from altera­
tions in collector supply voltage and transistor characteristics. In severe 
conditions damage to a transistor can be avoided by adequate bias 
stabilization.

(d) A family of typical VJf curves is shown in sketch (6). Note that 
the collector current, 4, is given in milliamperes whereas the base current, 
ih, is given in microamperes.

(*)

This effect is precisely that described in part (a) (ii). Mutual inductance 
is, in fact, responsible for the transfer of energy via the magnetic field 
from the primary to the secondary circuits.

(c) The transformer with two identical secondary windings is shown 
in sketch (b), in which the direction of each secondary winding is 
carefully indicated. Because the coils are identical, the induced alterna­
ting voltages across their terminals will be identical in magnitude and 
phase.

(i) When connected in parallel aiding (that is, terminal 1 connected 
to terminal 3 and terminal 2 to terminal 4) the RMS voltage will be that 
due to either coil. It is as if there were one secondary coil with wire of 
twice the cross-sectional area of one of the coils.

Thus, the RMS voltage will be 120 x 100/180 66-7 V.
(ii) In series aiding (that is, terminal 2 and 3 connected together), the 

resulting secondary circuit is equivalent to a winding having twice the 
number of turns of either of the coils.

Thus, the RMS voltage - 66-7 + 667- 133-4 V.

Q4 (a) Give TWO reasons why the field-effect transistor (FET) is 
proving a valuable device in telecommunications.

(b) Explain the principle of operation of an FET as a small signal 
amplifier. Include a circuit diagram with typical component values and 
operating voltages.

Q3 (a) State what is meant by
(i) self-inductance, and

(ii) mutual inductance.
(b) Show how transformer action depends on mutual inductance.
(c) A transformer has a primary winding of 180 turns and two identical 

secondary windings, each of 120 turns, that can be connected either in 
series or in parallel. The primary is connected to 100 V AC source. Find 
the EMF at the secondary terminals when the secondary terminals arc 
connected in

(i) parallel aiding, and
(ii) series aiding.
Ignore losses in the transformer.

A3 (a) (i) The self inductance of a coil is the property that causes the 
coil to impede the passage of an alternating current in proportion to the 
frequency of the current. Self-inductance arises from the flux linkage 
between the turns of the coil due to the current flowing through the coil 
itself. A back EMF is induced.

(ii) Mutual inductance is a measure of the coupling between two 
coils. It arises from the flux caused by an alternating current in one coil 
linking with the second coil, thereby inducing an EMF in the second 
coil.

(b) Sketch (a) illustrates the operation of a simple transformer. An 
iron core in the shape of a continuous ring or rectangle has two wind­
ings, shown in the sketch as the primary and secondary windings wound 
on the limbs of the core. When an alternating current passes through 
cither coii, the alternating flux created in the iron core links with the 
other coil; therefore an alternating EMF is induced in the second coil.

(*)

Q5 (a) What conditions must be satisfied for a series circuit to resonate ? 
Use reactance-frequency curves to illustrate the answer and derive an 
expression for the frequency of resonance.

(b) (i) Explain the effect of resistance in a resonant circuit.
(ii) How is the Q-value of a resonant circuit defined?
(c) A 0-02 pF capacitor resonates in series with a 7-5 mH inductor to 

give a Q-value of 120. Find the loss resistance of the circuit.

A5 (a) When a circuit consists of positive and negative reactances 
(that is, inductance and capacitance), resonance will occur at the fre­
quency at which the circuit reactance is zero; that is, the reactances are 
equal in magnitude but opposite in sign. The circuit therefore becomes 
purely resistive.

The sketch shows the reactance-frequency curves for an inductance 
and a capacitance. Since the reactance of an inductor of L henrys is 
XL = 2trfL, where/is the frequency, the inductive reactance-frequency 
curve is a straight line. For a capacitance of C farads, the reactance 
Xc = l/2rfC.

At resonance, X^ = Xc.

Therefore, 2itfL = ■
¿'‘•J'S

Hence, if/0 is the frequency at resonance,

fa = 2^(lG)hertZ’

tb)

(b) The resistance in a resonant circuit limits the current which will 
flow in the circuit. If the resistance were zero, the current would be 
infinite. The resistance also modifies the shape of the response curve; 
that is, total reactance plotted against frequency. The lower the 
resistance, the narrower and steeper is the response curve. This effect is 
given numeracy by a term called Q-factor, which is defined as Iff,Lt R, 
where R ohms is the circuit resistance.

(c) The expression obtained in part (b) may be re-arranged. Thus,
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Q6 (a) Explain, with the aid of a circuit diagram, the principle of ONE 
type of electronic voltmeter used in telecommunications work.

(b) Describe and explain TWO features that make it specially useful in 
this branch of engineering.

A6 (a) The circuit diagram of an electronic voltmeter using a field­
effect transistor (FET) is shown in the sketch. Basically the circuit 
behaves as a DC meter in the simple form shown. The FET is biased to 
near pinch-off and the source, S, is held at a negative potential with 
respect to the gate, G. This bias potential is obtained from the potential 
divider network RI, R2, R3 and R5. A sensitive centre-zero meter, Ml, 
bridges the two parallel networks formed by the circuit and when this 
bridge is balanced the meter reads zero.

When a voltage is applied to the input (1%), the gate of the FET will 
be forward biased so that a drain-source current will flow and unbalance 
the bridge. Ml will deflect in proportion to the value of 1%.

It is necessary to calibrate the instrument using R4. Firstly, with zero 
input, R2 is adjusted to give a balance on Ml. A known potential, is 
then applied to the input and R4 adjusted to give full-scale deflexion. 
The voltmeter is thus calibrated for the range 0 V to Fk.

A range of voltages can be measured by using the range resistors, 
R,„i. R,„2, R,„3 etc at the input.

This type of meter needs only a small operating voltage and therefore 
a safety resistor, R9, is wired in series with the gate of the FET.

(b) The most useful feature of the FET voltmeter is the very high 
input impedance it can present, so that the circuit being measured is 
unlikely to be disturbed by the application of the voltmeter.

A second feature is the sensitivity that can easily be obtained without 
additional complication. Power consumption is almost negligible and 
the unit is small and light in weight.

Current measurement can be made by connecting the input across a 
resistor of known value in series with the test circuit.

Q7 (a) Explain briefly the principle of the DC motor, showing how the 
torque is produced.

(b) How does the back EMF in the armature windings control the 
armature current according to the mechanical load on the motor shaft ?

(c) The armature of a DC motor is a cylinder, diameter 5 cm and length 
10 cm, wound with 10 coils each of 20 turns. It rotates between pole pieces 
that have a magnetic flux density of 0- SOT. Calculate the average torque 
developed when the average current in each coil throughout one revolution 
is 4 A.

KI (a) See A8, Telecommunication Principles B 1976, Supplement, 
Vol. 70, p. 31, Apr. 1977.

(6) When the motor is running, direct current passes through the 
armature coils, which are themselves generating a back EMF because 
they arc cutting the air-gap flux of the magnets. This EMF is, by 
Fleming’s right-hand rule, proportional to the armature speed and is 
opposing the DC supplied to the armature by the source of electricity 
driving the motor. When the load on the shaft is increased, the motor 

will run slower; the back EMF will then decrease and thus the net 
voltage across the armature will increase. The armature current will 
therefore increase and the torque developed will increase to meet the 
greater toad.

(c) The magnetic force on each longitudinal conductor is given as an 
average around the whole circumference of the armature.

If b metres is the length of one conductor on one side, B teslas is the 
flux density and i amperes is the current,

force per conductor = biB newtons.
This force acts tangentially to the armature, and therefore the total 

force around the whole circumference is NbiB newtons, where A is the 
number of conductors.
Torque developed M total tangential force x radius, '

= NbiBr,
= 400 x 10 x 10 2 x 4 x 0-50 x 2-5 x 10 
= 2-0 N m.

I
Q8 (a) (i) Describe, with the aid of a typical B-H loop, the magnetic 
hysteresis effect in iron. i

(ii ) Name FOUR properties of the iron that can be obtained from the 
diagram.

(b) Outline an experiment to obtain the information from which a 
hysteresis loop can be drawn. List the equipment needed and record the 
experimental procedure.

(c) How can the permeability be deduced from the results obtained in 
part (b).

Q9 (a) Explain, with the aid of sketches, the principle of operation of a 
cathode-ray tube,

(b) “A cathode-ray lube oscilloscope can be used Io measure voltage or 
to display waveforms.” Discuss this statement and with the aid of diagram 
show that it is true.

QI0 (a) The circuit of an inductance bridge is shown in Fig. 2. Derive 
formulae from which the values of L and r can be found. Why must R be 
adjustable ?

Fig. 2

(b) Describe briefly an experiment to find L and r, giving details of 
equipment for the source and rhe detector. If C = 0-3 pF, R = 520 fl, 
P = 1000 fl and Q = 250 fl, calculate L and r.

AID (a) Let the impedance of the combination of L and r be Zi, the 
impedance of Q be Z2, the impedance of P be Zy and the impedance of 
the combination of C and R be Zf. When the bridge is balanced, 
indicated by zero deflexion of the meter, the general relationship for the 
bridge is

Z[ x Z^ = Z2 x Zy
Using j notation, the arm impedances are

Z\ = r + jtuL ohms, Z2 = Q ohms, Z2 = P ohms and
, F , 
Z3 = 1 , ohms-1 + JOCK

Substituting these values in the balance equation gives

(r +imL^T3ic^=QF-
.’. Rr + joLR = QP + jcuCRQP.

QP
Equating the real parts gives r = — ohms, and

A

equating the imaginary parts gives jcuLR = joCRQP.
QPTherefore, r =—ohms and L = CQP henrys.
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Resistor R must be adjustable to balance both the amplitude and 
phase of the voltage across the detector.

(b) The experimental report would be as follows.
Aim To find the inductance (L henrys) and the AC resistance 

(r ohms) of a given inductor.
Equipment The components Q, P, C and R; C and R are adjus­

table and calibrated.
An audio-frequency signal generator.
A sensitive amplifier-detector with ranges of level or, alternatively, 

low-impedance headphones for initial adjustment of the bridge and 
high-impedance headphones for final adjustment.

Method The circuit is arranged as shown in Fig. 2. Carefully 
screened connexions must be used throughout and components must be 
individually screened to avoid any unwanted coupling between them.

The input from the signal generator to the bridge should be via a 

screened transformer which has an earthed interwinding screen. This 
eliminates stray longitudinal currents that can give disturbing readings 
and inaccurate values of C, L and r.

The signal generator is set up to the frequency at which L and R are 
to be measured. The low-impedance headphones are connected 
across the bridge and C and R adjusted alternately until a minimum 
signal is heard in the headphones. At this stage the high-impedance 
headphones are connected as the detector and adjustment of C and R 
continued until no signal is audible. The balance readings of C and R 
are noted.

Calculation From part (n),

L - CPQ - 03 x 10-* x 1000 X 250 = 75 mH.

PQ 1000 x 250 480-8 fl.
r “ R " 520

TELEGRAPHY B 1980

Students were expected to answer any 6 questions

QI (a) For an electromagnetic teleprinter receiver line-termination, 
explain the reasons for providing

(i) a resistor, and
(ii) a capacitor.
For different values of capacitance, draw current/time graphs to 

illustrate the action of the combination, and give typical values.
(b) Why is an additional capacitor fitted in parallel with the receive 

magnet, and what is the effect on the capacitor in part (a)(H) ?

Al (a) The receive line-termination for an electromagnetic teleprinter 
consists of a resistor and capacitor in parallel and is known as a signal­
shaping network.

The value of the resistor is chosen such that, in conjunction with the 
value of the signalling voltage and the inductance, L, of the receive 
magnet, the current in the magnet reaches its maximum value as soon 
as possible. If the resistance, R, of the shaping network is much greater 
than the sum of the line resistance and the receiver resistance, the 
time for the current through the receive magnet to reach about two- 
thirds of its maximum value (i.e., the time-constant) is equal to the 
ratio of L to R. The normal value for R, when used with a signalling 
potential of 80 V and a receiver inductance of 6 H is about 4 kQ. For 
these values, the lime for the receive current to reach about two-thirds 
of its maximum value = L/R 6/4000 = 1 -5 ms. This is illustrated 
by graph A in sketch (a).

With a signalling potential of say 40 V, a resistance of 2 kil would 
be required to limit the receive magnet current to 20 mA. The time for 
the current to reach two-thirds of its maximum value - 6/2000 3 ms.
This is illustrated by graph B in sketch (a).

The graphs show how the speed of operating the receive magnet, and 
hence the signalling speed, are improved by using a high signalling 
voltage and a high resistance in the signal-shaping network.

Graphs 1, 2 and 3 show the effect of connecting a capacitor in 
parallel with the resistor. A capacitor connected in this way acts as a 
path of negligible resistance whenever the signalling potential is 
reversed. Instantaneously, therefore, the capacitor acts as a short­
circuit to the resistor and the signalling potential is applied directly to 
the receive magnet, causing the current to increase at a high rate and 
the magnet to operate quickly. As the capacitor charges; the flow of 
current through the capacitor decreases until the whole of the current 
flowing through the inductor is controlled by the resistor. The total 
current through (he receiver is the sum of the currents through the 
capacitor and the resistor, and may rise to a value above the steady 
current through the receiver. The graphs show the effect of increasing 
the value of the capacitor: an increase in capacitance causes an increase 
in overshoot. Above a certain value of capacitance, the circuit may 
oscillate: this should be avoided since prolonged oscillation may 
interfere with the next operation of the relay.

Typical values for the capacitance are 1 /<F, 2 pF and 4 /<F for 
graphs 1, 2 and 3 respectively. The value of 2 pF (graph 2) gives Ihe 
optimum signal shape.

(b) An additional capacitor is connected in parallel with the receive 
magnet to suppress the harmonics which may be generated by the 
movement of the magnet tongue in the magnetic field. The EMF 
generated would pass to line and could cause imerference on telephone 
circuits working in the same cable. The suppression capacitor, normally

2 pF, would tend to slow the operation of the magnet and, to compen­
sate for this, the value of the shaping capacitor is increased to 4 pF. 
The complete receiver termination is shown in sketch (b).

Q2 (a) Explain the difference between a start-stop system and a 
synchronous system as a means of transmitting and receiving teleprinter 
signals.

(b) State the advantages and disadvantages of the two systems in (a).
(c) With the aid of sketches, describe the action of a teleprinter when 

receiving a start element and the first two character elements, one 
MARK and one SPACE, of a teleprinter signal.

A2 (a) Telegraph signals consist of positive or negative-polarity 
elements transmitted in a distinctive sequence to form a code repre­
senting numerical and alphabetical characters. The stream of elements 
may be continuous, as in a synchronous system where the receiver and 
transmitter start in phase and remain in step for the duration of the 
message. This system is fast in operation but requires expensive well- 
maintained equipment at both ends to ensure that both terminations 
remain in synchronism. For point-to-point systems carrying heavy 
traffic, such a system may be justified, bin for scattered stations 
working on a switched network the simpler start-stop system is 
preferred.

In the start-stop system, although the driving motors may be running 
continuously, the transmission and reception of the group of elements 
constituting a character is treated as a distinct self-contained cycle of 
operations. The transmitter prefixes each character by a start element 
to initiate a character cycle in the distant machine, which operates 
(for the duration of the character) in phase with the transmitter. During 
the cycle, the character elements arc transmitted and received. A stop 
clement, transmitted for a minimum time at the end of each character, 
allows the transmitter and receiver to be brought to rest at the com­
pletion of each character cycle. In this way, any speed discrepancy 
between the receiver and transmitter is limited to the cumulative effect 
during one character, and provided the equipments are running close 
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to the nominal speed of the system, mutilation cannot occur and 
messages can be satisfactorily transmitted and received without costly 
synchronizing features.

(b) The advantages and disadvantages of the two systems arc listed 
in the table.

Start-Stop Synchronous

Flexible
Simple
The machines are at rest until 

required, minimizing wear
Slower in operation due to the 

addition of a start element 
and a stop element to each 
character

Any discrepancy in driving speed 
is limited to one character

Propagation time over various 
circuits has no effect

Complicated
Costly
A synchronizing signal is required 
Continuous operation
Speed discrepancy is cumulative 

over the whole message
Propagation time over a range of 

circuits could affect reception
Faster transmission as character 

elements only are transmitted: 
start and stop elements can 
be omitted

(c) The sketch shows the operation of a BPO Teleprinter No. 15 
to incoming signals. The start signal causes electromagnet E to move 
armature A to the space position, releasing the selector unit cam­
sleeve G, which rotates in a clockwise direction. During the receive 
cycle, the five flats on cam G are presented in sequence to five sequen­
tial levers H which pivot inwards in turn. In sequence with the rotation 
of the cam, incoming mark and space signals are received by the 
magnet, moving armature A to the left and right respectively, if the 
incoming signal is a mark, read lever K is allowed to move downward, 
engaging the lower arm of sequential lever H. The movement of a 
projection at the upper end of lever H causes a static MARK-code 
setting on a storage latch. If the incoming signal is a space, read 
lever K is blocked and cannot move and will not affect sequential 
lever H; a SPACE-code setting will be registered. In this way, the five 
character elements will be registered on storage latches, and later in 
the cycle the combination is transferred to code-slats which select the 
correct type for printing.

Q3 (o) Describe, with the aid of sketches, how the perforations in 
paper tape are converted to telegraph signals by an automatic tape­
transmitter.

(b) Describe the control and alarm facilities of the transmitter.
(c) What are the advantages and disadvantages of paper-tape trans­

mission as compared with manual keyboard transmission ?

Q4 (tj) Draw current/time diagrams to illustrate a 50 baud teleprinter 
character affected by

(I) ¡0% ¡ate bias distortion, and
(ii) 15% early fortuitous distortion.
(b) Give THREE possible causes of EACH type of distortion in (a).
(c) Describe one other type of distortion which may be present in a 

telegraph circuit.

Q5 (a) The following items are provided at an automatic Telex 
exchange:

(i) a dial speed-and-ratio tester, and
(ii) a test final-selector.
State the facilities provided by these items and describe how they are 

used.
(b) Describe, with the aid of diagrams, how access may be gained to a 

subscriber's circuit other than through the test final-selector. What are 
the advantages and disadvantages of this method?

AS (a) (/) The dial speed-and-ratio tester is designed to test the 
speed and ratio of a subscriber’s dial, ensuring correct operation and 
identification of when repair may be necessary. The acceptable limits 
for the dial pulses are as follows:

Speed: 9-11 pulses/s (Nominal rate: 10 pulses/s)
Ratio: 65-5%-54-5% break'! k, . . ,. ,n .„ 34-5%-45-5% make } Nominal ratio 60:40

For the speed test, the tester measures the duration of alternate 
pulses by charging a capacitor and comparing the charge voltage with 
the voltage on a preset potentiometer. The resultant voltage is dis­
played on the test-desk voltmeter, with a deflexion to the left indicating 
out of limits and a deflexion to the right indicating within limits. 
A high-limit key on the tester presets the circuit to show zero at 
11 pulses/s; any speed below this is indicated by a deflexion to the 
right and any speed above is indicated by a deflexion to the left. 
Similarly, the lower limit cf 9 pulses/s is tested after operating the 
low-limit key and receiving a train of pulses.

To test the ratio, the make and break elements each charge separate 
capacitors which are compared against each other and the result 
displayed on the voltmeter. The indications and use of the high-level 
and low-level keys are as for the speed measurement.

For a description of a test final-selector, and a model answer to 
part (b) of the question, see A4, Telegraphy B 1977, Supplement, 
Vol. 71, p. 50, Oct. 1978.

Q6 A fully-equipped rack of 41) final selectors in an automatic Telex 
exchange carries 22 erlangs of traffic during the busy hour. The average. 
currents drawn during a call are:

50 K- 150 mA +80 V: 3 mA -80 V: 6 mA
(a) Calculate:
(i) the average current drawn from EACH supply in the busy hour, 

(ii) the ampere-hour consumption in the busy hour, and
(iii) the maximum current which could be drawn from EACH supply at 

any instant.
(b) State the factors which govern the voltage at the selector as com­

pared with Ihe voltage at the battery, and quote the upper and lower 
voltage limits permissible.

Afi (a) (i) Average current: .

from 50 V 22 x 150 mA - 3 3 A,
from + 80 V - 22 X 3 mA - 66 mA,

and from - 80 V 22 x 6 mA 132_mA,
(ii) Ampere-hour consumption in the busy hour

■ 3-3 + 0 066 + 0-132 - T498A_h.
(iii) Maximum current:

from 50V 40 x 150mA 6 A,
from + 80V 40 X 3 mA 120 mA,

and from - 80 V 40 x 6 mA 240 mA.
(b) The factors which govern the voltage at the selector as compared 

with the voltage at the battery are the load, the cross-sectional area of 
the power cables and the number of simultaneous calls. The difference 
in voltage is due to the potential difference generated across the feeder 
between the battery and the selector. The potential difference is calcu­
lated by multiplying the current by the resistance of the feeder cable. 
Typical permitted losses are I V for + 80 V supplies and 0-15V for 
50 V supplies. The load on a power supply from any selector will vary 
during a call, depending on the functions being performed at any 
instant during the call (e.g., vertical stepping). As the momentary 
surges of current are of short duration, it is more convenient to assume 
an average value for the load during a call. The number of selectors 
likely to be in use at any one time during the busiest part of the day 
is calculated, and the total normal load on any cable may be found 
by multiplication. The cross-sectional area of a cable also affects the 
voltage, as the resistance of the cable increases with a decrease in the 
cross-sectional area. The cost of distribution cables is high and. as the 
cost is inversely proportional to the voltage drop, the size of the 
conductor is normally calculated for ihe maximum permissible voltage 
drop.

The upper and lower permissible limits for voltage values at a 
selector are:
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of positive and 
total more than

+ 80V and 80 V: 75-85 V (the algebraic sun: 
negative supplies must not 
4 V; i.e„ there must be less than 4 V differ­
ence between the +80 V rail and the — 80 V 
rail).

50 V: 46-52 V.

Q7 For an electromagnetic polarized relay:
(a) draw circuit diagrams to show how it may be used
(i) as a monitoring relay, and
(ii) as a supervisory relay, and
(b) describe two electrical tests which may be performed on a relay 

of this type to determine whether the relay is correctly adjusted.

A7 (a) (i) Sketch (a) shows the connexion of a monitoring relay to a 
telegraph line. The monitoring relay is a sensitive relay connected to 
the line through a high-value resistor and arranged to repeat the line 
signals to a monitoring teleprinter. The 2 coils of the relay are con­
nected in series to give good sensitivity and the high series resistance 
ensures that a minimal amount of current is shunted from the line. 
The relay must repeat signals accurately and with the minimum of 
additional distortion. An alternative arrangement, using a high- 
impedance valve with a repeating relay in the anode circuit, is used 
for monitoring at test-desk positions.

SPACE MARK

The deflexion on the meter (which is to the left) is proportional to 
the transit time of the contact. The transit time in milliseconds can be 
calculated from the following formula:

. 1000D3xL1 .... .transit time =---- y-f-yy.---- milliseconds2D2JS
where Dj is the meter reading (with shunt disconnected) during the 
transit-time test, D2 is the steady reading when the DC test is applied 
to the relay, 1 ■ I is an empirical factor correcting for inherent damp­
ing of the meter and electrical circuit, and f is the frequency of the 
EMF applied to the relay coil.

The duration of contact time can be calculated from the following 
formula:

lOOOfDz - Dj) X 11 .contact time ------------------------------milliseconds.2D1JS

Q8 For a multi-circuit voice-frequency telegraph system,
(a) draw a labelled block diagram,
(b) explain the operation of this system, and
(c) indicate at various points on the diagram the waveform of the 

electrical signals present.

A8 See A3, Telegraphy B 1975, Supplement, Vol. 69, p. 45, July 1976.

(ii ) Sketch (b) shows the circuit of a supervisory relay (relay A) in a 
Telex final selector. Relay A is permanently connected to the R-wire 
and is used for repeating dial pulses during vertical and rotary stepping 
as well as acting as a supervisory relay during the progress of a call. 
The relay responds to teleprinter signals on the R-wire such that 
contact Al is made during mark signals (negative potential) and 
energizes relay B. Relay B remains held during space signals (positive 
potential) by virtue of the energy stored in capacitor Cl. Contact Bl 
applies earth potential to the P-wire to hold preceding selectors.

When the call is cleared, continuous positive potential is applied to 
the R-wire and contact Al is broken. After a period of 325-475 ms, 
relay B releases and disconnects the earth potential from the P-wire to 
release the preceding equipment.

The supervisory relay is sensitive, and is connected to the R-wire 
through a high resistance to prevent impairment of the teleprinter 
signals. A bias winding ensures that the supervisory relay assumes the 
positive-potential (clearing) condition to release the selector if the line 
becomes disconnected during a call.

(b) Vibrate Test for Neutrality (Bias) An alternating EMF is 
applied to one of the operate coils of the relay at a time, and a DC 
potential is applied to the contact, as shown in sketch (c).

The meter will show a vibrating deflexion, the mean position of the 
vibrations indicating the bias of the relay. Thus, if the mean position 
of the meter is to the left of zero, the relay contacts are located too 
far to the left and a spacing bias exists; if the mean position of the 
vibrations is to the right of zero, the contacts are too far to the right 
and a marking bias exists.

When the mean position of the meter coincides with zero, the relay 
is unbiased and the tongue of the relay is in contact with its mark and 
space contacts for equal periods.

A final adjustment of neutrality is made with the meter shunt 
disconnected, giving a large vibrating deflexion to allow more accurate 
neutral adjustment to be made.

When the test has been completed using one coil, the test is repeated 
for the remaining operate coils as a check.
Transit-Time Test The contact transit-time test is carried out while 
the relay is vibrating, as in the previous test. In this test, it is arranged 
to short-circuit the meter while the relay tongue is resting on either of 
the contacts, and current passes through the meter only while the 
tongue is in transit between the contacts. The circuit is shown in 
sketch (d).

Q9 (a) With the aid of a diagram showing the layout of equipment in a 
large telegraph centre, describe the reception, routeing and transmission 
of the various types of telegram which may be handled.

(b) Describe the circuit access, testing and protective facilities pro­
vided at such a centre.

A9 (a) The layout adopted for a teleprinter instrument room will 
depend to a large extent on the shape of the accommodation available 
and on the services to be included. The sketch shows a typical layout 
which could be used for an installation comprising up to 12 tele­
printers and using bench-type tables. Bench-type tables are arranged 
in back-to-back suites and, if the traffic load justifies the use of band 
conveyers, they may be provided. The circulation positions and
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addressing positions would be located centrally with respect lo the 
teleprinter positions. The teleprinter positions are normally divided 
into suitable groups dealing with either outgoing or incoming traffic 
and, if a position is provided for night concentration of teleprinter 
traffic, this would be placed near to the circulation table. The Phono­
gram and telephone-telegram positions would preferably be situated 
in a separate but adjacent room away from the high noise level of the 
teleprinter machines.

(b) Cables for lines and miscellaneous signalling purposes arc termi­
nated on connexion strips at the end of each bench suite. The +80 V 
supplies used to drive the teleprinter motors and to provide line-signalling 
power are cabled from the battery via fuses to a distribution fuse-board 
at the end of each suite; protective resistor-bulbs are fitted in the 
signalling supplies. Separate earth wires are used for the signalling 
earth and for the protective earth of the teleprinter equipment. Line 
circuits are cabled from the intermediate distribution frame (IDF) via 
a jack field in order that any circuit may be picked up by the use of 
plugs and cords for connexion to a monitor-and-test set. This enables 
temporary cross-connexion between any machine and any line circuit; 
it also provides access for testing. The IDF is used for the permanent 
connexion between the incoming circuits and the teleprinter positions.

QIO (a) With the aid of a diagram, explain the operation of a tele­
printer motor circuit.

(b) What precautions are taken to prevent the motor becoming a fire 
hazard?

(c) Describe how the speed of the motor may be measured using
(i) a stroboscope, and
(ii) a telegraph distortion-measuring set (TDMS).

AIO (a) Sketch (a) shows the connexions of the synchronous motor 
circuit of a BPO Teleprinter No. 15. The synchronous motor is a 
capacitor-start, capacitor-run motor which rotates in synchronism with 
the mains frequency to ensure accuracy. The motor reaches speed 
within 1 -5 s, and centrifugal contacts CSI and CS2 operate when the 
motor has reached 75% of its synchronous speed. The motor consists 
basically of a rotor operating within two pairs of fixed stator coils, the 
latter consisting of one main pair and one secondary pair. If the current 
is supplied only to the main coils, the net torque when stationary is 
zero. The connexion of capacitance in series with the secondary coils 
produces a rotating field similar to that provided by 2-phase windings, 
and a starting torque is produced causing the rotor to rotate. When 
the motor has almost reached working speed, the centrifugal contact 
CSI disconnects the heavy starting-torque capacitor (15 //F) and the 
motor continues to run in the rotating field on the main coils and in 
the lighter (2 /<F) secondary-coil field.

(b) The motor and associated components are fitted in a metal 
cover which reduces radio interference and noise, and acts as a safe­
guard to the remainder of the machine if the motor runs hot. The cover 
is ventilated by a fan on the motor which cools the motor and exhausts 
hot air through louvres in the base tray. This prevents lubricants in the 
machine from drying out and avoids the accumulation of dust tn the

(o) (b)

mechanism. A manually reset circuit-breaker, which is a current­
overload device, is incorporated in the mains wiring circuit, and dis­
connects the motor if a heavy current flows for an excessive period due, 
for example, to a stalled motor. Normal fuses also protect the wiring 
if a full short-circuit occurs.

(c) (i) The standard method of checking the speed of a teleprinter 
motor locally is to use a tuning-fork stroboscope to observe alternate 
black and white markings on the cover of the teleprinter-motor 
governor. At the correct speed, the motor rotates at 3000 revolutions/ 
min; i.e., 50 revol utions/s. With six black and six white segments on 
the cover, a white or a black segment will be opposite any chosen spot 
300 times each second. The tuning fork has a frequency of 150 Hz, 
which is an exact multiple of the rale of appearance of the segments 
on the governor cover. To check the speed of the motor, the strobo­
scope is set vibrating by striking it, and the segments arc viewed 
through the stroboscope slits. If the segments appear stationary, the 
motor is running at the correct speed. Sketch (b) shows the action of 
the stroboscope shutters.

(ii) The speed of a teleprinter motor may be checked by monitor­
ing the output of the teleprinter using a TDMS. The TDMS has an 
accurate time-base which can be adjusted by means of switches to 
match the speed of a teleprinter signal. To check the speed, the tele­
printer is set to transmit a character continuously and the bright spots 
indicating the received signal are observed on the TDMS. If the speed 
of the teleprinter and TDMS do not match, the spots drift across the 
TDMS screen. To ascertain the speed of the teleprinter, the TDMS 
speed is adjusted until the spots arc stationary, when the speed is read 
from the setting of the TDMS dials.

TELECOMMUNICATION PRINCIPLES C 1980

Students were expected to answer any 6 questions

QI (a) A coaxial cable of negligible loss has constants L = 0-2 pH/m 
and C = 80 pF/m. Calculate for this cable

(i) the characteristic impedance,
(ii) the velocity of propagation, and

(iii) the wavelength at 25 MHz.
(b) A 7-5 m length of this cable has one end connected to a 25 MHz 

source of open-circuit voltage 4 V and internal impedance equal to the 
characteristic impedance. The other end of the cable is connected to a 
load impedance equal to the characteristic impedance. Calculate, for the 
cable length

(i) the input voltage,
(ii) the output voltage, and

(Hi) the phase difference between the input and output voltages.

Al (a) A cable, of negligible loss, has a characteristic impedance, Zo, 
given by

Z‘~^C’ .......... (1)

and a velocity of propagation, rp, given by

' vu-cy 
lf0-2 x 10 

° W0x 10-D/

= 50 Q,
.... 1
' ' ” V(0'2 x 10 s x 80 x IO“12)

1
~ V(16 x 10*18)’ 

10’= = 2-5 x Ips m/s.

(iii) The wavelength, A, is given by

.........  (2)

f
, where A is the wavelength in metres and/is
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the frequency in hertz.

25 X 10»
A “ 25 x 10* ’ ' 10 m.

(b) (i) The circuit arrangement is shown in the sketch. Il can be 
seen that the input impedance of the line is Zg and, hence, the input 
voltage is half of the source voltage; that is, 2 V.

(ii) As the line has negligible Joss, the output voltage is equal in 
magnitude to the input voltage; that is, 2 V.

(Hi) At 25 MHz, 7-5 m of cable corresponds to threequarters 
of a wavelength. Thus the phase difference between the input and 
output voltages is i x 360° = 270°.

Q2 (a) Explain what is meant by “frequency modulation" of a sinu­
soidal carrier.

(b) In a frequency modulator the carrier frequency is shifted by 
1500 Hz per volt of modulating signal. The carrier is a 4 V peak, 
500 kHz sinusoid and the signal, which is sinusoidal, has a peak value 
of 3 V at a frequency of 600 Hz. Write down an expression for the 
instantaneous frequency of the modulator output and calculate the peak 
frequency deviation and the modulation index. Hence, or otherwise, give 
an expression for the instantaneous voltage of the modulator output.

A2 (o) Frequency modulation of a sinusoidal carrier is the form of 
carrier modulation in which the carrier frequency is changed such that 
the deviation in frequency from the nominal carrier frequency is 
proportional to the amplitude of the modulating signal.

(b) The instantaneous frequency is given by
= 500 x IO3 + 3 x 1 ■ 5 x 103 sin 2tr 600f Hz.

The peak frequency deviation is 1500 x 3Hz — 45 kHz.
The modulation index is the ratio of the frequency deviation to the 

modulating frequency. For the conditions given,
4-5 x 103 _ ,

The instantaneous voltage of the modulator output is given by
v = F„ sin (aiff — ij cos

where Fc is the peak carrier voltage, ioL is the angular velocity of the 
carrier, t is time, i/ is the modulation index and com is the angular 
velocity of the modulating signal.

Therefore, for the given conditions
v — 4 sin (2rr x 500 x fOV — 7 5 cos 2- x 600r).

Q3 (a) List four important effects of negative feedback in amplifiers.
(b) A field-effect transistor with gm - 5 mA/E and r^ = 42 kCl is 

used with a 3 kil load resistor in series with the drain in a common-source 
amplifier. Calculate the voltage gain and the output resistance.

(c) Additional components, which take negligible current, are added 
to the amplifier described in part (b) to provide 5% negative feedback in 
series with the input. Calculate the new values of voltage gain and output 
resistance.

A3 (a) When negative feedback is applied to an amplifier the follow­
ing effects result,

(i) The gain of the amplifier is reduced.
(ii) The gain of the amplifier is stabilized against component and 

temperature variations.
(Hi) The input and output impedances are modified.
(iv) Non-linear distortion is reduced.
(b) The equivalent circuit of the amplifier is shown in sketch («). 

The load resistance R^,..  3 kil and r,, 42 kil. Thus, the effective
load, Ri: and r,, in parallel, is 2-8 kil, For a I V input signal, 5 mA 
flows in this effective load, which results in an output voltage of 
5 x 2 8 — 14 V. Thus the voltage gain is 14.

The output resistance is clearly rA and has the value 42 kil.

(h)

(c) Sketch (b) shows the modified circuit.

The voltage gain is ~l, 
in 

X R
where Ff, is the gate-source voltage and R is the effective load.

- 0 05^
Thus, Fout^gmR(F,n-0-05ruat).

. Lint ___  gmR___
’■ P,„ 1 + 005yill«-

5 x 2-8 14
Therefore the gain, with feedback, is - —57 e = T 7 ~1 ~ 0 ■ US X j X x ‘ o J ’ f
The output resistance is calculated from the relationship 

y __ gniR Fn 
“ 1 1 OOS^R'

The open-circuit voltage is —-.
1 + 0-05^X1

For = 1 V, the open circuit voltage is
5 X 42 210

1 4- 0-05 x 5 7 42 ' 11-5 ’
The output resistance can be calculated from the value of R for 

which the output voltage is 9-15 V.

9-15 T 9-15 x 0-05g,„R
• R_______ 915________

" " y,„(l - 9-15 x 0 05)’

- 3 37 kQ.
The output resistance, R,, is the value of resistance which in parallel 

with 40 kQ results in a value of 3-37 kfl.
1,11

R„ ' 40 3-37’
4 0-3 — 0 025.
R„
R, = 3-64 kil.

Q4 (a) An iron-cored transformer has a primary to secondary turns 
ratio of 1 to 3, and the winding resistances are negligible. With the 
secondary terminals open-circuited, the impedance between the primary 
terminals may he represented by 0-4 H in parallel with 8 ktl. A potential 
difference of 15 V with a frequency of 800 Hz is maintained across the 
primary terminals. Calculate

(I) the magnitude of the current through the primary terminals, and 
(ii) the potential difference at the secondary terminals.
(b) A 9 kCl resistor is then connected across the secondary. Determine 

the magnitude of the current through
(i) the primary terminals, and
(ii) the secondary terminals.

A4 (a) The equivalent circuit of the transformer is shown in the 
sketch.

83



TELECOMMUNICATION PRINCIPLES C 1980 (continued}

(i) The current flowing into the primary terminals is the current in 
the parallel circuit of 0-4 H and 8 kQ.

At 800 Hz, 0-4 H has an impedance of 2w x 800 x 0-4 = 2010-6 Q.
The magnitude of Ihe current is the modulus of the vector sum of 

the resistive current and the reactive current; that is,

15V(80002 + 2oio o2) “
(ii) The potential across the secondary terminals is 3 X 15 — 45 V.

(b) With 9 kil across the secondary terminals, the current through
45

the secondary terminals is — —■ 5 mA

This current is equivalent to an extra 15 mA resistive current flowing 
in the primary terminals. Thus the primary current is 6 875 mA 
resistive + 7 46 mA reactive. Therefore, the total primary current is 
y(6-8752 + 7 462) |0. । mA.

Fig. I

Q5 (a) With the aid of a suitable circuit diagram, explain the operating 
principle of the Q-meter.

(6) Q-meter measurements on a coil give the following results
Frequency
Capacitor setting for resonance
Q-factor

2 MHz 2-5 MHz
153 pF 91 pF
200 203

Assuming that the stray capacitance is in parallel with the tuning 
capacitance, calculate

(i) the stray capacitance,
(ii) the inductance, and

(Hi) the series resistance at 2 MHz.

A5 (u) See Q2, Telecommunication Principles C 1979, Supplement, 
Vol. 72, p. 87, Jan. 1980.

(b) (i) The resonant condition is given in both cases by the 
expression

27rvTLCr)’

where f is the frequency, L is the inductance in H and CT is ihe total 
capacitance, including the stray capacitance (G).

10«
2 y 10« '---------------------------2t7\/{(G + 153)£}’

10« 
2-5 x 10« =----------- -- -------------

2-V{(G + 91)L} (2)

Dividing equation (2) by equation ( 1 ) gives:

1•5625 =
G + 153
G + 91 ‘

153 - 142-1875
0-5625

= 19-22 pF,

A6 (a) Thevenin’s theorem states that the current in any impedance 
connected to two terminals of a network is the same as if the 
impedance were connected to a simple generator, whose generated 
voltage is the open-circuit voltage at the terminals in question and 
whose impedance is the impedance seen when looking back into the 
network from the terminals with all generators replaced by their 
internal impedances.

(b) The generator voltage is the open-circuit voltage between 
terminals A and B. This can be calculated by determining the potential 
of both terminal A and terminal B with respect to the low potential 
side of the generator. There arc then two potential divider circuits to 
consider and

20 x 400 20 x 400 x (400 j300)
A " 4OO-rj3OO " 4002 + 3002 v-

20x—j!50 20(—j 150X400 i j300)
■ R ' 200 ji50 4002 + 3002 V' 

. _ 20 x 400 x (400 — j300)+40 x j150 x (400 + j300)
’' « a - 4002 ++002 ■

_ 80(4 — j3) + j60(4 + j3) 
' 42 + 32 ’

320 — j240+j240 — 180
- 42 + 32 ' ’

T - . .
The generator impedance is the impedance between terminals A 

and B when the 20 V generator is short-circuited.
The circuit then becomes Zt in series with Z2 as shown in sketch (a).

' 2 LZ, ¡300 ’* 200

. 7 j300 x 200
■' Z1 200 + j300'

~jl50_x 400 
Z2 400 - jl50 *

.¡(300 x 200)(200 - j300)
Z] 200^+3002........... ’

j6(200 j300)
13' ’

- ¡150 x 400(400 I-j 150) 
- ~ 4002 + |5o’ ’

—j6(400 '-j]50) 
” 18-25 ’ ,

Z, + Z2 - j92 3 + 138-5 - jl3l-5 + 49 3, 
- 187-8 ■ - J39-2.

The equivalent circuit is shown in sketch (b).

Similarly,

Thus,

(ii) From equation (1), 
4x10« 

L ’ 4tt’(19-22 + 153)’
= 588 32 uH.

(Hi) The Q-factor at resonance is given by 2ttfL!r, where r is the 
series resistance of the coil.

Thus, at 2 MHz,
2” x 2 x 10« x 588-32 x 10 « 

:200

56 96 °-
Q6 (a) State Thevinin's theorem,

(b) Determine an equivalent circuit at terminals A and B of the net­
work shown in Fig. I.
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TELECOMMUNICATION PRINCIPLES C 1980 (continued)
Q7 The instantaneous voltage across the output of a transmitter is 
given by K = 24 sin (2n x IO6!) + 4-5 cos (2ir x lO^ — 500)t — 
4-5 cos (2n X 10^ + 500)t. Working from e,„ — Efl + m sin pt) sin 
tot, a general expression for an amplitude-modulated wave, show that 
the transmitter voltage is amplitude modulated and determine

_ F2 36
R R

(a) the carrier frequency,
(b) the frequency of the modulating signal,
(c) the modulation depth,
(d) the peak instantaneous voltage, and
(e) the RMS voltage.

A7 The expression EX1 + m sin Pt) sin ml can be written as 
mEem = If sin mt H—cos (to — p)t — cos (to + p)t.

Comparing this expression with that for the transmitter output 
voltage, it can be seen that

(i) Ec sin mt = 24 sin (2ir X I0«/), and

(,7) Lpcosfoj p)t 4-5cos(2i7 X 10« - 500)/.

(a) The carrier frequency is I MHz.
(b) The modulating signal frequency is 500 Hz.
(c) The modulation depth, m, is calculated from the expression 

mEe -4.5
2

Since Ec = 24, m = x 100% = 37-5%,

(d) The peak instantaneous voltage is £c(l + m)
=24(1 + 0-375) = 33 V.

(e) The RMS voltage is given by
242 4.52

W 2 + 2 '
= 17-56V.

Q8 (a) Discuss the factors which cause power loss in capacitors 
connected to AC supplies.

(b) A potential difference of 6 P, having a frequency of 20 kHz is 
maintained across a 5000 pF capacitor. The capacitor is found to dissipate 
8 p W. Determine for the capacitor

(i) the parallel loss-resistance,
(ii) the power factor,

(Hi) the series loss-resistance, and
(iv) the overall power factor with a 2 fl resistor connected in series.

A8 (b) (i) Let R be the parallel loss-resistance. Then, the power loss

(ii) The power factor is approximately

= 1/(2tt x 20 x 103 x 5000 x 10-12 x 45 x 10«), 
= 3-54 x 10-4.

(iii) The series loss resistance is found by assuming that current in 
the resistance is 6mC, since the series resistance is negligible compared 
with the impedance of the capacitor. Using this value of current to 
calculate the required resistance to dissipate 8 //W gives

capacitor current = 6 / 2- / 20 z 105 / 5000 x 10-'3,
= 3-77 mA.

Power dissipated = I2r = (3-77 x 10 3)2r = 8 x 10“«.

(iv) The overall power factor is given by
wC(0 56 + 2) = 2tt x 20 x 103 x 5000 x 10 12 x 2-56, 

= 1-6 x 10-3,

Q9 (a) Explain the basic principles of time-division multiplexing.
(b) The basic timing of a particular TDM system produces a total of 

2 x 10s samples per second. Given that for each signal the sampling 
frequency must be at least twice the highest frequency component in the 
signal, determine

(i) the greatest number of channels with a maximum frequency of 
4 kHz, and

(ii) the greatest number of 4 kHz channels if the system also carries 
two channels with a maximum signal frequency of 20 kHz.

A9 (a) See A4 (a) (ii), Telecommunication Principles C 1976, 
Supplement, Vol. 70, p. 54, Oct. 1977.

(b) (i) Assuming that a minimum number of samples of 8000 /s 
per channel are taken, then the maximum number of channels is

2 x 10s
8 X IO3 —

(ii) The 4 kHz channels are sampled at 8 kHz and the 20 kHz 
channels at 40 kHz. Then, if n is the number of 8 kHz channels,

(n x 8 x 103) + 80 x IO-3 = 2 x IO3-

Q10 (a) What are the essential features of a sinusoidal oscillator?
(b) Sketch the circuit of a practical oscillator and show how the 

features listed in part (a) are included.

TELEPHONY C 1980

Students were expected to answer any 6 questions

QI (a) Hri/lr the aid of sketches, describe briefly three types of 
signalling system for transmitting dial pulses at 10 pps between two 
telephone exchanges.

(b) What factors influence the choice of system ?

Al (a) Three types of signalling system for transmitting dial pulses 
at 10 pulses/s arc:

(i) Signalling System Direct Current (SSDC) No. 2,
(ii) voice-frequency in-band signalling (SSAC9), and

(iii) out-of-band signalling (SSAC8).
Each of the systems is described.
(/) Sketch (a) shows the principal elements of SSDC2, which is a 

uni-directional DC signalling system using double-current working. 
Relays A and D are Carpenter-type polarized relays and are side­
stable; that is, they remain in the make or break position until a 
current flows through the coils in such a direction as to change the 

condition of the relay. When the outgoing relay-set is seized, relay AA 
(not shown) in the outgoing relay-set operates and contact AAI 
changes-over. Relay D remains in the normal position but, at the 
incoming relay-set, relay A operates, which operates relay AA via 
contact Al. Contact AAI extends a loop forward to seize an incoming 
selector.

When pulsing takes place, contact AAI in the outgoing relay-set 
moves to its normal position during the break period of the pulse and 
thus contact Al in the incoming relay-set moves to its normal position. 
Contact Al repeats the break pulses to relay AA which, in turn, 
repeats them to pulse the selector.

When the called subscriber answers, relay D (not shown) in the 
incoming relay-set operates and at contact DI reconnects the earth to 
the winding of relay A. Relay A remains operated, while relay D in 
the outgoing relay-set is released to initiate the return of the appro­
priate supervisory signals.

(ii) Sketch (b) shows the principles of the IVF in-band signalling
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(<•)

system. Signals in both directions are transmitted as pulses of 2280 Hz 
tone, which are converted to DC pulses by the voice-frequency receiver 
at each end of the circuit. The buffer amplifiers prevent near-end 
speech and noise interfering with reception of voice-frequency signals. 
Signals are interpreted by the terminal relay-sets by detecting their 
duration and their time relationship in the call sequence.

(iii) Sketch (c) shows the principles of out-band signalling. Filters 
are used to separate the speech and signalling paths. Low-pass filters 
are connected in the go and return paths of the 4-wire section of the 
network. The signalling frequency is 3 825 kHz and the band-pass 
filter in the return 2-wire section is designed to provide a low impedance 
at this frequency.

(A) SSDC2 can operate over 2 or 4-wire circuits up to a distance of 
approximately 160 km. AC signalling systems allow far greater signal­
ling distances and are suitable for inclusion in carrier systems, whereby 
a large number of individual telephone channels can be transmitted 
over one system. SSAC9 is prone to voice simulation and signal spill­
over, but is economical for use on long-distance circuits where signal­
ling is not required during speech. SSAC8 is immune from voice 
simulation, permits signalling in both directions during speech and 
avoids signal spill-over.

Q2 For a TXE2 exchange
(a) draw a trunking diagram showing the equipment required for 

setting up an own-exchange call,
(b) describe the principle of path selection used to connect the super­

visory relay-set to the called line, and
(c) explain what limits the number of Unes that can be served by the 

method described in pan (a).

A2 (a) See A6(fl), Telephony C 1974, Supplement, Vol. 68, p. 66, 
Oct. 1975.

(b) and (c) See AIO, Telephony C 1975, Supplement, Vol. 69, p. 75, 
Oct. 1976. '

Q3 For a crossbar exchange
(a) describe, with the aid of sketches of the circuit elements, the 

arrangements necessary to enable a small group of exchange lines to 
serve a PBX identified by one directory number, and

(b) explain what limits the number of Unes that can be served by the 
method described in part (a).

A3 See A5, Telephony C 1978, Supplement, Vol. 72, p. 25, Apr. 1979.

Q4 For a cordless automanual switchboard system
(a) draw a trunking diagram, and
(b) explain its operation when a coin-collecting-box subscriber dials 

100 for assistance in completing an own-exchange call.

A4 (a) See AS, Telephony C 1975, Supplement, Vol. 69, p. 74, Oct. 
1976.

(b) Operation of the cordless automanua) switchboard system for 
non-coin-collecting-box subscribers is given in A8, Telephony C 1975, 
Supplement, Vol. 69, p. 74, Oct. 1976. When a call from a coin­
collecting-box (CCB) subscriber is answered, the CB signal lamp will 
glow and the call timer will be automatically set for CCB conditions. 
The call will then be dealt with in a similar manner to a non-CCB call. 
On certain types of CCB call (for example, transfer charge) it may be 
necessary to reset the call timer for ordinary-call conditions. This is 
achieved by operating the ord/cb key to ord while the corresponding 
connecting-circuit key is thrown to the speak position. The signal lamp 
on the display panel will also be changed from cb to ord.

Q5 A fault disables (busies) all but two circuits of a full-availability 
junction route for 1 h 23 min 20 s. During this period 500 pure-chance 
calls of | min average duration are offered to the working circuits non- 
sequentially.

(a) Show by calculation whether more or less than half of these calls 
will be successful.

(b) How much traffic is carried by each of the two working circuits?
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A5 (a) As the traffic carried by the two circuits is normally calculated 
over a I h period, it is assumed that the 500 pure-chance calls are 
uniformly spread throughout the I h 23 min and 20 s period so that a 
proportional amount can be considered during t h.

The fault lasts for 1 It 23 min 20 s or
3600 I- 60 x 23 + 20 5000

3600 3600 "

The number of calls offered during 1 h is

^x 500 = 360 calls.

A magnetized ferrite core has two saturated states caused by 
applying a magnetizing force of at least Hc in the appropriate direction 
to give a magnetic flux density of either + Bm or — B,,, With the 
magnetizing force removed, the remanent flux, Br, is almost equal to 
the maximum flux, and therefore the core stays in the state at which 
it is set.

If the hysteresis loop is nearly rectangular, there will be two distinct 
possible magnetic states, either near-positive saturation (state 1) or 
near-negative saturation (state 0). A change from one state to the other 
will occur only if the magnetizing force is greater than the critical 
value Hc; thus, the core can be used as a storage device with two stable 
states.

The traffic offered to the two circuit groups is 
number of calls x average holding time,

= 360 x = 3 erlangs.
■SOW

The grade of service, B =

A!
1 J. A 4- 4- -U1 + X + 2! + 3! + ' ■ ■ A!

where A is the traffic offered in erlangs and A is the number of circuits.
For the two-circuit group,

32 9
„______2 _ = 2 4-5

1+31+3+|

= 0-5294.
As the grade of service is traffic-lost/traffic-offered, the traffic lost is 

more than half of the traffic offered and therefore less than half of the 
calls wilt be successful.

(b) Traffic carried by the first circuit =

Traffic lost by the second circuit =
B x A = O'5294 x 3 =- 1 ■ 5882 erlangs.

Traffic carried by two-circuit group =
traffic offered — traffic lost,

= 3 - 1-5882 = I-4118 erlangs.
Therefore, traffic carried by the second circuit = 

1-4118 - 0 75 = 0-6618 erlang.

Q6 (a) Describe with the aid of sketches, the principle of operation of 
a ferrite core as a storage device.

(b) Explain how a matrix of ferrite cores can store a number of digits,
(c) How may the information be retrieved?

A6 (a) A typical hysteresis loop for a ferrite core used in a matrix 
store is shown in sketch (a).

(b) Sketch (b) shows sixteen ferrite cores arranged in a 4 x 4 matrix 
with read and write facilities.

Each core is threaded by a row wire (x) and a column wire (y). To 
change the state of a particular core, current pulses of half of the value 
required to switch the core are applied simultaneously to the appro­
priate row and column wires which intersect at the required core. At 
this point of intersection, the total magnetizing current will be sufficient 
to switch the core to the ! state. Other cores in the row and column 
receive only half the value of magnetizing current required to change 
state and thus stay unchanged. Each core can be changed, if required, 
in turn so that the matrix can store up to 16 binary digits.

(c) To retrieve the information which has been stored, the column 
and row wires arc pulsed by half-current pulses in the opposite sense 
to that used to write information into the store. If the core at 
the intersection of the two wires carrying coincident pulses is in the 
I state, it will change to the 0 slate. This produces a large change in 
the magnetizing force which induces a large output signal in the 
common output wire. If the core is in the 0 state there will be only a 
small change in the magnetizing force, inducing a small signal in the 
output winding. Each core can be accessed in turn to give an output, 
thus reading out the 16 binary digits serially.

(a)

Q7 Multi-frequency signalling is used in a transit network.
(a) State the benefits derived from this form of signalling.
(b) Describe the signalling code and the sequence of signals during call 

set-up.
(c) What considerations lead to
(l) the number of frequencies, and

(ii) the choice of frequencies?

A7 (a) See AI0(6), Telephony C 1973, Supplement, Vol. 67, p. 74, 
Jan. 1975. '

(b) For a description of the sequence of signals during call set-up 
see A10 (n). Telephony C 1973, Supplement, Vol. 67, p. 74, Jan. 1975.

The signalling code is based on two frequencies out of six for the 
forward direction and two frequencies out of five for the backward 
direction. The frequencies are within the speech band and spaced 
120 Hz apart.

(c) (i) The number of frequencies used is determined by the number 
of possible signals which it is required to send. The number of codes
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available in a two-out-of-n code is given by — . Thus a two-out-

of-six code will give 15 combinations and a two-out-of-five code will 
give 10 combinations.

(ii) The choice of frequencies is determined by
(1) the need to keep the signal frequencies within the speech band,
(2) the need to keep the signal frequencies below the 2280 Hz line­

signalling frequency to avoid mutual interference,
(3) the need to keep above 600 Hz as frequencies below this are 

more attenuated and prone to group delay, and
(4) the need to avoid harmonic simulation of the 2280 Hz frequency 

and intermodulation products with 2280 Hz or the channel frequencies 
of frequency-division multiplex systems.

(iii) The call could be set-up via level 9 (short code dialling) in the 
situation shown in sketch (a); that is, routeing between adjacent charge 
groups, with the call charged at local rate.

(ri') The call would be set-up via level 0 (National number dialled) 
in the situation shown in sketch (b); that is, routeing between non­
adjacent charge groups. The call could be set-up via level 0 in the 
situation shown in sketch (o) as it is a long-term planning objective to 
eliminate short code dialling.

(b) For local calls, the tariff equipment is located in the originating 
local exchange. For STD calls, the tariff equipment is located in the 
originating GSC.

(c) See A8 (b), Telephony C 1978, Supplement, Vol. 72, p. 26, Apr. 
1979.

Q8 (a) For a cal! from non-director exchange A, via its group switching 
centre (GSC) B, to a subscriber directly connected to GSC C, explain 
the circumstances in which the call would be

(I) charged at local rate,
(ii) charged at trunk rate,

(Hi) set up via level 9 (short code), and
(ir) set up via level 0 (National number dialled).
Assume that A and C are in different charging groups, both adjacent 

to B.
(b) State where the tariff equipment is located for local and STD calls.
(c) Explain briefly how the meter pulses are conveyed to the sub­

scriber’s meter on an STD call.

A8 (u) (i) Sketch (a) shows the circumstances in which the call 
would be charged at local rate. Charging group A is adjacent to both 
charging group B and charging group C.

SSL L

CHARGING GROUP «

CHARG NC
SAGOPC

CHARGING
GROUP 0

(H) Sketch (b) shows the circumstances in which the call would be 
charged at trunk rate. Charging group A is not adjacent to charging 
group C. Sometimes calls between exchanges in adjacent charging 
groups are charged at trunk rate because, for example, a range of 
mountains separate adjacent charging groups requiring long and 
expensive circuits to link the exchanges.

Q9 Consider a 2000-line crossbar local exchange.
(fl) Sketch the trunking diagram.
(b) Give typical quantities for the various items of equipment shown 

in the diagram.
(c) Explain what is meant by the repeat-attempt facility and describe 

how it is performed.

A9 (a) The sketch shows a trunking diagram for a typical crossbar 
local exchange.

INCOMING ROUTER

Note: Arrows denote direction of trafile flow

(b) (/) The distributor contains two ranks of crossbar switches: 
distributor switches A (DSAs) and distributor switches B (DSBs). 
Each DSB can cater for 25 line circuits and there are 20 DSBs in ally 
so that one distributor accommodates 500 subscribers' lines (20 x 25). 
An exchange of 2000 lines would require 4 distributors.

The number of DSAs within a distributor ranges from 6 to 16 
depending on the traffic through the distributor. If the number 
exceeds 8, the extra switches are parallel to the existing switches in 
such a way as to give the same number of outlets but double the 
number of inlets; thus, if 16 DSAs are needed, there would be 
16 x 10 - 160 inlets and 8 x 25 200 outlets,

(ii) The line marker is provided on a one-per-distributor basis.
(iii) The router contains route switches, up to 160 transmission 

relay groups, about 20 registers and two router controls. A route 
switch consists of two crossbar switch stages, RSAs and RSBs. There 
can be between 8 and 16 RSAs depending on the traffic, in a similar 
manner to the DSAs. There are 20 RSBs. Each router carries about 
100 erlangs of traffic (originating and incoming-junction traffic). For a
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2000-line exchange with an originating busy-hour calling rate of 
0-04 erlang per line and 50% outgoing-junction traffic, two routers 
would be required.

(c) During the setting up of a cal! in the crossbar exchange the 
router control is seized, which times each sequence of operations 
according to signals received from each stage. If a signal is not received 
at the appropriate time, the router control indicates the fault to the 
register and clears the call down. Before the router control releases, 
the equipment monitor is seized and all the information about the call 
and the type of fault is sent into this. The equipment monitor prints-out 
the information in coded form to be decoded by the maintenance 
officer. Meanwhile, the register, which has stored all the setting-up 
information, seizes the other router control and makes a second 
attempt to complete the call.

qio The circuit shown in Fig. 1 shows a chargeable time clock associ­
ated with a sleeve-control cord circuit.

(a) Explain how the call is timed.
(b) What purpose is served by the capacitors and resistors associated 

with contacts PPI and PP2 ?

AID (fl) See A5 (a), Telephony C 1974, Supplement, Vol. 68, p. 65, 
Oct. 1975.

(6) The purpose of the capacitors is to provide a DC block; that is, 
to prevent any DC conditions associated with the 900 Hz tone supply 
being connected to the line. The purpose of the resistors is to limit the 
current flow from the 900 Hz tone supply. Each capacitor and resistor 
forms a particular impedance in series with the 900 Hz tone supply. 
As the tone supply is common to a number of cord circuits, the 
impedance provides a means of tone distribution.

Note: Contact PSI closes 3 times every 6 s

Fig. 1

TELEGRAPHY C 1980

Students were expected to answer any 6 questions

QI (a) With the aid of trunking diagrams or equivalent explain how 
access may be gained to a manual international switchboard from a sub­
scriber on a small local automatic Telex exchange.

(b) Draw a block diagram of a switchboard system and explain its 
operation when handling a call routed over an international cable circuit.

Al (a) The sketch shows how access may be gained to manual 
international switchboard equipment from a small local automatic 
Telex exchange. The first selection digit dialled causes the first group 
selector in the exchange to step to level 2 and seize a free London trunk 
circuit. Digits 0 and 1 follow to position the London zone exchange 
selectors to seize a free switchboard circuit: the call waits in a queue 
until an operator is free to answer. The time-zone equipment at the 
local exchange also steps in response to the digits but, as the switch­
board operator charges for the call by ticket procedure, metering 
pulses are not applied to the subscriber's meter during the call.

(6) See A6, Telegraphy C 1978, Supplement, Vol. 72, p. 45, July 1979.

Q2 A Telex station is connected to an automatic exchange by a short 
physical circuit.

(a) List, in order, the potentials and teleprinter signals on the receive 
wire and the send wire when

(i) making a call to a subscriber's terminal which is not engaged, 
(ii) clearing the call, and

(Hi) making a call to a subscriber's terminal which is engaged.
(b) Explain the action of the circuit if the subscriber does not wish to 

receive calls and switches off the power.

Al (a) (i) When the station is idle and no call is connected, +80 V 
potential is connected to the send (S) wire at the subscriber’s station. 
This potential is looped at the exchange and connected to the receive (R) 
wire to the outstation.

When an outgoing call is to be made, the dial key on the subscriber's 
unit is operated, which connects 80 V potential to the S-wire. A 
rectifier in series with the circuit at the exchange prevents the connexion 
of the negative potential to the R-wirc, which remains at zero potential 
until a free group selector and time-zone equipment are seized, at which 
time earth potential is connected to the R-wire. This is interrupted by 
the proceed-to-select signal, which consists of negative potential 
connected for 50-100 ms and which indicates to the calling station that 
dialling may begin.

When the outstation call lamp lights in response to the proceed-to- 
select signal, the dial may be operated. The selection signals from the 
dial, consisting of double-current (±80V) signals of nominal 60/40 
positive/negative ratio at 10 pulses/s are transmitted on the S-wire. 
When the connexion has been established, negative potential is con­
nected to the station R-wire by the exchange equipment. With the call 
established, either station may transmit double-current signals; when 
either station is idle, —80V potential is connected to line bythat station
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(H) To release the call, the station clear key, which connects 

4-80 V potential to the S-wire, is operated. If the key is operated for at 
least 325 ms, this is recognized as a clear signal by the exchange 
equipment and the switches are released. Earth potential is connected 
to the out-station R-wire so that current ceases to flow in that wire and 
the outstation control-unit releases. The release of the control-unit 
reconnects positive potential to the S-wire to provide the normal 
disengaged condition to the exchange.

(Hi) The potentials on the line arc similar to those for a call to a 
disengaged subscriber in part (i) until the conclusion of the train of 
selection signals. If the called subscriber is engaged, no answer-back 
signal is transmitted from that terminal. The time-zone equipment waits 
for 1800 ms after transmitting the wru signa! and, when no answer­
back signal is detected, transmits the service signal occ to the calling 
subscriber. The occ signal consists of 300 ms negative potential 
followed by the characters c/r l/f l/s occ c/r l/f. A positive 
clearing signal follows to release the exchange equipment; earth 
potential connected to the R-wire clears the station as for a normal call.

(6) When it is required to close the station to incoming traffic 
(for example, when changing paper or because the subscriber wishes to 
prevent messages arriving at the station when it is unattended) the 
power supply to the station unit is switched off. With the disconnexion of 
the positive potential on the S-wire, the subscriber's line equipment in 
the exchange hunts for a free group selector. This switch cannot hold, 
however, as negative potential is not present on the S-wire and in the 
subscriber's line circuit the 700 ii negative potential connected to the 
PX-wire of the final-selector multiple is disconnected. When any call is 
routed to that subscriber, the final selector detects the absence of 
potential on the PX-wire and connects the service signal abs to the 
calling subscriber. This is followed by positive potential to clear the 
call.

Q3 (a) With the aid of a trunking diagram or equivalent of a Telex area 
exchange, mark the location of

(i) automatic traffic recorder recording points, and
(ii) other totalling meters (except subscribers’ meters) which record 

effective and ineffective calls.
(b) Explain the operation of the traffic recorder in an automatic 

Telex exchange.

TR: Automatic traffic recorder
CD A: Call distribution analysis 

M: Overflow meter
LCM: Late choice cal! and unit 

meters connected to last 
outlet of first selector grading

TCA: Total call attempts meter 
GOM: Station line group overflow meter

A3 (a) The sketch shows the location of automatic traffic recorder 
recording points and other totalling meters in a Telex area exchange.

(b) See AID, Telegraphy C 1975, Supplement, Vol. 69, p. 70, Oct.
1976.

Q4 (a) Explain how a photo-electric cell is used to convert light signals 
to electrical signals in a phototelegraph facsimile system.

(b) With the aid of a block diagram describe the operation of equip­
ment which contains a photo-electric cell and is used for transmitting 
pictures.

(c) What frequencies are used and what is the bandwidth required for 
the system ?

A4 (a) A photo-electrical cell used for facsimile equipment consists of 
an evacuated or gas-filled envelope containing an anode and a cathode. 
The latter is covered with a very thin deposit of caesium-silver which 
reacts to the presence of light by emitting electrons at a rate propor­
tional to the intensity of the light. The anode, which is at a positive 
potential with respect to the cathode, attracts the electrons, causing a 
current to flow in the external anode-cathode circuit. A load resistor in 
the external circuit is used as a source of voltage which is directly 
related to the intensity of the light incident upon the cathode. The 
polarizing voltage is of the order of 150 V but, as the cell produces a 
very low current (about 130 mA/Iumen), it is necessary to amplify the 
signal, and the components of the circuit must be screened to prevent 
interference.

A device frequently used is a multiplier type of vacuum cel! housing 
auxiliary electrodes, called dynodes, which are at progressively higher 
potentials from the cathode to the anode. As the emitted electrons from 
the preceding stage strike each dynode, a greater number of electrons 

tare emitted to bombard the succeeding stage. This gives the required 
amplification within the cell. A 9-stage multiplier cell of this type has a 
sensitivity of about lOA/Iumen, with a maximum anode current of 
I mA.

(*)

(b) Sketches (a) and (b) show the arrangement of facsimile telegraph 
equipment suitable for the transmission of a picture. Sketch (a) shows 
the optical system employed at the transmitter. The picture is mounted 
on a drum which rotates and moves longitudinally so that the scanning 
beam of light covers each section of the picture consecutively in the 
form of a helix. Light is reflected from the picture on the drum and is 
detected by a photo-eiectric cell; the light is interrupted 7200 times each 
second by a chopper disc. The output from the cell depends on the 
intensity of the light reflected from the picture and can be used to 
reproduce a similar picture on photo-sensitive paper at the receive 
terminal.

Sketch (¿>) shows the electrical system at the transmitter. The cel! 
current is amplified and passed through a high-pass filter with a cut-off 
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frequency of 5 kHz. The picture frequencies of 0-1 kHz are removed 
and a carrier of 7-2 kHz, modulated with the picture frequencies 
0-1 kHz, remains. This signal is applied to a frequency changer with an 
oscillator frequency of 5-9 kHz; this delivers a carrier of I-3 kHz 
modulated with the picture signal, which is selected by the low-pass 
filter. The 1 -3 kHz modulated carrier is amplified before transmission 
to line.

Synchronization between transmitter and receiver is by means of the 
tuning fork and phonic motor method. The transmitter and receiver 
fork frequencies are synchronized by observation on a cathode-ray tube 
and one of the forks is adjusted to match the other. Phase synchronism 
is achieved by the use of magnetic clutches at both ends.

(e) See A9, Telegraphy C 1978, Supplement, Vol. 72, p. 46, July 
1979.

modulation rate = 1000 + -5,
2o

= 186j bauds.
In order to ensure that all traffic is cleared from the system, even 

though a teleprinter motor is running fast or characters are held in the 
buffer store, the ARQ system has a character repetition cycle of 
145^ ms. In this case the aggregate modulation rate of a 4-channe1 
system would be

1000 + 2o
= 192 bauds.

Q5 For an automatic error-correcting (ARQ) multiplex system used on 
a high-frequency radio circuit

(a) explain the reason for and describe the operation of
(i) signal alpha and signal beta,
(ii) a buffer store, and

(iii) character interleaving, and
(b) if the system can accommodate four Telex circuits calculate the 

aggregate modulation rate of the system using a 7-unit code.

Q6 (a) With the aid of a trunking diagram or equivalent explain the 
progress of a local call through an automatic Telex exchange.

(b) With the aid of circuit or logic diagrams explain the operation of 
the equipment in response to the final two digits of the call

(i) if the called circuit is free, and
(ii) if the first Une of a group of circuits to one subscriber is engaged but 

other lines are free.

A6 (o) The trunking diagram for a 500-line Telex area exchange is 
shown in sketch (a).

A5 (a) (/) Of the 35 combinations in the 7-unit error-detecting code, 
32 are used for characters in the 5-unit code and the remaining 3 are 
used for the alpha, beta and RQ supervisory signals.

The alpha signal corresponds to a continuous space signal (or start 
polari ty) and is the Telex clearing signal. This is continuously transmitted 
while a channel is idle between calls.

The beta signal corresponds to a continuous mark (or stop polarity) 
and is the Telex calling signal. The beta signal is continuously trans­
mitted during idle time while a call is in progress.

As the ARQ system is a synchronous time-division multiplex system, 
a signa! must always be present on each channel to maintain the 
correct time relationship between each end. Should transmission 
conditions deteriorate while the alpha or beta signal is present, a 
correction cycle would be initiated.

(ii) An ARQ system is used for transmitting telegraph messages 
over high-frequency radio routes. The system converts each character of 
the transmitted message to a 7-unit code having a start-to-stop (space- 
to-mark) signal polarity ratio of 4 : 3. Mutilated characters can thus be 
detected and retransmitted on receipt of an RQ signal from the distant 
terminal. Two or three characters may have followed a faulty character 
before the RQ signal is received from the distant terminal, and the 
transmitting terminal therefore stores up to 4 characters to take 
account of the propagation time. As the store can becomefull when the 
radio route is incapable of carrying traffic (known as the cycling 
condition), incoming signals must either be controlled by the use of a 
pulsed automatic transmitter at the customer’s premises, or, in the case 
of a Telex circuit where the use of release pulses for an automatic 
transmitter is not feasible, by a buffer store, which is provided to retain 
the Telex message until the radio circuit is again available. Thestore can 
hold 4000 characters or more, and may use paper tape, a magnetic 
drum or a core store. The traffic from the subscriber's teleprinter or tape 
reader is fed directly into the store and is extracted from it under the 
contro! of release pulses from the ARQ equipment when the route is 
clear. The characters held in the store are transmitted at a rate of 
411/min compared with a maximum input rate of 400/min from a 
50 baud Telex circuit. This ensures that the store can clear faster than it 
can ftil after a period of cycling.

(iii) A high-frequency radio circuit has capacity for more than one 
circuit and, because the circuit is synchronous, time-division multiplex 
techniques must be used if more than one circuit is to be accommodated. 
In a 2-channel ARQ system, signals from two sources are interleaved. 
To maintain the original character clearance rate of the separate 
channels the duration of each signal element is halved, and this requires 
double the bandwidth. It would appear that no advantage is gained; but 
transmission on a time-division multiplex system allows one channel the 
exclusive use of the system for a short period, and during that time full 
power may be used to give a good signal-to-noise ratio. Character inte- 
leaving is preferred to element interleaving because a mutilated 
character may be detected earlier at the distant terminal and a request- 
to-retransmit (RQ) signal may be originated as quickly as possible.

(b) The modulation rate of a Telex circuit is 50 bauds, with a 
transmission time for each element of 1000 : 50 - 20 ms. Each 
character consists of five code elements (100 ms) with one start element 
(20 ms) and one stop element (30 ms), a total character duration of 
150 ms. If four Telex channels are to be interleaved, the ARQ circuit 
must be capable of transmitting 4 characters in 150 ms. Each ARQ 
character consists of 7 code elements. The ARQ circuit will therefore 
have to transmit 4 x 7 = 28 elements in J50 ms. One element will be 
transmitted in 150 ; 28 ms giving

SUBSCRIBERS

(«)

To originate a call, the dial key on the subscriber's control unit is 
operated, which connects a calling signal to the subscriber’s line circuit. 
The uniselector associated with the line circuit hunts for a free first 
group selector which is associated with a time-zone equipment. When a 
free first selector has been found, a proceed-to-select pulse, of negative 
polarity, is transmitted to the subscriber's station, causing the tele­
printer motor to start and lighting a lamp to indicate that dialling may 
begin.

The time-zone equipment is permanently associated with a first 
selector and controls the operation of the subscriber's meter. The first 
train of dial pulses causes the group selector lo step vertically and to 
hunt horizontally for a free second selector, which is stepped vertically 
by the second train of pulses. For a local call, in the exchange shown, 
the first two digits dialled will be 73. The time-zone equipment also 
operates to the first two digits, stepping a two-motion selector vertically 
and horizontally to select the correct meter-pulse connexion for a local 
call.

The third dial-pulse train energizes a group selector in a similar 
manner to the first and second selectors, and the final two pulse trains 
control the vertical and horizontal operation of a final selector to give 
connexion to the required subscriber. When the call-connected signal is 
received by the time-zone equipment, the who-are-you (wru) signal is 
transmitted to the called subscriber and the answer-back signals are 
passed through the exchange to ihe calling station; the answer-back 
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signals are detected by the time-zone equipment and metering begins. 
When the call is finished either party may clear the connexion. Service 
signals are transmitted to the caller if the called subscriber is engaged 
(occ), if the called subscriber’s station is closed (abs) or if a spare 
number has been selected (np).

(b) (i) See A4, Telegraphy C 1975, Supplement, Vol. 69, p. 69, Oct. 
1976. ' '

(ii) The circuit arrangement is shown in sketch (b).

Lines forming part of an auxiliary group are marked by the connex­
ion of positive potential to the PX-wire of all lines except the last one 
of the group; this line is marked with negative potential. If the first line 
is engaged, relay AH does not operate on the release of contact CD3, 
Relays E and ER are slow to release, and relay G operates to the posi­
tive potential on the PX-wire through contacts CD4 released and ERI 
operated. Contact G2 maintains relay E which, in turn, maintains relay 
ER; contact GI connects earth potential from contacts CD3, AHL Hl 
to the rotary magnet through the 2-10 coil of relay G. The operation 
of the rotary magnet causes the switch to step to the next outlet and the 
rotary-magnet springs RM! disconnect the circuit to the rotary-magnet 
coil. Relay G remains operated as the PX-wiper moves between outlets.

When a free line is found, relay AH operates and disconnects the 
rotary magnet circuit at AHI; the switch remains on this line. Contact 
AHI also removes the short-circuit across relay H which operates and 
switches the circuit to the called subscriber. A contact of relay H also 
disconnects relay ER which releases relay G at contact ERI.

Q7 (a) What tests and modifications are required to be made on a 
telephone circuit which is to be used as a bearer circuit for a multi-channel 
voice frequency (MCVF) telegraph system ?

(b) What factors govern the amount of power to be transmitted to line 
tor each telegraph circuit?

(c) What tests and checks should be performed on a new MCVF 
system before it is brought into service?

A7 (a) and (c) See A3, Telegraphy C 1976, Supplement, Vol. 70, 
p. 65, Oct. 1977.

(b) The value of the current transmitted to line must be high enough 
to minimize crosstalk interference from neighbouring circuits and 
channels, and give a good signal-to-noise ratio, but it must not be so 
high as to cause interference in adjacent circuits. In addition, the current 
must not overload the line amplifiers, as this would cause distortion of 
the waveforms due to the production of harmonics. The power in each 
channel is adjusted to a value which ensures that the overall limit of the 
system is never exceeded.

If the maximum power permitted for a system of N channels is 
W watts, with a line of characteristic impedance Z ohms, the maximum 
voltage, E, is obtained from the formula E = VlkEZ).

The voltage is at a maximum when ail the carrier frequencies reach 

peak amplitude simultaneously. The maximum permissible voltage/ 
channel, e, is given by

E N<WZ) . e — — —------ volts N N ’
and the maximum power/channel

e2 WZ W
~Z~ WZ N2 watts'

The maximum power for a multi-channel voice-frequency (MCVF) 
system has been standardized internationally at 5 mW. For an 18- 
channel system, the maximum power/channel

_ 5 x 10 J
182 15/<W.

This enables telegraph systems to use telephone circuits with negli­
gible interference to neighbouring circuits. A value of 10 /zW/channel is 
used in practice, as it has been found that the slight decrease in signal- 
to-noise ratio is more than compensated for by the reduction in inter­
channel interference due to cross-modulation.

Q8 A message-relay system is to be considered for a business with 
locations in different parts of the country.

(a) State what the advantages and disadvantages are of
(i) a single relay centre as compared with a network of several 

centres,
(ii) automatic centres as compared with manual centres, and
(iii) the use of a relay system as compared with the provision of 

Telex stations.
(b) Slate what precautions are taken against lost or mutilated messages 

in
(i) manual relay systems, and

(ii) automatic relay systems.

A8 (a) (j) The advantages and disadvantages of a single relay centre 
as compared with a network of several centres are;

Advantages Disadvantages

Only one stage of transmission. 
No inter-centre circuits 

required.
Central administration 

with only one operating 
force.

Easy control of broadcast.

Costly individual circuits to 
each station.

Concentration of all traffic in 
one office could lead to one 
breakdown affecting all 
services.

(ii) The advantages and disadvantages of automatic centres as 
compared with manual centres are:

Advantages Disadvantages

No operators required.
Fast working.
Operates 24 hours per day.
Simple broadcast procedure.
Effective application of 

priority.

Costly technology and 
maintenance.

Rigid formats required.
Risk of breakdown affecting 

all lines.
High peaks of traffic and 

overflow cannot be dealt 
with as easily as in a manual 
system.

(iii) The advantages and disadvantages of a relay system as compared 
with the provision of Telex stations:

Advantages Disadvantages

Relay system offers easy 
broadcast, priority, fast 
transmission and a queuing 
facility, but gives no 
assurance that message has 
reached destination.

Telex costs are high and setting 
up is time consuming; 
lines may be engaged; 
broadcast facility 
not readily available.

Telex gives assurance by 
answer-back or 
conversational mode that 
message has reached 
destination.

92



TELEGRAPHY C 1980 (continued)
(b) (i) To deal with lost or mutilated messages in a manual system it 

is customary to number each message between centres. 
The numbers form part of the preamble to each message and are in 
sequence. The distant equipment, or operator, checks that the sequence 
is maintained, and lost or mutilated messages are retransmitted on 
request. Monitor teleprinters are connected to provide copies of 
incoming and outgoing messages for retransmission. The perforated 
tapes are also retained for several days, in case they arc required. 
Further safeguards are provided by paper-fail, motor-fail, and incoming­
message alarms,

(ii) Three features of an automatic relay system protect messages 
from irretrievable loss. The first is the use of incoming-channel sequen­
tial message-numbering equipment, which checks that the serial number 
carried as a prefix to each message is one integer greater than that of the 
previous message received on that channel. This enables missing 
messages to be identified and a request made to the originating station 
for the message to be retransmitted. Messages in transit through the 
system are safeguarded by measuring the delay time in storage, and by 
periodically checking the transmission paths through the system. 
Alarms are provided to indicate the faulty equipment, and any message 
in store is routed to the manual positions. The third safeguard is the 
provision of a monitor teleprinter for each outgoing circuit. Each 
outgoing message is recorded so that a lost or mutilated message can be 
retransmitted if requested.

Q9 (a) What are the advantages of routine testing equipment in an 
automatic Telex exchange ?

(b) List the facilities provided by and describe the operation of a 
semi-automatic tester for any one main type of switching equipment.

(c) What are the merits or otherwise of providing a fully automatic 
routiner in place of the tester ?

A9 (a) A semi-automatic routine tester normally consists of trolley­
mounted equipment with plugs and cords for connexion to the equip­
ment under test. With the appropriate connections made, and the 
equipment to be tested disengaged, the operation of the start key 
causes a series of tests to be applied automatically. The progress of the 
cycle of tests is indicated by a scries of lamps, one of which lights during 
the progress of each test. In this way, one tester quickly applies tests 
which would otherwise have to be made, possibly one at a time, with the 
aid of box testers or calibrators. The semi-automatic tester normally 
only requires one connexion to be made to each item of main equip­
ment, and a complete cycle of tests is completed in about one minute. 
The tester thus eases the work of the maintenance staff and improves 
the service by enabling more frequent and regular checks of main 
equipment to be made. The tester is used at frequent intervals to 
detect incipient faults and enables equipment to be repaired before it 
causes a break in service. This is particularly useful for common 
equipment where a faulty switch may affect a number of calls before the 
fault is noticed. Testers of this type are also used for acceptance 
testing new equipment when a new exchange is installed or when an 
existing one is extended.

(b) A typical tester for a group-selector checks that
O') the selector is disengaged,
(ii) the potentials on the S-wire are correct,

(Hi) the operation of relay A to minimum and maximum current 
value is satisfactory,

(iv) the release times of relays B and CD are within limits,
(v) the selector steps vertically to 50% and 80% break pulses at 

12 pulses/s,
(vi) the selector switches to the HA choice on outlet 19 of level 9 and 

to the HB choice on outlet 20,
(vii) backward P-wire guarding is provided,
(viii) the time to reach outlet 20 on level 9 and the time to return to 

normal from this contact are within limits, and
(¿x) the service signals are transmitted from the eleventh step.
The lamps on the tester indicate which test is in progress; if a fault is 

found, the tester stops and the appropriate lamp indicates the test 
which has failed. An additional lamp indicates that the cycle of tests 
has been successfully completed.

Plugs and cords are used to give the tester access to the equipment to 
be tested. One cord is connected to the group selector under test to give 
connexion to the test points within the selector. Further cords are 
connected to the rack for access to power supplies ( 50 V and ±80 V), 
service signals (occ, np, etc), phasing pulses and lest lines. The latter 
are circuits connected to contacts 18, 19 and 20 of level 9 so that the 
tester may gain an indication that vertical stepping and switching has 
been satisfactory.

Connexions are also provided on the tester for a relay-timing tester 
so that the tester timing elements may be adjusted before use.

(e) A semi-automatic routine tester consists of trolley-mounted 
equipment which has to be placed in position near to the group 
selectors and plugged-in to rack supplies. The tester has also to be 
plugged-in to the group selector under test and started manually. If a 

fault is detected, the tester stops until the operator has made a note of 
the fault and restarted the tester. The tester therefore requires constant 
attendance involving what is repetitive and uninteresting work. The 
tester does, however, provide the facility of repeating tests at leisure, 
and of testing the switch when the fault has been cleared; for an auto­
matic routiner, this would require the operator to walk between the 
selector and the control panel.

The tester is relatively inexpensive to provide, does not require rack 
space nor space for access selectors, and may be stored in a room away 
from the apparatus floor; also, it does not require permanent wiring 
between the routiner and access and group-selector racks.

The advantages of a routiner are in operator economy, night and 
weekend testing, increased frequency of testing, testing before the 
exchange becomes busy, regular tests, tests of greater complexity and 
the facility of maintenance control by numbered and dated fault 
dockets. The routiner is more costly to design and purchase and 
occupies valuablefloor space in an exchange. When all factors have been 
considered, it is normally a question of the number of group selectors an 
exchange will contain. Above a certain number, an automatic routiner 
is more economic and effective than a semi-automatic routine tester.

Q10 Selection signals are transmitted over telegraph circuits to establish 
connexion with a distant subscriber.

(a) With the aid of a circuit diagram explain how one train of dial 
pulses operates a 2-motion group selector.

(b) Describe how dial-pulse selection signals may be passed over a 
Telex circuit containing a regenerative repeater.

(e) What form do selection signals take on a radio circuit served by 
automatic error-correcting (ARQ) equipment and why?

(d) Describe the TWO uses of selection signals and the form which they 
take in an international exchange with automatic ticketing.

DIAL fUkSINC
SPRING SET

A10 (n) The sketch shows the operation of a 2-motion group selector, 
in response to a train of dial pulses. When the selector is seized, relay A 
operates to the —80V potential from the dial; contact Al operates 
relay B and contact B3 operates relay CD. When the dial is operated, 
dial pulses each nominally composed of a 4 80 V potential for 60 ms 
followed by 80 V potential for 40 ms are transmitted. Relay A 
releases to -1-80 V potential because of the action of rectifier MRI and 
reoperates to —80 V potential. During the first pulse, relay A releases 
and contact Al short-circuits relay B, making it slow to release with a 
lag of 150-225 ms, and operates the vertical magnet VM via the 5 fl coil 
of relay CD. The vertical magnet causes the selector wipers to take one 
vertical step, operating the off-normal springs N. Contact N5 changes 
over, leaving relay B dependent on the earth at contact Bl and short 
circuits the 700 fl coil of relay CD, thus making it slow to release.

Relay A reoperates at the end of the first — 80 V, or break, pulse and 
contact Al disconnects theshort circuit on relay B. The current in the 
VM coil and the 5 fl coil of relay CD is reduced to such a value by the 
resistance of relay B that VM releases and relay CD is dependent on its 
slow-to-release feature. The removal of the short-circuit re-energizes 
relay B.

Relay A, and consequently VM, release and reoperate in accord with 
the +80 V and —80 V pulses appropriate to the dialled digit and the 
wipers are stepped to the selected level. Relay CD receives pulses of
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TELEGRAPHY C 1980 (continued)
current in the 5 fl coil during the 60 ms break pulses and these, in 
conjunction wilh the slow to release feature imparted by the 700 fl 
coil, are sufficient to hold the relay operated during the pulsing.

Relay A remains operated to the negative potential at the end of the 
pulse train. Relay CD releases at the end of its lag period and at contact 
CDI disconnects the vertical magnet circuit. The circuit is now prepared 
for rotary hunting for a free outlet.

(b) A regenerative repeater in a telegraph circuit is designed to accept 
distorted teleprinter signals and re-transmit them as perfect signals 
with a duration of 150 ms. A dial pulse has a nominal duration of 
100 ms (60 ms space, 40 ms mark) and so cannot be regenerated and 
repeated by this type of equipment. To accommodate dial pulses the 
regenerative repealer is switched out of circuit while dial pulses pass 
and is restored to the circuit when negative potential (mark) has persis­
ted for 125 + 25 ms. When the clearing signal (positive potential) is 
passed over the Telex circuit for at least 360 ms the repeater isswitched 
out of circuit to await the next call.

(c) A circuit served by an automatic error-correcting (ARQ) system 
is normally a radio circuit operating in a synchronous mode. The error 

detection depends upon the correct number and formation of mark and ; 
space elements to form teleprinter characters, and thus cannot deal with 
dial pulses. To overcome this, the selection signals consist of numerical 
teleprinter characters which are normally transmitted from the key­
board of the operator controlling the circuit.

(d) When a calling subscriber is connected to automatic ticketing 
equipment in an international exchange, the signal key + is trans­
mitted to the subscriber to indicate that selection must be sent from the j 
teleprinter keyboard and not from the dial. The selection signals are 
used for the following purposes:

(i) As part of the automatic ticketing process; the selection 
signals are passed from the control relay-set via the 1-5 wire converter 
to the 5-wire tape punch machine where they form part of the head and 
tail sequence of perforated tapes which are used for call-charging.

(ii) As keyboard selection signals, stored in the register and trans­
ferred to the translator; the selection is translated and after the out­
going first and second group selector stages have seized an outgoing 
route, the appropriate selection transmit unit X, Y or Z transmits the i 
selection digits in the form appropriate to the chosen route. !
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ELECTRICAL PRINCIPLES 2 1979-80

Students are advised to read the notes above

QI Say whether each of the following statements is true or 
false. (2 min)

(a) The SI unit of energy is the watt. False
(h) Like charges repel. True
(c) A capacitor is not capable of storing energy. False
(d) Charge on a capacitor is proportional to applied voltage. True 
(e) Relative permeability has the units henrys/metre. False
(f) A ferromagnetic material tends to concentrate magnetic

flux. True
(g) Series resonance occurs when voltage and current are in

antiphase. False
(h) A half-wave rectifier converts alternating voltages to 

unidirectional form. True

Q2 For the circuit shown, state:
(a) the total resistance,
(b) the supply voltage. (5 min)
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ELECTRICAL PRINCIPLES 2 1979-80 (continued)
A2 (a) [The two 10 fl resistors (RI and R2) in 
series form a 20 fl resistor in parallel with R3, 
giving a total resistance for the combination of 
10 Q. R5 and R6 in parallel have a total resistance 
of 20 x 60/(20 + 60) = 15 il, giving the equiva­
lent circuit shown.]

The total resistance is therefore 10+15 + 5, 
- 30 fl.

(b) If the current in R5 is 120 mA, the voltage across points A and B 
is 120 x 10 3 x 20 “ 2’4 V. As the total resistance between A and B 
is 15 fl, the current between A and B is 2-4/15 A = 160 mA. As this 
current is returned to the battery (via R4), it represents the total 
current in the circuit. Thus, the battery voltage is

160 X 10-J X 30 = 4-8 V.

Q3 (3 min)
(a) Express 5000 pA in milliamperes. 5 mA
(b) State the SI unit of electric field strength. V/m
(c) Does the magnetic field set up by an induced current

oppose or aid the action producing the current ? Oppose
(d) A transformer has an input (primary) voltage of 240 V

and an output of 24 V. State the secondary-to-primary turns
ratio of the transformer. 1:10

(e) What is the average power dissipated in a purely capaci­
tive circuit containing a 5 pF capacitor ? Zero

(f) Is capacitive reactance determined by the expression
Xc = 2ttfC or by Xc = H2nfC ? lj2nfC

Q6 The charge on the capacitor shown is 2 C. 
Calculate

(a) the capacitance,
(b) the energy stored. (4 min)

A6 (a) From Q = CV, C = QIV = 2/4 X 10-' F 500 /<F.
(b) E = \CV2 = 0-5 x 500 X 10 6 X 42 X lOo J - 4 kJ.

Q7 For the magnetic circuit shown, deter­
mine

(a) the total reluctance, ST,
(b) the total magnetomotive force (MMF), 

and
(c) the current, I, required if the flux,

<1’, in the air gap is to be 60 /s Wb.
The reluctance of the iron is 3 X JO* A/Wb
and that of the air gap is 9 X IO6 Al Wb.

(4 min)

A7 (a) ST - Siton + Sair = (3 + 9) X 10* = 12 X 10« A/Wb.
(b) MMF = = 60 x 10-* x 12 x 10« = 720 A.
(c) I = MMF/A (where A is the number of turns on the coil) 

= 720/360 = 2 A.

Q4 Use the superposition theorem to 
find the current in R3. (10 min)

Q8 The sketch shows a conductor 
carrying a current in a magnetic 
field. Current flows towards the 
observer. (2 min)

Field due to magnet

Field due to current

A4 If El is considered short-circuited, the circuit in sketch (a) is 
obtained. The equivalent resistance of RI and R3 in parallel is 6 fl. 
The total current, is 15/(6 + 24) A = 500 mA. The proportion of 
Ii flowing in R3 is 500 x 12/24 = 250 mA.

(a) Is the field above the con­
ductor strengthened or weakened ?

(b) Is the field below the con­
ductor strengthened or weakened?

(c) Does the conductor tend to 
move up or down ?

(d) State the name given to the 
principle illustrated.

Weakened

Strengthened

Up

Motor principle

Q9 A voltage ivare is described by the expression v = 12 sin 800~t. 
State :

(a) the peak voltage 12 V
(b) the RMS voltage O'707 x 12 — 8 5 V
(c) the frequency (I min) 2nft = 800nr, whence f — 400 Hz

If E2 is short-circuited, the circuit in sketch (b) is obtained. 
The equivalent resistance of R2 and R3 in parallel is 8 il. Current 
I2 = 10/(8 + 12) A = 500 mA, and the proportion of I2 flowing in R3 
is 500 x 24/36 - 333 mA.

Hence the total current in R3
= 250 + 333 = 583 mA.

[Note that h and l2 flow in the same direction, so that their com­
ponents in R3 are additive.)

Q10 (a) The sketch shows two voltage waves, O| and »2. Considering 
wave as the reference phasor, draw in (on the Argand diagram given) 
phasors representing the two waves.

Q5 State the total capacitance of 
the combination shown. (3 min) Cl 20 C2 30

C3 6 

-------- II--------

AS Cl and C2 in series have a capacitance of
20 X 30/(20 + 30) = 12 pF.

In parallel with C3, this gives a total capacitance of 
12 + 6 18 /<F.
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ELECTRICAL PRINCIPLES 2 1979-80 (continued)
Q12 Find the reactance of the

X choke shown. (2 min)
co

5 W 15 20
A12 Xi = 2nfL = 2ir x 4774 x 4 x IO-3 - 120 O.

Q13 Find the impedance of a circuit having a capacitor in series with a 
10 ii resistor. The capacitor has a reactance of 7 ii. (2 min)

(b) Given that both waves have a frequency of 600 Hz, write down an 
expression for in the form v — V sin (cut +

(4 min)

Qll The sketch to the right 
illustrates a coil rotating in 
a magnetic field. Below is a 
series of sketches of five 
consecutive quarter-turns of 
the coil. Assuming the direc­
tion of current induced when 
coil side B is rising to be 
positive, mark on the given 
axes the amplitude of the 
current in the load for each 
of the positions illustrated, 
at the corresponding point 
on the time axis. Join your 
points to illustrate the form 
of the generated wave.

(5 min)

A13 Z = NUXê + = NG1 + 102) = 12-21 fl.

QI 4 Find the current taken by an impedance of 21 ii connected across 
a 94-5 mV supply

(a) if the impedance is an L-R series circuit
(b) if the impedance is a C-R series circuit.

(2 min)

A14 (a) I - VjX - 94-5 x 10 3/21 A = 45 mA.
(b) {The type of reactance does not affect the magnitude of the 

current,] As in part (a), / = 4-5 mA.

Q15 A circuit consists of a 4 pF capacitor, a 50 mH inductor and a 
47 kii resistor in series. The current in the circuit is 3 mA and the 
frequency of operation is 3 4 kHz. Calculate the power dissipated in the 
circuit. (2 min)

A15 (Power is dissipated only in the resistance.]
P = HR = 32 x 10 6 x 47 x IO3 w = 423 mW.

QI6 The sketch illustrates an 
unknown resistor, Rx, being meas­
ured by an ohm-meter. The meter 
shows a deflexion of three-tenths 
of its scale. What is the value of 
the unknown resistor ?

(5 min)

A16 If the meter has a full-scale-deflexion (FSD) current of 1 mA, 
the meter current, 1, at three-tenths FSD is 300 pA. By Ohm’s law, 

r+R + Rx = VIL
50 + 1450 -I Rx ■ ! • 5/300 X 10 « 5000.

Rx - 5000 1500O = 3-5 kil

I
I

All

QI7 The voltmeter shown is required to 
measure a maximum (full-scale) voltage of 
10 V. Can it be used as it stands, or will it 
need a shunt or multiplier: state which ? 
What value of shunt or multiplier (if any) 
will be needed ?

(8 min)

A17 To give full-scale deflexion (FSD) for the circuit as shown, there 
must be a voltage across the voltmeter of

100 x 10-« x (20 000 + 5000) = 2-5 V.
Hence, the meter is unsuitable, as it stands, for measuring voltages 

of up to 10 V.
To record 10 V at FSD, it will be necessary to drop 7'5V across a 

series external resistor. Such a resistor is called a multiplier.
The multiplier must carry the FSD meter current and must therefore 

have a value of
7-5/100 X 10 « £2 = 75 k£L
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