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lEtEPHONY B. 199 76
Students were expected to answer any 6 questions

Q 1 (a) Draw a trunking diagram Io show the routing of an STD call 
from a local.automatic Strmvger exchange asfar as the first selector at 
the trunk exchange.

(b) Describe the principaa functions of
(i) the metering-aver-jmKcion relay-set,
(ii) the register-access relay-set, and

(Hi) the register-translator.
A total of only 7 functions need be described.

A 1 See A6, Telephony B, 1973, Supplement, Vol. 67, p. 45, July 
1974, and A2, Telephony B, 1974, Supplement, Vol. 68, p. 37, July 
1975.

Q 2 For a Strowger PABX catering for about 40 extensions,
(a) draw a trunking diagram,
(b) describe the sequence of operations on a caH dialled to the main 

exchange from an extension, and
(6) describe the sequence of operations when an extension handset is 

lifted but dialling does not take place.

A 2 (a) The trunking diagram shows the main features of a PABX 
catering for up to 49 extensions.

(b) Access to the public exchange may be barred electrically to 
specified extensions; other extensions can obtain an exchange line by 
dialling 9. When the handset of an extension is lifted, the contacts 
of a line relay in the line circuit mark the calling extension on the line
finder banks, and send a signal to activate the common start circuit. 
The start circuit allocates a free line finder LF to find the calling 
extension. The extension line is switched through the line finder to the 
assoccated connecting circuit, which is a 2-motion selector. The 
connecting circuit sends back PABX dial tone.

Under the control of the caller’s dial, the connecting circuit steps 
to level 9, where the vertical marking bank is arranged to transmit a 
signal via the start circuit to a free exchange-line circuit. The connect
ing circuit also extends a signal, via line finder LF, to mark the calling 
extension as having demanded an exchange line. Line finder EF, 
assoctaIed with the allocated exchange line, searches for this marking 
condition, and switches the extension line through to the exchange
line circuit. The connecting circuit is released, and line finder LF 
becomes available for use by other extensions.

The calling extension receives dial tone from the public exchange, 
and may proceed to dial into the public network.

(c) A caHing extension is connected to a connecting circuit as 
described in part (b). Jfthe caller then does not dial within a reasonable 
period of receiving dial tone, the connecting circuit must be forcibly 
released. Otherwise, the grade of service would deteriorate and 
congestion may occur.

The common equipment remains activated while a call is being set 
up, and produces a timing pulse every 30 s. If 2 successive pulses 
reach the connecting circuit before it is stepped, the second pulse 
forcibly releases the connecting circuit and its line finder. In the 
ext-nsion circuit, the line relay is forcibly released, but a cut-off relay 
remains heed to the calling loop.

The extensson line remains in this “‘parked’” condition until the 
handset is replaced, and a “permanent-glow" alarm is given at the 
switchboard.

Q 3 (a) Design the best grading for subscribers’ imiseleccors having 
48 trunks to first se-ectors. Assume a single home position.

(b) A group of 60 uniselectors originates a total busy-hour traffic of 
11-5 erlangs. The system is arranged so that 80 resid—ntal lines, each 
originating 0-05 erlang in the busy hour, are served by 10 of these 
uniseleccars. What is the average busy-hom traffic from each of the 
remaining unise-ectors?

A 3 (a) For single-home-poostion unlsele;tors, the avaiiabiilty, A, 
is 24. The preferred number of grading groups, g, is given by
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TELEPHONY B, 1976 (continued)

where N is the number of trunks.

2/VN

2 x 48
2 4 _ 4.

For 4 grading groups, there are 3 methods of arranging the trunks: 
individually, in pairs, and asfull commons. Let a, b and c respecttvdy 
be the numbers of individual trunks, pairs and full commons in the 
availabiilty. Then,

and
4a + 2b + c = 48, .........  (1)

a + b +- c = 24. ......... (2)

Subtracting equation (2) from equation (1) gives 

3 + b = 24.

Since b > O the maximum value of a is 7. If a = 1, then b = 24 — 
(3 X 1 = 21, and c = 24 — (I + 21) = 2 (from equations (3) and 
(2)). The values of b and c for values of a between 2 and 7 can be 
similarly evaluated, and are given in the table. The sum of the 
successive differences, $sd, of each arrangement is also given, where

Ssd = |a- bl + |b—C.

a 1 2 3 4 5 6 7

b 2! 18 15 12 9 6 3

c 2 4 6 8 10 12 14

-Ssd 39 30 21 12 5 6 15

The arrangement that produces the lowest value of 550 offer's the 
smoothest progress from individual trunks to pairs, and from pairs to 
full commons. Thus, the best grading is 5 individual trunks, 9 pairs 
and 10 full commons. The grading is illustrated in the sketch.

AVAILABILITV = 24

5 INDIVIDUAL 
TRUNKS 

x---------- '-------- fir
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Nate: Small numerals denote trunks

(b) The busy-hour traffic originated by the 80 residential lines is 
80 X 0’05 = 4eramgs, and this is carried by 10 uniselectors. The 
remaining 50 uniselectors therefore originate 11-5 — 4 = 7-5 erlangs 
in the busy hour. Hence, the average busy-hour traffic from each of 
the remaining uniselectors is 7-5/50 ; 0-15 erlang.

Q 4 For a large non-dhreefor -inked numbering scheme, the number 
ranges for the main exchange and 2 of its group-se/ectol• sateilites are: 

main: 20 000-29 999,
satellite A: 40 000-43 999,
satellite B: 47 000-48 999.

(a) With the aid of trunking diagrams, describe the routing of
(r) own-exchange calls within satellite A, and
(ii) calls from one of the other satellites to satellites A and B, using 

the main exchange as a tandem switching centre.
(b) Under what circumstances would direct junctions between the 

various satellites be provided instead of the arrangement described in 
part (a) (if ?

A 4 (a) The sketch shows a simplified trunking diagram illustrating 
the linked numbering scheme.

(1 Own-exchange calls within satellite A are routed via level 4 of 
first selectors, levels 1, 2, 3 or 0 of second selectors, third selectors and 
final selectors.

(ii ) By including additional level-4 second selectors in the main 
exchange, other satellites (such as satellite C) can route their IcvcI-4 
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catls via the main exchange, which then acts as a tandem switching 
centre for calls from satellite C to satellites A and B.

This method could also be used for levee-4 calls originated at sateHites 
A and B, but would have the disadvantage that own-exchange calls 
would involve the use of relatively expensive junctions to and from 
the main exchange.

(b) In a linked numbering scheme where each exchange has a 
discrete initial digit, all exchanges can be directly linked by junctions 
trunked from first-selector levels. The unusual feature of the scheme 
described in this question is that satefiites A and B share the same 
initial digit. This requires the junctions from saldlite A to satd-ite B 
to be trunked from levee-4 second selectors at sateellte A to level-47 
and level-48 third seleclors at ^atcelite B. Similarly, junctions from 
satdllte B to satellite A are trunked from level-4 second selcctors at 
sateHlte B to level-40, levee-41, level-42 and level-43 third sclcctors at 
sateHlie A.

This offers the positoH-ty of tandem switching at the mainexchange for 
trtfIciromsatt:lliteC, if this exchange originates only a small amount 
oitraific to satefiites A and B. Tandem routing reduces the total number 
of junction circuits by efectively combining 2 smatl junction groups 
into one larger group from satefiite C to the main exchange. Similarly, 
the traffic originated by all the other satellites to satellites A and B is 
combined into one large group from the matn exchange to each of 
sateHites A and B.

However tandem routing is less advantageous if the other satefiites 
originate subsianiial volumes of traffic to satellites A and B, and direct 
routes may be justified. This is because the combination of 2 or more 
large groups of junctions does not raise the average occupancy of each 
junction to the same extent as when smaller groups are combined. The 
overall length of a tandem routing, Compared with a direct route, is 
also an important consideration, favouring direct routes between 
neighbouring satellites.



TELEPHONY B, 1976 (cnntnued)

Q 5 With the aid of sketches of the circuit elements of a final se-eetor, 
explain

(a) the circuit operation from when the selector steps to the called 
line unti the caller hears

(H ringing tone,
(ii) busy tone, and
(Hi) aumber-unobtaiimble latte, 

and
(b) how a positive-baUeey metering pulse is applied to the P-wtte 

when the called subscriber answers.

Q 6 (a) Draw battery-testing circuit elements for a uniselettior-htmter 
in which the testing relay has

(1) a single winding of low resistance, and
(ii) one winding of low resistance and a second of much higher 

resistance.
(b) For each case, explain the importance of the low-resistance coil.
(c) For case (a) (ii) above, briefly explain why an improvedperformance 

can be obtained by an arrangement that reverses the current in the high
resistance winding.

A 6 (a) (1) Sketch (a) shows a battery-testing circuit element in 
which the testing relay has a single winding of low resistance. This is 
known as a mnrgmal-opernie testing circuit. When 2 such relays 
in parallel test one P-wire, neither operates.

(ii ) Sketch (b) shows a marginaa-hold testiag-ctrcuit element, in 
which the testing relay has 2 windings: one of high resistance and one 
of low resistance. Two relays can test and operate in parallel, but 
neither holds.

(b) In each of the above cases, a low-resistance winding is used so 
that an initial guarding condition is applied.to the P-wire. The low- 
resistance guarding earth reduces the P-wire potential to about 6 V, 
which is insufficient to permit another testing relay to operate on the 
same outlet.

(c) Sketch (c) shows an improved 2-winding testing arrangement 
known as a differemtal testing circuit. Operation of the testing relay 
takes place in a way substanltally similar to that in the circuit of 
sketch (b), as does the application of the initial guarding earth. The 
benefit of this circuit is derived from a reversal of current that occurs 
in the high-resistance winding when the relay operates.

In the situation where a single relay tests a P-wire, the reversed 
current, which opposes the holding current in the low-resistance 
winding, is insufficient to impair the holding function. However, 
when 2 relays test and operate in parallel, the currents in their low- 
resistance windings are approximately haff the normal value. This 
lower value is virtually neutralized by the opposing current in the 
high-resistance winding. This improves the reliability of the safe
guard against double-switching, compared with a circuit in which 
both relays are required to release.

Q 7 (a) State 6 important facilities provided by an assistance relay
set at a sleeve-colltrol auto-mamua switchboard.

(b) Sketch a simpplfied circuit of the relay-set, am! briefly explain how 
each of the facilities is provided.

A 7 (a) Six basic facilities provided by the assistance relay-set at a 
sleeve-control auto-manual switchboard are to

(i) return a' holding-and-guarding earth on the P-wire,
(ii) return ringing tone to the caller,
(iii) provide a lamp calling-signal on the switchboard,
(iv) extinguish the calling lamp and disconnect ringing tone when a 

plug is.inserted in the jack,

(v) apply supervisory signals to the answering cord circuit under 
the control of the caller’s instrument, and

(w) provide manuaa-hold facilities if the caller clears before the 
plug is removed from thejack.

(b) The sketch shows the simplified circuit of an assistance relay-set 
providimg the above facilities. The circuit operation is described below.

(1) Relay L operates when the subscriber’s loop is extended from 
the preceding group selector. Contact LI operates relay B, and 
contact Bl returns the holding-and-gmrding earth.

(ii) Contact B2 returns ringing tone to the caller via retarding coil 1.
(Hi) Contact BS energizes the ats^octatrd lamp relays, over the 

lamp wire, to light the calling lamps on the switchboard.
(iv) A plug, inserted into the jack, applies battery potential to the 

sleeve wire, operating relay S. Contact S1 operates relay SS. Contact 
8S1 releases the lamp relays, contact SSZ disconnects ringing tone, 
and contact SSS allows relay S to hold over both coils.

(v) The supervisory lamp in the sleeve circuit of the answering 
plug cannot light while the 2 coils of relay S are connected in series to 
earth. Howeveir when the caller clears down, relay L releases, and 
contact L1 short-circuits the high-resistance coil of relay S. The 
supervisory lamp then glows, relay S remaining hed over its 85 ii coil.

(vi) While the plug remains in thejack, relay S is operated, holding 
relay SS. Contact SSS maintains a holding earth on the P-wire, so that, 
if the caller clears down, the consequent release of relays L and B 
does not cause the preceding selectors to release. The connexion is 
held until the operator removes the plug from thejack.

Q 8 (a) Describe the sequence of operations involved in seeting-up an 
own-exchange call at a TX'KI (crossbar) local exchange. Illustrate your 
answer with a block diagram of the equipment involved.

(b) How would your answer to part (a) be modified in the case of a 
caU incoming from an adjacent Strowger exchange?

A 8 (a) The sketch shows a block diagram of the equipment involved 
in sc-ting-llp an own-exchange cafi in a TXK1 exchange.

When such a call is originated, a signal is passed from the line 
circuit to that distributor switch B (DSB) to which the line has direct 
access. Provided one inlet of that DSB is free, the switch extends the 
caHing signal to the common line marker, where the cafier’s DSB 
outlet is identified. (Note that DSB inlets are connected to distributor 
switch A (DSA) outlets, and DSB outlets are coanrotrd to the line 
circuits.) Only one call at a time (either originating or terminating) 
can be handled by the line marker.

The line marker instructs the DSB to mark all of its free links to 
DSAs. Each DSA consequentiy marked is instructed in turn to mark 
its free local transmission relay-groups (LTRGs). When a free LTRG 
has found a free register (via the register allotter), a signal is returned 
from the relevant DSA to the line marker. The line marker switches 
the DSB inlet through the DSA to the LTRG, and the speech and 
control wires are extended to the register. The LTRG returns an eai’th 
on the P-wire to operate the DSB bridge magnet, thereby switching 
the caU through the DSB. The P-wire earth also operates relay K (the 
guarding relay) in the subscriber’s line circuit. The register returns 
dial tone to the caller. The DSB signals to the line marker, which 
rrlratrs the marked DSAs not subsequentiy used to establish the 
coaarxion. The DSA and DSB that were used to rstablish the 
ooat■lrxioa are now available for use by other callers.
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TELEPHONY B, 1976 (continued)

CALLING SUBSCRIBER'S DISTRIBUTOR ROUTER

CALLED SUBSCRIBER'S DISTRIBUTOR ---------------------- CONNEXION PATH
----------------------CONTROL PATH

The dialled digits are stored in the register and the register associates 
with one of the router controls (say, router control X), to which it 
passes the called number. The router control identifies the appropriate 
line marker, and instructs it to mark the appropriate hundreds, tens 
and units leads. The hundreds and tens marking relays operate to 
provide access, via the line marker, to the DSB outlet, thereby 
permitting the line to be tested. If the line is busy or unobtainable, the 
router control instructs the LTRG to return an appropriate tone.

The DSB outlet to the called subscriber’s line circuit is marked, as 
are all free inlets from DSAs. From these DSAs, free--lnk marking 
signals are extended back to RSBs X in the router concerned with the 
call. The RSBs X return the marking signal to all the associated 
RSAs, but only the RSA connected to the LTRG concerned can 
receive the signal. The router control applies an earth to the P-wire 
via the register and LTRG to switch the marked RSA crosspoint. 
This allows the R8B X, DSA and DSB crosspoints to operate in 
succesisiion, connecting the LTRG to the called line. The router control 
makes a continuity check of the allocated speech path and, if this is 
successfiu, the router control and register release. Ringing tone and 
ringing current are applied by the LTRG, which henceforth controls 
the connexion. If the continuity check is unfuccelfiful, a second 
attempt is made to set up a connexion to the called line using the 
alternative path via RSBs Y.

(b) Each junction incoming from an adjacent Strowger exchange 
terminates on one of a number of incoming transmission relay- 
groups, directly served by a separate set of registers. This is because 
the time needed to set up a connexion to a register over DSBs and 
DSAs (600 ms) may not be available, because part of the interdigital 
pause is used for rotary hunting of a group sector at the adjacent 
exchange. A higher grade of service is provided by the registers to 
reduce the possìbiiily of a call encountering congestion after it has 
been partially set up.

Q 9 (a) (1) Sketch the circuit of a power unit foraPMBX installation 
without storage batteries.

(ii ) Explain how the a.c. mains is converted to direct current to 
supply the installation.

(b) Explain how a resistor across the output improves the voltage 
regulation.

(o) Briefly explain how service at the PMBX is affected in the event 
of mansfahue.

A 9 (a) (/) The circuit of a power-supply unit suitable for a PMBX 
installation is shown in the sketch.

(ii ) The 240 V a.c. mains supply is reduced by a step-down trans
former. The lower voltage from the secondary winding is applied to a 
bridge rectifie", which converts the alternating supply to a direct 
supply pulsed at twice the mains frequency. The pulsing would 
produce unacceptable hum in the PMBX circuits, and so the supply is 
smoothed by an elementary filter consisting of a choke and a large- 
value electrolytic capacitor. Fuse FS1 isolates the power unit from the 
mains supply in the event of a large fault current; fuse FSZ protects 
the power unit from damage if a short-ccreut occurs in the elecirolytie 
capacctor or the PMBX equipment.

(b) When the PMBX is idle, or drawing only a very small current, 
the output voltage of the power unit tends to be higher than its value 
unde- normal loading. Since the heating effect of an elecirie current is 
proportional to the square of the voltage, this high voltage may be 
unacceptable because of the risk of overheating. A fixed resistor, 
permanently connected across the output of the unit, draws an arti
ficial load current, producing small losses in the choke, rectifier and 
transformer. Under no-load or light-load conditions, these losses 
feduce the voltage available at the output of the unit to an acceptable 
I eve!.

(c) Since the PMBX has no storage batteries, all local power is 
lost when mains failure occurs. The calling lamps cannot light, and 
there is no line current available to energize the transmitters of 
extensson telephones engaged on internal calls. Exrension-to-extension 
service therefore ceases.

The operator’s telephone, or any extensson connected to an exchange 
line, can receive current from the public-exchange batteries. Thus, 
calls to and from the public exchange are still possible. The normal 
PMBX night-service arrangements can be brought into use manually 
to provide exchange service to selected extensions. Alternatively, a 
relay can be provided that monitors the a.c. mains supply and, on 
failure, switches one or more exchange lines to spccially provided 
telephone instruments.

Q 10 For an owu-exchange call at a 10 000-line Strowger lod 
exchange,

(a) sketch the P-wire eireu¡r elements concerned with the holding and 
guarding of the switching train during conversation,

(b) describe the sequence of events, and the accompanying circuit 
operations, that begins when the caller clears down, and ends when all 
selectors are ovoiloblefrr further use, and

(c) explain how rhe final-selector eireuir needs to be rearranged if the 
connexion is to be released when either the calling party or the died 
party clears.

A 10 (a) Sketch (a) shows, in a simplified form, the P-wire circuit 
elements concerned with holding and guarding a connexion in a 
DOO-line Strowger exchange from a final selector backwards via 
2 group selectors to the caller’s line circuit.
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TELEPHONY B, 1976 (continued)

(b) When the caller clears down, the holding loop is removed from 
the pulsing relay (relay A) in the final selector. The release of relay A 
allows relay B (the guarding relay) to release slowly, in turn releasing 
relay CD. A contact of relay B removes the holding earth from the 
P-wire, but a contact of relay CD reconnects a release-gnurding earth 
shortly afterwards (a period of about 20430 ms).

During the short period of disconnexion of the earth from the 
P-wire, relays H in the group selectors, and relay K in the subscriber’s 
uniselector, release simultaneoudy. Contacts of relays H release 
relays CD in the group selectors. Contacts of relays CD re-apply 
individual release-guardingerrths to the P-wires of each group selector, 
and energize the rotary-magnet stepping circuits to drive the wiper 
carriages out of the banks so that the selectors can restore to their 
normal posstions. (In the final sellicttrl-, energization of the rotary 
magnet is dependent on the release of relays B, H and E (relay E is 
the rotary pulse-control relay). In the uniselector, the release of relay 
K causes the uniselector to self-drive to its home position.

In the group and final selectors, the release-guatding earths applied 
by contacts of relay CD are maintained until the wiper carriages have 
completed their restoration, when oF-normal contacts N release and 

remove the release-guuading condition. All selectors are then available 
for further use.

(b) In the British Post Office, it is normal practice at public exchanges 
to give the caller (who pays for the caH) full control over the release 
of the connexion, in the manner described in part (a). If it is required 
that a caH should be released by ether the calling or called telephones, 
according to which is cleared down first (as is done in some PABXs), 
then the circuit clcmeni shown in sketch (b) would be appropriate 
in the final selector.

If the caller clears down first, relay A |■clerses, and a contact of 
relay A short-circuits relay B, which releases slowly (as in the con
ventional arrangement). If the called subscriber clears down first, the 
release of relay D (the called-party-answer relay) also applies a short
circuit to relay B, causing it to release slowly. Relay B would not 
release to a momentary disconnexion of the called line caused, for 
instance, by flashing the receiver rest. A contact of relay F (the ring - 
trip relay) is included to ensure that any short-ctrcuiting of relay B 
by contact D cannot be c--ecicd until the called subscriber has 
answered and tripped the ringing current.

TELEGRAPHY B, 1976

Students were expected to answer any 6 questions

Q I (a) What characteristics of an underground cable affect a square
wave d.c. telegraph signaa? Sketch graphs to show their effect on

(I) the current at the transmitter, and
(ii) the voltage at the iece/iw.
(b) Sketch and describe a circuit arrangement that could be used to 

improve the response of a teleprinter receive magnet.

A 1 (a) A transmission line has 4 primary characteristics: resistance 
R ohms, capacitance C farads, inductance and leakance. For a modern 
cable, the inductance and leakance are small, and a d.c. teleprinter 
signal is significantly affected only by the resistance and capacitance 
of the line. These characteristics are normally distributed cventy along 
the line, and a length of line can thus be represented by the T-network 
shown in sketch (a), with the capacitance concentrated at the mid
point. When a voltage, Vvolts, is applied by the transmitter, the 
capadtor is initially uncharged and acts as a shori-drenit; the trans
mitter current, It, has the initial value V/(R/Z) amperes. As the 
capadtor charges, the potential difference across it rises from zero to 
Vvolts; when the capadtor is fully charged, no current flows in the 
capadtor path. If a reedver, which normally has resistance (R1) and 
inductance, is connected in the circuit, the current at the transmitter 
is as shown in sketch ([>), with the initial value dccrersing until the 
steady-state value V/(R + Rj) amperes, is reached. The voltage at the 
rccdver, VR, rises cxponentially, as shown in sketch (c).

giving a theoretical margin of 50%. This ideal can be closely 
approached by an eIdctronic teleprinter.

(Ii) A mechanical teleprinter requires a finite time to read the 
polarity of each eicmcnt, and any change in the signal during the 
selection period is not recognized. The signal polarity must be 
registered before seleetion begins. The duration of the period depends 
on the design of the machine, the manufacturing tolerances and wear. 
As shown in sketch (b), the period is ideally centred on the theoretical 
instant, and lasts for 4 ms in a well-adjusted machine, giving a margin 
of 40 %.
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Typical values for a line are R = 880 Q, C = 2 /iF, Ri = 4 kii and 
V = 80 V. Hence, the initial transmitter current is 80/440 = 182 mA, 
and the steady-state value is 80/4880 A = 16 mA.

(b) See Al, Telegraphy B, 1973, Supplement, V0I. 67, p. 47, July 
1974.

( )

Q 2 (a) For a teleprinter, draw a timing diagram to show
(i) the ideal instants of sc-ecrion for an incoming 50 baud 7-%imt 

signal and
(ii) the effect of the functions of the receive mechanism.
(b) Describe the effect caused by the receiving teleprinter's motor 

running slightty slower than the transmitting machine's motor.

A 2 (a) (i) Sketch (a) shows the ideal instants of selection, A - E, 
for an incoming 50 baud 7% unit signal. The ideal instant of selection 
has zero duration, and is at the exact centre of each signal element,

(b) If a receiving teleprinter's motor is running slightly slower (say, 
by 2%) than the transmitting machine’s motor, the selection period 
for the fifth element suffers the greatest effied. Sketch (c) shows that 
this selecti^rn period, which normally starts at 108 ms, would start at 
108 + (108 X 2/100) = 110-2 ms. This however does not adverseey 
affect the fifth transtion, which occurs at 100 ms, as the margin 
between this translion and the selectton period is improved to 
lO-2ms, compared with 8 ms for a motor running at the correct 
speed.

The fourth se-lc:rion period would start at 88 + (88 X 2/100) = 
89-8 ms, and would continue for 4 ms to end at 93-8 ms. This gives a 
margin to the fifth transstion of 100-93-8 = 6-2 ms.

Expressed as a percentage, the margin of the machine is therefore 
reduced to (6-2/20) x 100 = 31%. This compares with a margin of 
40% for a machine running at the correct speed. A character with 
more than 31 % distortion would probably be mutlilated.
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TELEGRAPHY B, 1976 (continued)

Q 3 A fau/t is reported by a Telex subscriber.
(a) How shoutd the fault be localized?
(b) What records of the fault chotUd be kept, and what are the reasons 

for keeping them ?
(o) if a maintenance officer visits the station and repairs the fault, 

what further routine tasks and tests shotUd be performed beeore leav
ing the station?

A 3 (a) A Telex fault is normally reported by telephone to the local 
telephone operator or direct to a Telex testing officer. Emergency 
attention is given outside normal working hours.

The testing officer receiving the report may speak to the subscriber 
to help assess the likely location of the fault. Certain faults require a 
field maintenance officer to visit the installation; others may require 
the circuit to be tested using the engineering control board or a test 
final-selector.

The circuit may be monitored or intercepted towards the station or 
the exchange, to localize the fault by establlshing whether the correct 
circuit conditions are present, and by checking the performance of the 
equipment. Line faults can be further localized by co-operation with 
testing officers at intermediate points. lf the line and exchange equip
ment is satisfactory, a maintenance officer is sent to the subscriber’s 
premises. (A test final-selector gives access to only the line, not to the 
exchange equipment.)

(b) For each fault reported, an entry is made in a report registee, 
with a reference number allocated for checking purpoises. An entry 
is also made on the subscriber’s fault card to compile a complete 
fault history for the subscriber. For faults passed to testing officers in 
distant exchanges, reference numbers are obtained so that checks 
can be made on faults not cleared or requiring cpcctai attention. 
Similarly, reference numbers are used if a maintenance officer visits 
an installation.

Entries on a subscriber’s fault card are scrutinized each time a 
report is made, and repetitive or long-duration faults are reported to 
the supervising engineer, who may decide that a special investigation 
is needed. The information on the card can also form a basis for 
judging complaints of poor service.

From the report register, statistics for fault categories, and faults 
carried over from one day to the next, are prepared. The statistics 
give management information on the quality of service, and assist in 
formulating service policies, and in assessmg changes of policy.

At most stations, a meter records the number of hours for 
which the teleprinter has been in use. Reference to the reading, each 
time a fault is reported, gives a more accurate appreciation of the 
frequency of machine faults.

(c) Before a maintenance officer leaves a station, an inspection is 
made of the machine and control units to check the functions of the 
keys and lamps in originating and deaalng a oafi. The state of lubrica
tion and cleanlinecss of the machine is also checked. The machine 
is tested in local operation, and the margin and distortion determined 
by exchanging test messages with the exchange.

Q 4 For a subscriber's Telex installation,
(a) draw a diagram to show the circuit locations afuses,
(b) explain the purposes of the fuses and state their approximate 

ratings,
(6) explain why (i) ballast resistors and (ii) a cireuit-breaker are used 

in place of fuses at certain points in the circuit, and
(d) draw a sketch to show the construction, and explain the principle 

of operation, of either a ballast resistor. or a ch euH-brea/cer.

Q 5 Outline a suitable, method for the transmission of telegraph 
signals over

(a) the long-distance telephone netwook, and
(b) the local telephone neework.
Draw diagrams to illustrate each answer.

A 5 (a) See A3, Telegraphy B, 1975, Supplemern, Vol. 69, p. 45, 
July 1976.

(b) The sketch illustrates the double-current earth-return method 
of transmitting telegraph signals over the local telephone network.

Posfiive and negative 80 V potentials are applied to the transmitter 
contacts via ballast resistors. Resistor R1 and capacctor C1 form a 
spark-quench circuit that prevents the back-e.m.f. from the inductive 
receive magnet from causing sparking at the transmitter, with the 
consequent fouling and pitting of the transmitter contacts. Resisior 
R2 limits os^Hlating currents in the filter, which can occur with a mis
matched line; such currents cause cxccssivc distortion of the signal. 
The low-pass filter, consisting of inductors L1 and L2 and capacitor 
C2, has a cut-otT value of about 140 Hz., and is provided to attenuate 
the higher harmonics of the square-wave signal transmitted to line, 
thus reducing interference in adjacent telephone circuits in the same 
ciB e.

Rcsistoli R3 is a high-value resistor, provided to improve the time 
constant of the receiver. The time constant is the time for the current 
in an inductive circuit to rise to about two-thirds of its final value, 
and is proportional to the inductance divided by the resistance. Thus, 
if the rcsista^ne is increased,. the time constant is shorter, and the 
current in the receiver rises more rapidly. The receive relay therefore 
responds more quickly and the signalling speed is increased. This 
effect is enhanced by the use of a parallel capacitor (capacitor C3) 
which discharges through the receiver on each transition, passmg an 
extra surge of .current through the magnets. By suitable choice of 
resistor R3 (4 kH) and capacitor C3 (2 yiF), the line signal can be 
restored virtually to a square wave. Capaciit^l■ C4 prevents inductive 
surges, caused by the movement of the receiver tongue, from being 
transmitted to line and causing interference.

Q 6 A character has been correctly received by a teleprinter.
(a) Describe the cycle of operations of the printing mechanism.
(b) How does the cycle of operations differ when a non-printing 

oharao/er is received?

A 6 The following description applies to the British Post Office 
Teleprinter No. 15..

The incoming signals are received on an electi'omagnet, the 
armature of which moves from side to side in response to the line 
polarity. The sketch shows the mechanism concerned with sHeeting 
and printing a character.

Note: Students would not be expected to include as much detail as is 
shown in the sketch given here.

The character is indentified by 5 pairs of links A and B, the poskion 
of each pair depending on the polarity of each of the 5 received 
character elements. For a —80 V (mark) element, link B is held in the 
position shown in the sketch; for a +80 V (space) element, link B is 
released by detent C, which is turned in a clockwise direction by link A, 
so that link B moves in response to a restoring spring.

Link B operates bril-crank D, which has 2 functions: it moves 
code-slat X vertically upwards to select the required type, and moves 
comb-bar Y horizontally to the right to s—cci a non-printing function 
(if appropriate).

Movement of code-siat X causes sriector bell-crank E to move, 
controlling the counter-clockwise movement of type-basket sector 
F. Code-seeker bars (G), one for each primary and secondary printing 
oharacterr are arranged across the sectors, but are heed just clear of 
the sectors by printing-bail H. When all the element combinations 
have been marked by movement of the sectors; print-bail J moves to 
carry printing-bail H to the left, allowing the .code-sseker bars to fall
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TELEGRAPHY B, 1976 (continued)
on the sectors. Only one code-seeker bar falls into a path across the 
sector slots and engages with bail H, which continues to move to the 
left. The selected bar thus moves to the left and swings type-face K 
upwards to print the character.

The horizontal movement of comb-bars Y positions the slots such 
that, if a non-printing character is received, a function-control lever 
(L) moves into a path across the slots. Movement of any of the 
function-control levers moves the front extension of the print-suppres
sion lever (M) into the path of extension N of print-bail J. This 
prevents any movement of print-bail J, so preventing the action of the 
printing mechanism.

= __________________ 7-3X 103___________ _____
137 x 356 > 1 -3 + 137 > (476 4-743) XD-3 Pa’

5-52 kpa, (which is whhm the permitted fading of 8'6 kPa).

Q 7 (a) Draw a sketch to show the layout of the main items of equip
ment in an automatic Telex exchange.

(b Show on the sketch typical interconnecting cables.
(c) Explain how the floor loading is determined for one rack of 

equipment.

Q 8 (a) Describe and explain [he structure of the Internationa 
Telegraph Alphabet No. 2.

(b) Sketch and describe a short section of perforated paper tape 
suitable for use with a tape-reader on a Telex circuit.

(c) Describe briefly the action of a machine used by an operator to 
prepare a perforated tape.

A 7 (a) and (b) Sketch (a) shows a typical layout of equipment in 
an automatic Telex exchange, with interconnecting cables.

BATTERY ROOM AND POWERSUPPLIES

O
-C 
ECB

WIRING GANGWAY
METERS |SG K DRSi[mPG | MPO | LFs | MA

FROM MAIN 
DISTRIBUTION

FRAME 1“

0 TEST 
DESK

TEST 
DESK

APPARATUS GANGWAY

SUBSCRIBERS'IDF SICs
WIRING GANGWAY )'

ZZI
TEST FSs

SICs__________I
APPARATUS GANGWAY

□

A 8 (a/ The International Telegraph Alphabet No. 2 is a teleprinter 
code in which each character is represented by a combination of 5 
seqLientiyi signal elements of equal duration. Each of the signal 
elements takes one of 2 binary states, so that the number of 
possible combinations is 25 = 32. This is insufficient to accommodate 
the alphabet, the numerals and the punctuation marks. To overcome 
this difficulty, each combination is assigned 2 characters, with letter
shift and figure-shift characters seketing which of the alternatives is to 
be printed by the teleprinter. Certain functional characters, such as 
carriage return, line feed, and ward space are common to both cases. 
The letler-shiifr character is arranged to have 5 mark (or negative) 
elements, so that it can be used as an erasing signal when preparing 
paper tape, since the tape is perforated only for mark elements.

A section of the International Alphabet No. 2 is shown bellow. The 
conventions used for the binary conditions of each element are:

mark : space,
negative polarity : poshive polarity (British Post Office), 

stop : start (element polarity/,
Z : A

TZ
 WIRING I GANGWAY^

I EQUIPMENT I D F [ FSs | Irt GSs | 2nd GS5 |

TRSs
__________ WIRING GANGWAV

MRSs I

APPARATUSGANGWAY

TR

□

No/e; Connexions not shown to equipment IDF between emcli switching stage, and to 
miscellaneous/common apparatus and trunk relay-sets

CTS: Cable-turning secdon 
DRSs: Distribution relay-sets 
ECB: Enginecringcontrol board 
FSs: Final selectors
6185: Group selectors
IDF: Intermediate distribution frame 
LFs: Line filters
MA: Miscellaneous apparatus

MPD: Meter-pulse distribution 
MPG: Meler-pulscgenerator 
MRSs: Miscellaneous relay-sets 
SG: Signal generator
SLCs: Subscribers’line circuits
TR: Traffic recorder
TRSs: Trunk relay-sets 
TZ: Time-zone equipment

( a')

Combination 
No.

Letters 
Case

Figures 
Case

Code Elements

1 2 3 4 5

1 A Z z A A A
2 B 7 Z A A Z Z
3 C A z Z Z A
4 D Who are you ? Z A A Z A
5 E 3 z A A A A

24 X / z A Z Z Z
25 Y 6 z A Z A Z
26 Z + z A A A Z

27 Carriage return A A A Z A
28 Line feed A Z A A A
29 Letters dhft z z Z Z z
30 Figures shift z z A z z
31 Space A A Z A A
32 Not used A A A A A

(c) The method of determining floor loading is illustrated in sketch 
(b), which shows group-selector racks. The floor-loading calculation 
for one rack takes into account the weight of the rack (which is a 
downward force of 7-3 kN for a group-selector rack), the floor area 
occupied by the rack, and half the floor area ofthe adjacent apparatus 
and wiring gangways. End gangways are ignored.

------------ 137 m--------------

GROOP-SELECTOR RACK
WRING GANGWAY 

GROUP-SELECTOR HACK

APPARATUS GANGWAY

GHDOP-SELECTOR RACK

(b

The floor loading (in pascais)

_ _________________ weight of rack________________  
floor area of rack + (floor area of adjacent gangways)/!’

(b) See A6, Telegraphy B, 1974, Supplement, Vol. 68, p. 35, July 
1975.

(c) A machine used for the preparation of punched tape is called a 
perforator, and consists of a mains-operated driving motor, a keyboard 
assembly, a control unit, a perforator assembly and a tape-roll holder1.

Sketch (a) illustrates the arrangements for encoding the required 
character and starting the perforation process. The depression of one 
of the keys moves appropriate combination bars for the character 
required; bars associated with space elements move to the left, and 
those assocìated with mark elements remain stationary. The key also 
moves the trip bar to the left to set in motion the perforating mecha
nism. (Sketch (a) shows character R being selected.)

The control-unit release mechanism is operated by trip lever B, so 
that a clutch engages a continuously revolving driving gear to drive a 
control cam shaft, which rotates half of a revolution each time a key 
is depressed. This cam shaft operates the locking frame to lock the 
combination bars against the premature operation of a second key, 
and operates a perforating bar. The perforating bar releases a second 
clutch, and a perforating cam shaft rotates haaf of a revohition.

Sketch (b) shows the punching mechanism. The combination bars 
control 5 sell2ctiDr bars (A), each of which is ether withdrawn from 
between the anvil and one of the 5 punches (for a space element) or
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TELEGRAPHY B, 1976 (continued)

remains stationary (mark element). In sketch (b), the left-hand selector
bar is shown positioned for a mark element, and the right-hand 
selector bar for a space element.

The paper tape is held between the die plate and guide plate of a 
punch block. During the movement of the perforating cam shaft, the 
punch block and tape are moved downwards over the punches. The 
punches set for space elements are free to move downwards under the 
tape. However-, the punches set for mark elements are prevented from 
moving by the sHector bars, which rest on the anvil, and these punches 
perforate the tape. After perforating, the punches are all restored to a 
normal petition by the action of a withdrawing bracket (C). The 
paper tape is supplied with feed holes and, late in the restoring move - 
ment of the punch block, a toothed wheel rotates to feed the tape 
forward by one feed hole, a distance of 2-54 mm. The next character 
is then punched.

Q 9 Dr aw circuit diagrams to show
(a) the interconnexion of 2 teleprinters using doMe-cttrrent signals 

and having local records,
(b) the connexion of sevetra teleprinters to form a broadcast network, 

and'
(c) the connexion ofsevera! teleprinters to form a conference network.

A 9 (a) The sketch shows the interconnexxon of 2 teleprinters having 
local records, using double-current signals.

(b) and 
p. 34, July

(c) See A4, Telegraphy B, 1974, Supplement, Vol. 68, 
1975.

Q 10 (a) Draw a sketch, and describe the operation, of a telegraph 
relay with merctmy-wetted contacts.

(b) What are the advantages and disadvantages of this type of relay, 
compared with a dry-contact telegraph relay ?

(c) A telegraph relay in correct adjustment is used to repeat signals 
at the distant end of a phywcai circuit. Sketch tflpical waveforms to 
show the effect of the relay on the signals.

(d) £hat is the effect on the signals if the relay introduces bias dis
tortion?

A 10 (a) Sketch (a) shows the construction of a mercury-wetted 
relay. A nickel-iron reed, with one end immersed in a pool of mercury, 
is encapsulated in glass with 2 polarized platinum contacts. The 
faces of the reed are granular, grooved and plated with nickel, so 

that the mercury wets the faces of the reed by capillary action. The 
capsule is filled with hydrogen at high pressure, and settled. An 
operating coil surrounds the capsule. The complete relay is enclosed 
in a metal can.

CONNEXION TAGS TO 
PLATINUM CONTACTS

(b)

When the reed touches one of the contacts, elrctrical connexxon is 
established by a bridge of mercury; the liquid is confined to the 
contact dome because the area of the pole-piece surrounding the 
contact is oxydized before assembly. When the contact begins to open, 
the mercury stretches to a thin neck (as shown in sketch (b)), which 
rapidly breaks as the mercury changes to a spherical shape under 
surface tension; the sphere finally drops into the pool of mercury. The 
break action is fast, preventing heavy sparking. Any spark that does 
occur causes the mercury to vapourize, and the vapour condenses on 
the sides of the capsule and returns to the mercury pool.

The action of the relay is illustrated in sketch (c). The nne■glzatton 
of the operating coil in the direction shown causes the formation of 
north (TN) and south (S) poles in the reed. The free end of the reed 
moves in the direction shown in accordance with the law that unlike 
poles attract and like poles repel.

(b) In this type of relay, there is no contact wear and, conseque^ty, 
the contact faces require no maintenance. The contact area is larger than 
for dry-contact relays because of the small pool of mercury surround
ing the contact. The contacts are very reliable, and the life of the relay 
is in excess of 109 operations. The relay is smaH and can be mounted 
directiy on a printed-circuit board if detired. Failure of the relay 
entails complete replacement, which can be done quickly and eassiy. 
The relay is light, and can be operated at speeds up to about 300 bauds.

The relay has several disadvantages, the main one being that it 
must be mounted within 30° of vertical. Any deviation from this 
causes the mercury to shoirr-circuit the contacts or cease to wet the 
reed. If the relay is stored for some time, the contacts may become 
bridged by mercury and, before use, the relay should be vibrated, or 
operated nlectricatly with no load, to shake the mercury into the pool. 
If the relay were operated with voltage applied to the contacts and a 
mercury bridge across them, oxide would form and insulate the 
contacts. The relay is not as sensitive as a converttonal telegraph 
relay: it requires a larger magnetomotive force.

RECEIVED 
UNE-SIGNAL 

CURRENT

SIGNAL 
FROM 

REPEATING
RELAY

REPEATED 
SIGNAL 
FROM
REl Y 
WTH

MARKING
BIAS

(d
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TELEGRAPHY B, 1976 (continued)
(c) Sketch (<b) show's typical waveforms for received current and 

repeated signal at the distant end of a physical circuit. The repeating 
relay reconstitutes the square shape of the original (sending) wave
form, and restores the amplitude, but does not correct any distortion.

(d) Sketch (d) also shows the waveform for a repeating relay having 
a marking bias; that is, the relay consistentty lengthens mark signals. 
This changes the amount of distortion.

CORRECTION
TELEGRAPHY B, 1975 (Supplement, Vol. 69, July 1976)

A 7 ((1) (ti) In the first line of the second paragraph, “‘transit’” 
should read “intercontinental”. In the eighth line, “transit” should 
read “keyboard”.

COMPUTERS B, 1976
Students were expected to answer any 6 questions

Q I (a) With the aid of a circuit diagram, explain the operation of a 
bistable element having a stepping input and direct-setting inputs (a 
clocked bistable elemem).

(b) Using the logic syrnboafar the bistable element drawn for part (a), 
draw a logic diagram of a binary coumer that will could from binary 0 
to 9 and restore to 0 again. Use a timing diagram to explain the opera
tion of the counter.

A 1 (a) The logic circuit of a bistable element having a stepping 
input (labelled clock) and direct-setting inputs (labelled clear and 
preset) is shown in sketch fa). The pulse-forming circuit is a resistive- 
capacitive network that produces a narrow voltage stikr at the leading 
and trailing edges of the clock pulses. In the following description, it is 
assumed that the clear and pr_eset inputs are at logic 0, output Q is 
initially at logic b and output Q is initially at logic 0. Positive logic is 
assumed, so that a positive-going transstion represents a logic I pulse.

Initially,_gate GI is enabled by output Q, and gate G3 is inhibited 
by output Q. The next positive-going transtion from the clock input 
is therefore transmitted through gate GI to the input of gate G2, thus 
seeting output Q to logic 0. The output of gate G3 remains at logic 0. 
All inputs to gate G4 are thus at logic 0, so that output Q is changed to 
logic 1. The bistable element thus changes state.

When the input pulse ceases, the outputs of gates GI and G3 are 
at logic 0, and the element is held in its new state by output Q applied 
to gate G2. The feedback conditions are such that gate G1 is inhibited 
and gate G3 is enabled.

The next positive-going transition from the clock input is 
transmitted through gate G3 to the input of gate G4, thus meeting 
output Q to logic 0. All inputs to gate G2 are thus at logic 0, and 
output Q changes to logic I. The element thus again changes state.

The element therefore changes state at half the frequency of the 
clock, and can be used as the basic unit of a binary counter.

If, at a point just after the cessation of an input pulse, the preset 
input is set to logic 0 and the clear input to logic b the clear input 
sees output Q to logic 0. All inputs to gate G4 are at logic 0, and output 
Q is set to logic I. Similarly, if the preset input is set to logic I and 
the clear input to logic 0, output Q is set to logic 0 and output Q 
to logic I.

(b) The logic diagram of a binary counter that will count from 0 to 
9 and restore to 0 again is shown in sketch (b). The counter is con - 
structed from 4 bistable elements of the type described in part _a), 
although the preset inputs are not used. For each stage, output Q is 
used as the stepping input to the subsequent bistable rtrment. A 
timing chart for the counter is shown in sketch (c).

Before the first positive-going transition from the clock input, all 
the bistable elements are cleared; that is, all the outputs Q are set to 
logic 0. When the first positive-going transition occurs, bistable 
element BI is see; that is, output Q0 becomes logic I. On the saeond 
positive-going edge, output Q0 reverts to_logic0, and output Q0 be
comes logic I. The positive-going edge of Q0 sets output Qi to logic I. 
The timing chart illustrates how this process carries through the 
counter. Outputs Q0, Qi, Q3 and Q3 give a binary count of the number 
of positive-going clock-pulse transitions received, with output Q0 being 
the least significant digit.

On the tenth positive-going clock-pulse transition, the counter sets 
itsef to 1110, but this state is held only momentarily because the
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Note: The stepping inputs to each stage are fed via pulse-forming circuits, giving 
the transitions shown

( C)

and gate detects the condition and applies a short pulse to the clear 
inputs. All the outputs Q are thus reset to logic 0.

(In practice, it is necessary to arrange for the and gate also to trigger 
a timing circuit that disconnects output Qi for a brief period. This 
prevents the positive-going transition, produced as bistable element 
B2 restores from its momentary operation, from interfering with the 
reset condition of bistable element B3.)

Q 2 ((1) Carry out the following conversions, showing all working:
(i) denary 237-718 75 to binary and nctml notations, and
(ii) binary 101 110- 101 110 1 t0 denary and 00tmi notations.
(b) Express binary 1 101 DO 111 DO III -010 110 10 I11 hexadecimal

form.
A 2 (a) (1) To convert the denary number 237-71875 to binary 
form, the integraa and fractional parts are considered separateey. The 
integral part is repeatedly divided by 2, the remainders bemg noted in 
reverse order and the fractional part is repeatedly multiplied by 2, 
the resulting integers being noted in their correct order.

Integraa Part Fractional Part

Quotient Remainder Result Product

237 -+2 0-71875 x 2
118 1 1 0-477 50
59 0 0 0-875 00
29 1 1 0-750 00
14 1 1 0-500 00
- 0 1 0-000 00
7 1
I 1
O 1
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COMPUTERS B, 1976 (continued)

237-718 75io := 11 101101-101 117.

Since 8 = 23, each 3 bit binary group can be converted to an octal 
digit by writing its denary value.

011 101 101’101 110? = 355-568.

(ii) To convert the binary number 101 110-101 110 1 into denary 
form, each binary digit is multiplied by its weight, and the results are 
added together-.

I' 46726 562 5

Binary Digit Weight ResjUt

1 25 = 32 32
0 24= 16 0
1 23 = 8 8
1 22 = 4 4
1 21 = 2 2
0 20 = 1 0
1 2*1 =0-500 000 0 0-5
0 2“2 = 0-250 000 0 0
1 2 3 = --125 000 0 0-125
1 2’4 = 0-062 500 0 0-002 5
1 2 - 5 = 0-031 2500 0-03125
0 2-0 = 0-015 025 0 0
1 2 -7 = 0-007 812 5 0-007 812 5

.‘. 101 110-101 110 12 - - 46'726 562 510.

Converting each 3 bit binary group into its denary value gives

101 110-101 110 1002 = 56-5(4110.

(b) A hexadeciiual number has a radix of 16. The 10 deccmaldigits 
0-9 are used, together with 6 more digits- usuaUy A, B, C, D, E and 
F, which represent 10, =0, 12, 13, 14 and 15 respectively as single 
characters. Since 16 = 24, each 4 bit binary group can be converted 
to a hexadecimal digit by writing its denary value (or the code letter 
representing the denary value, if appropriate).

. •. 1101 1001 1110 0111-0101 10102 = D9E7-5A15.

Q 3 (a) Draw a block diagram of the logic circuit needed to perform 
binary division by hardware, and explain its operation.

(b) Verify the diagram by illustrating how the logic performs ID 000 + 
==0.

A 3 (a) The hardware needed to perform binary division, using a 
parallel-restoring technique, is shown in ths sketch. At the start of the 
process, the divisor is stored in register B and the double-length 
dividend is stored in the accumulator (most significant bits) and 
register Q (least significant bits).

At each stage of the process, the contents of register B are sub
tracted from the contents of the accumulator, and the result is placed 
in the accumulator. The complementing unit is used to obtain the 

negative value of the contents of register B, and the full adders are 
used to perform the subtraction by adding the negative values to the 
contents of the a<c:umulator. If the sign bit in the accumulator is the 
same as the sign bit in register B, the sign comparator is set to logic 1. 
Ifthe sign bits are different, the contents ofthe accumiuator arerestored 
by adding the contents of register B (the complementing unit being 
switched off), and the sign comparator is set to logic 0. '

After either of the above operations, the ennire contents of the 
accimnUator, register Q and sign comparator are shifted one place to 
the left. The most significant bit of register Q is transferred to the least
significant-bit position of the accumulator, and the contents of the 
sign comparator are placed in the least-stgntficant-btt posstion of 
register Q. The number of times the operation is performed is one 
greater than the number of bits in register B.

At the end of the process, the quotient is stored in register Q, and 
the remainder in the accumulator.

(b) To obtain the residt of 110 0002 + 1102 it is necessary first to 
add the relevant sign bits, and then hold the resuuting numbers in 
registers of sufficient length to perform the calculation. For this 
particular calculation, all registers must hold 4 bit, and the calculatton 
becomes 0011 00002 + 01102 (or 4810 + 610 = 810).

Using the technique described in part (a), the sequence of operations 
is as shown in the chart.

Operation
Accumulator Register 

Q
Sign 

Compprator
Register 

B

First Stage 0011 0000 0110
Subtract (B) 0110
(Sign bits 1101

different)
Restore (A) 0011

0

Shift left 0110 0000

Second Stage 
Subtract (B) 0110
(Sign bits 0000

identical) 
Shift left 0000 0001

1

Third Stage
Subtract (B) 0110
(Sign bits 1010

different)
Restore (A) 0000

0

Shift left 0000 0010

Fourth Stage 
Subtract (B) 0110
(Sign bits 1010

different)
Restore (A) 0000

0

Shift left 0000 0100

Fifth Stage
Subtract (B) 0110
(Sign bits 1010

different)
Restore (A) 0000

0

Shift left 0000 1000

. A) tonlenis of accumizaor 
(b): Contents of register B

Hence, the quotient (register Q) is 10002 = 810, and the remainder 
(accumulator) is 00002 = 010-

Q 4 (a) Draw the truth table for a binary full adder.
(b) From the truth table, produce Boolean expressions for the sum 

and carry, and minimize these expressions.
(c) Draw a logic diagram of a binary fril adder, using and, or, 

NOT and EQUIVALENCE logic elements.

A 4 (a) A binary full adder is a device which adds 2 binary numbers, 
A and B, one digit at a time, together with the carry digit, C, from the 
previous stage of addition. Its output consists of sum and carry digits. 
The truth table for a binary full adder is shown in the table.
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Inputs Outputs

A B C SUM CARRY

0 0 0 0 0
0 0 1 l 0
0 1 0 1 0
0 l 1 0 1
1 0 0 1 0
l O 1 0 1
I 1 O 0 1
1 1 1 1 I

(b) From the truth table, a Boolean expression, for the sum is 

svum=A-B-C+AB-C + A-BC+A-BC.

Minimizing the expression gives

sum = A-(B-C+ B-C) + X~-(E'C + 8-5).

The element (B-C + RC) is called an equivalence element; the 
output is logic 1 only when the inputs are identical. It is given the 
symbol (EeC). The element (B-C +- BC) is called an exclusive or 
element; the output is logic 1 when one, and only one, of the inputs is 
at logic 1. It is the inverse of the equivalence function, and is given 
the symbol (B gi C).

.'. sum = A-(B e C) + A-(B g C).

A Boolean expression for the carry is

carry = A-B-C + A-B-C + A-B-C-+ A-B-C.

Minimizing the expression gives

carry = B-C(A'+ A) + A(B-C + B-C),

= B'C+ A-(g§i C).

(c) A logic diagram of a binary full adder, usmg and, or, not and 
equivalence logic elements, is shown in the sketch.

Q 5 (a) Draw the circuit diagram, and explain the operation, of a 
simple not logic element having a speerd-np capadtor.

(b) Sketch the graph of the gate in part (a), and use it to e xplain how 
the speed-up capadtor improves the switching speed of thegate.

A .15 (a) The circuit diagram of a simple not logic element having 
a speed-up capacitor is shown in sketch (a).

When zero potential (defined as the high levell is applied to the 
base of the transistor via base resistor RI, the base current is zero 
and the transistor is in the off state. The collector current consists of 
only the leakage current, and is therefore small. Thus, the potential 
diHetence across collector resistor R2 is also smaH, and the output 
potential is almost — Vcc volts.

When — Vcc volts (defined as low levd)is applied to the base of the 
transistor, the base current is sufficient to switch on the transistor. 
The potential difference between the collector and emitter is almost 
zero, and the output potential is virtually zero (that is, the output is 
high level).

If the low level is defined as logic state 1 and the high level as logic 0 
(that is, assuming the negative-logic convention), the operation of the 
gate is given by the following truth table.

Input Output

The circuit is, therefore, a not logic ellment.

0 1
1 0

(b) As illustrated in sketch (b), the transistor takes a finite time to 
switch on when an input potential is applied to the base. This is called 
the turn-on lime, and it can be reduced by overdriving the transistor. 
Overdriving is achieved by applying a base current in excess of that 
required to drive the transistor into saturation; the collector current 
thus aims to reach a higher final value than that required, but in the 
same-turn-on time. When the collector current reaches its saturation 
value, it ceases to rise. Thus, the turn-on time is reduced.

The overdriving current has the disadvantage that it forms an 
excess stored charge in the base of the transistor, and this charge has 
to be removed when the transistor is switched off. This tends to 
increase the turn-off time.

A speed-up capacctor improves the switching speed of the gate 
without increasmg the turn-off time. When the input potential is 
applied to turn on the transistor, the capacctor draw's a large charging 
current. This current, added to the current through resistor R), over
drives the transistor and reduces the turn-on time. as shown by the 
dashed line in sketch (b). The charging current reduces exponentially 
as the capacitor charges, and the base current evenUiaHy becomes equal 
to that required to saturate the transistor.

When the transistor is turned off, the speed-up capacctor rapidly 
discharges, taking its discharge current from the base. This removes 
the excess stored charge from the base and, thus, the overafi turn-off 
time may be reduced, again as indicated by the dashed line.

?Q 6 (()) Explain the function of a scc|tumcil-ontri>t regisSter.
(h) With the aid of a block diagram of the regisSer structure of a 

typical digital computer, explain the sequence of operations for the 
extraction and execution ofa relative jump forward.

(c) How does the sequence ofa relative-jump instruction vary from 
that of am indirect-jmnp instruction?

A 6 See AS, Computers B, 1969, Supplemed, Vol. 63, p. 32, July 1970, 
and A6, Computers B, 1972, Supplemen, Vol. 66, p. 65, Oct. 1973.

Q 7 (a) Why are mnemonic codes used for writing aeecmbly-leve 
programs 7

(h) Explain some of the typical restrictions imposed on the assignment 
of mnemonic codes.

(c) Devise a mnemonic code and, with a comprehensive key, explain 
in detad its functions. Use the code to write a program that uses address 
modification to input 100 characterx from a paper-tape reader and store 
them in 100 successive store locations in a data area caUedLfST.

A 7 (a) Mnemonic codes simplify the writing of assembly-level 
programs by allowing characters to be assigned to maehine-code 
instructions and addresses. Thus, each instruction and addrete has a 
recognizable identifier that can be used in programs in place of the 
binary machine code. The mnemonic code is usually a set of abbrevia
tions, designed to be readily interpreted.

(b) The number of characters in each mnemonic is often resricted, 
so that the abbreviation is necesssriiy concise. Il is not normally 
permissible for the first character of a mnemonic to be a numeral.

(c) Table ) shows a mnemonic code of the type used for a eimpll 
computer having one accumulator and the ability to handle only 
single-address instructions.
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Table 1

Mnemonic Meaning

LOAD A Load the content of store location A into the accumulator

STOR A Store the content of the accumulator in store location A

ADD A Add the content of store location A to that of the 
accumulator, and store the residt in the accumuuator

SUB A Subtract the content of store location A from that of 
the accllmulator, and store the resuh in the accumu
lator

JUMP A Execute next the instruction at address A

JEQ A Execute next the instruction at address A if the contenf 
of the accumuuator is zero

READ Read one character from a paper- tape

STOP End of program

Table 2 gives the required program, using the mnemonic code 
described above.

Table 2

Address Instruction Comments

LI READ

Store location count is initially set to 
100

Store location one is initially set to 1
Reads character from paper tape

L2 STOR LIST Stores character in data area LIST

L3

LOAD COUNT
SUB ONE
JEQ L3
STOR COUNT
LOAD L2 
ADD ONE
STOR L2
JUMP L1
STOP

Loads counter into accumuuator
Subtracts 1 from counter
If counter is zero, program finishes 
Returns counter to store
Loads instruction L2 into accumuuator 
Modifies address in instruction 
Returns instruction L2 to store 
Jumps unconditionally to start
Program finishes

Q 8 (a) With the aid of a timing diagram, explain how the binary 
word 010 Ill 001 is stored in a disc backing store, using the following 
methods of recording:

(i) non-return-to-zero, and
(ii) return-to-zero.

(b) Explain what is meant by the following terms, used in connexion 
with disc storage:

(i) sector (block),
(if) packing density, and
(iii) drop-out.

A 8 (a) Sketch (a) is a timing diagram, illustrating how the binary 
word 010 111 001 is stored on a disc backing store.

(i) In the non-return-to-zero system, the magnetic recording surface 
is always magnetized in one of 2 directions. The direction of magne
tization is changed only when the information is changed from logic 
state 1 to logic state 0, or vice-versa.

(ii) In the return-to-zero system, each binary digit is represented on 
the recording surface by one of 2 directions of magnetization, corres
ponding to logic states 1 and 0. The surface between digits is not 
magnetized.

(b) Sketch (b) is a plan view of a magnetic disc.
(r) Information is stored on a number of concenni'ic tracks, and 

the disc can be considered to be divided into a number of sectors (or 
blocks), as shown by the radial dashed lines. Sectors are used in the 
addressing of areas of the disc for read/write purposes. Information 
can be identified by track and sector numbers. The same amount of 
information is held on each track within a sector.

(ii ) Packing density (or recording density) relates to the amount of 
information that can be stored in a given length of track around the 
disc. It is normally quoted in binary digits/unit length. So that the 
amount of information on each track within a sector is constant, a 
higher packing denssty is necessary on tracks nearer the centre.

(Hi) The term drop-out refers to information being loss, because of 
damage to the oxide magnetic surface of the disc. It is impossible to 
store information in a damaged area.

Q 9 (a) Draw a diagram of a diode function generator that has 6 
break points and produces a positive output for either polarity of input.

(b) Explain how the generator is adjusted to r epresent particular
functions.

(c) How can a more accurate approximation be obtained?

A 9 See A8, Computers B, 1973, Supplemetd, Vol. 67, p. 57, Oct. 
1974.

Q 10 (a) Draw a diagram of an operational amplifier that is used to 
sum ) analogue values, showing clearly the position of input and feedback 
components.

(b) What is meant by the virtual-earth concept, as applied to an ideza 
operationaa amplifier? Applying this concept to a summing amplifier, 
derive from basic principles a formula that gives the output voltage in 
terms of the input voltages and input andfeedback resistances.

A 10 See A10, Computers B, 1914, Supplement, Vol. 68, p. 49, 
Oct. 1975, and A8, Computers B, 1915, Supplement, Vol. 69, p. 55, 
Oct. 1976.
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LINE PLANT PRACTICE B, 1976 
Students were expected to answer any 6 questions

Q I ((1) Why is it nece.sjriu-y to have an overall transmission plan when 
considering circuit losses .

(b) What is the maximum transmission loss at 1-6 kHz allawedfor a 
local-line circmit?

(c) What is the maximum signaling resistance allowedfor a lacal-Hne 
circuit ?

(d Fig. l shows a subscriber’s line connected to an exchange. From 
the values given in the table, calculate the maximum length of 0-40 mm 
diameter conductor that could be used to keep the line within both the 
transmission andsignalling limits.

DIAMETER

Conductor
Diameter 

(mm)

DC Loop 
Resistance 

(Q/km)

Planning 
Attenuation 

(dB/km)

0-40 275 2-20
0-63 009 0-3—
0-90 55 0 304

LENGTH

OMD mm 063 mm 0-90 mm
EXCHANGE 7 057 km 6'36km

Fig- 1

A 1 (a) To ensure that speech is satisfactory between any 2 
telephones in the national and international networks, the worst 
transmission loss permissible is defined. This standard is the overall 
trantnittion plan,and it is important to be able to assess the trans
mission loss contributed by each section of the network.

(2) and (c) in the British Pos Office national network, the maximum 
transmission loss at 1-6 kHz allowed for a local-line circuit is 10 dB. 
The maximum signalling resistance (loop resistance) is 1 10.

(it) The loop resistance of the 0-63 mm diameter section of line is 
109 x 0-87 = 94-83 (2, and the loop resistance of the 0-90mm 
diameter section is 55 X 6-36 = 349-8 Q.

Thus, the maximum allowable loop resistance of the 0-40 mm 
diameter section is 1000 — (94-83 + 349-8) = 555-37 Q. Hence, the 
maximum permissible length of this section to meet the tignalling 
limit is 555-37/275 = 2-02 Im.

The attenuation of the 0-63 mm diameter seetion of line is 
1-38 x 0-87 2 1-2dB, and the attenuation of the 0-90 mm diameter 
section is 1-04 X 6 36 = 6-61dB.

Thus, the maximum allowable attenuation of the 0-40 mm diameter 
section is 10 — (1-2 + 6-61) = 2-19 dB. Hence, the maximum per
missible length of this section to meet the transmission limit is 
2-19/2-20 z 1lm,

The more stringent limit is due to the attenuation, and the maximum 
length ofthe 0-40 mm diameter section offline is 1 Im.

Q 2 A copper wire, 2 mm in diameter, is suspended between 2 poles. 
The breaking stress of the wire is 468 MPa, and the maxinmm dip 
allowable is 630 mm. The wire weighs 270 MN/m, and a factor of 
safety of 4-4 is required. Calculate the maximum span that can be used.

A 2 The tension, Tnewtons, of a suspended wire is given by

'8 x630xl0-3x448 8X06xnxll10-6270X10*^X474 Fi-m

Q 3 (a) Describe, with the aid ofkketehes, 2 types of copper-sulphate 
half-cell used for potemtat measurements in elecfrolytic-corrosion 
investigations.

(b) State the conditions under which each type of hOf-rell is used.

A 3 (a) Sketch (a) shows one type of copper-sulphate half-ceU. This 
type consists ests■elttally of a porous pot containing a saturated solution 
of copper sulphate, in which an electttolytir copper rod is immersed. 
The pot is sealed with a rubber muff containing a bung that holds the 
copper rod.

Sketch (b) shows an alternative design of half-cell, consisting of a 
slim plastic tube having a porous pointed wooden plug at the base. 
Again, the tube contains a copper-sulphate solution and an electttolytic 
copper rod. A rubber cap seals the half-ceU.

RUBBER 
MUFF

POROUS 
POT

SATURATED 
COPPER-SULPHATE 

PERUnON

VOLTMETER 
LEAD

RUBBER. CORK on 
PLASTIC BUNG

ELECTROLYTIC 
COPPER RUD

EXCESS 
CUPPEft-~ULPHATE 

CRYSTALS

(b) The type of half-cell shown in sketch (d) is used for taking 
measurements in a cable joint-box by placing the cell in water on the 
floor of the box, in close proximity to the cable under test.

If tests are to be made on a buried cable, the type of haf-cell shown 
in sketch (b) is used, as it can be inserted in the soil near to the cable.

Q 4 A 50 Hz power line ihus close to an overhead telephone line, as 
shown in Fig. 2, which is drawn to scale. Fig. 3 shows the relationship 
between muiua inductance and separaoing distance. To what value must 
a fault current in the power line be limitedfor the induced longitudinat 
voltage in the telephone line not to exceed 430 V?

_ WL2T h —-d newtons, 
OU

where W is the weight per unit length of the wire (newtons/metre), L is 
the length of the span (metres), and D is the maximum dip (metres).

The maxinum tension in the wire is given by

Tmax _fma^A newtons,

where fmax is the breaking stress of the wire (potcalt), A is the cross
sectional area of the wire (metres2), and S is the factor of safdy.

Equating T and Tmax gives

lI'/(Lnlx)2 = fnax A, 
8D ~

where Lmax is the maximum possible span length.

SD I ... !■ - Lmax = \—j— -metres,
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MUTUAL 
INDUCTANCE 

(mH/km)

SEPARATION (m)

AIR PRESSURE 
TO BEMEASUHED

Fig. 3

ATMOSPHERIC 
PHESSURE

OPEN GLASS
TUBE

:ai

MOVABLE 
SCALE

m'ÉCU.Y
■ COLUMN

ENCLOSED 
• MERCURY 
RESERVOIR

AIRPRESSURE 
TO BEMEASURED

■ b)

A 4 The telephone line in Fig. 2 is divided into sections A - B, B--C 
etc., asshown. Ordinates Aa, Bb etc. are erected normal to the power 
line at the start and end of each section. The ordinates are drawn using 
the standard geometrical construction process of striking arcs; to 
illustrate the process, the construction arcs for ordinate Cc are shown, 
but those for the other ordinates have been omitted for clarity.

The length of the ordinate at the start of each section, (11 metres, 
and that of the ordinate at the end of each section, d2 metres, are 
measured, and the mean separation, ((11 + d2)/2 metres, between each 
section and the power line is calculated. Hence, the mutual inductance 
per unit length of each section, M miHihenrys/kilometre, is read from 
the graph in Fig. 3.

The length, / kilometres, of each section when projected onto the 
power line (ab, bc etc.) is measured, and thus the mutual inductance of 
each seetion, A//milHhcm■yt, and hence the total mutual inductance, 
is calculated.

The results are shown in the table, taking into account the conceding 
effect of sections running from right to left by considering them to 
contribute negative mutual inductance.

(b) An aneroid-type manometer works on the principle of the 
aneroid barometer- in which the faces of an evacuated corrugoted-stee! 
cylinder move with variations in applied pressure. This movement 
actuates a gearing mechanism to drive a pointer over a scale. In the 
manometer- shown in sketch (b) the gearing mechanism is replaced by 
eleccrical contacts, which move in relation to the pressure on the 
evacuated capsule.

The contacts form part of a circuit having a cathode-ray indicator. 
This displays an exctan1atton-mal-k pattern and, by turning a knob 
associated with a digital count«-, the dash can be made just to touch 
the dot. The pressure value is then read from the counter. In effecc, 
the digital counter is a form of micrometer-, measuring the amount by 
which the contacts are displaced by the pressure being recorded. This 
type of manometer is a high-preccsion instrument, and can detect very 
small changes in pressure.

Total mutual inductance: 0-28

Section
(11

(m)
d2

(m)
((1+dz)/2

(m)
M

(mH/km)
/ 

(km)
Ml 

(mH)

A - B 280 140 210 0-43 034 +0-15
B-C 140 100 120 0-54 002 -0-01
C-D 100 0 50 0-69 0-23 +0-16
D~E 0 30 15 0-90 0-07 + 0-06
E~F 30 190 111 0-55 0-15 -0-08

Q 6 It is required to identify a pair of wires in a cable passhm through 
ajohnt-box that contains sevcrat cables. Describe, with theaidofsketches, 
the method of locating

(a) the correct cable, and
(b) the correct pair within that coble.
Include in your answer details of the equipment used.

The induced longitudinal voltage in the telephone line, EvoUs, is 
given by

E = 2nfMll volts,

where f is the frequency of the power supply (hertz), l is the fault 
current (amperes), and Ml is in henrys.

1 E

A 6 (a) To identify one cable among several in a jointing chamber, 
o low-power- osccilator, a search coilknown aso blade probe, an ampli
fier ond headphones ore used. The osccilator has an output of 15 mW 
at 1 kHz, and the tone can be modulated at between 2-20 pulses/s. The 
block probe is illustrated in sketch (60, and consists of a lOOOOOuun 
inductive coil wound on the centre limb of a cylindrical E-cetion 
ferrite core. A capacctor is wired in parallel with the coil to tune it to 
1 kHz, and the whole is contained within o 50 mm polyethylene cube. 
The probe can be fitted with a telescopic handle fortatt of operation. 
A coaxial cord connects the probe to the omplifier.

The cable to be located is first identified at a known point, such as a 
main distribution frame or cross-connexion point. A spare poir is 
selected, preferably in an outer layer or unit if the cable is large, and 
the osccilator is connected across the pair, with its output adjusted to 
give on interrupted tone. To increase the strength of the signal current, 
the pair is short-Crcuiled at the end remote from the oscUlator, if 
practicable. The sheath, foil moisture-barrier, conductors surrounding 
the pair and ony armouring wires or tapes do not seriously screen the 
signal.

Z 2wa4/amperes,

430
2rr x 5 xO-Z.8 > io A = 4-9 kA.

Q 5 Describe, with the aid of sketches, the following items of equip
ment, usedfor measuring air pressure in cables“

(a) the tube-U'pe manomeeer, and
(b) the anei'oid-type manometer.

A 5 (a) A tube-type manometer is basicaHy o mercury barometer 
with the top of the tube left open to the atmosphere, as shown in 
sketch (a). This type of manometer is used in the field for measuring 
ah' ptetturtt in pressurized cables. The instrument is machined from 
solid perspex to ensure that it is robust enough for field use. The 
scale is movable so that, with no air pressure applied, the scale zero 
can be aligned with the level of mercury to compensate for 
voriotiont in atmospheric pressure.

BAYONET SOCKET FOR COAXIALSOCKET

CENTRE LIMB 
0FCORE

■( 0 (b)
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LINE PLANT PRACTICE B, 1976 (continue!)
The current flowing in the pair produces a magnetic fieid. The block 

probe is passed among the cables until the correct cable is identified.
(b) The identification of a pair in anopencablcjoint is carried out 

using the same equipment, except that the block probe is replaced by a 
pencH probe. The pencil probe is a 130 mm long capacitive probe 
having a brass-rod electrode extending from the inner conductor of a 
coaxial cord. The electrode and the screened conductor are sheathed 
in moulded rubber, although the tip of the electrode is exposed. 
Detection in this case is easier if the pair connected to the osctilator is 
open-chciiit at the remote end.

The pencci probe is used to locate the posstion of the wanted pair 
by bringing the tip near a group of wires; this makes it po-siblr to 
detect whether the group contains the marked pair. By sub-dividing the 
joint into smaller groups, the wanted pair is eventually identified. The 
loudest tone is heard when the tip touches the marked conductors and, 
to confirm that the correct pair has been selected, the conductors are 
short-circuited with the metal tip, thus signiricantly weakening the 
ssignai. Sketch (b) illustrates the principle of the method; the in
stantaneous charge is shown for one point in the signal cycle.

An alternative method of using the probe is to place it inside a shirt 
pocket, waistband or watch strap. It is then possible to locate the 
marked pair using the fingers; the level of tone heard is loudest when 
the wanted pair is held between the finger and thumb. This method 
relies on the capacitance of the body to complete the probe circuit.

Q 7 Describe, with the aid of sketches, a method of terminating a 
2-6/95 mm coaxial pair.

A 7 Cables containing 2‘6/9‘5mm coaxial pairs are normally 
manufactured with 2 or 4 pairs, or multiples thereof; anexcepfion is the 
lS-pair 60 MHz cable. The method of terminating such cables is 
therefore described here, and illustrated in the sketch. (Termination of 
a single 2-6/9-5 mm pair is described in A5, Line Plant Practice B, 
1971, Supplement, Vol. 65, p. 49, Oct. 19712..:)

(a) The polyethylene protection and lead shraihing is removed 
from the cable. The paper tape is secured with a cotton tie near the 
sheath, and the paper is removed as far as the tie.

(b) The interstitial pairs are kid back, and the c°axial pairs are 
cut to the required length.

(c) A cotton tie is placed round the numbered paper tape of each 
coaxial pair, and the paper removed as far as the tie. The steel tapes 
of each pair are cut to length and temporarily secured.

(rd) The mner and outer conductors of each coaxial pair are cut to 
length, cleaned and tinned. An outer-conductor ferrule is slid over 
each outer conductor.

59) Each inner conductor is soldered to the centre pin of a -eailng- 
e T
(fl Each ferrule is correctly positioned, and soldered to the outer 

conductor at one end and to the shell of the seating-end at the other.
(g) The paper and steel tapes of each coaxial pair are secured with a 

binding of adhesive brown paper tape.
(1) The interstitial pairs are jointed to pairs made up of single 

PVC-covered wires of 2 colours (red and black), and paper sleeves are 
placed over the joints.

(1) An earth wire is soldered to the sheath.
(j) The interssttial pairs are separated into groups and placed in 

PVC tubes. The tubes and the earth wire are placed in a rubber cable 
sleeve for support and protection. The remote ends of the pairs are 
terminated on plug-type connectors.

(k) A further 130 mm of polyethylene protection are removed, and 
25 mm of the lead sheath adjacent to the protection are treated with 
plumbers’ blacking. The rest of the exposed sheath is tinned.

(!) The gland is fixed in position on the sheath. A 180 mm length 
of rubber hose is placed over the gland and secured with a hose clip. 
A second hose clip is placed at the top of the hose to maintain it in a 
circular form. Cotton wool is placed round the coaxial and t^tel's-ttial 
pairs at the cable butt.

(m) Epoxy resm is poured into the hose until it is full. The resulting 
encapsulation serves as an air block. When the resin is cured, which 
takes about 24 h, the hose and clips are removed.

(/1 A lapping of self-amaigamating tape is placed on the exposed 
sheath from the gland to the polyethylene protection. A lapping of 
black plastic adhesive tape is placed over the self-amaiga mating tape 
from the gland to a point 13 mm onto the polyethylene protection. 
In each case, 50% overlapping is used.

(a) An identification label is placed over the encapssUation.

SEALING»END

FERRULE

cotumWOOL

EARTH wis 
SOLDERED 
TU SHEATH

PLUG-TYPE 
CONNECTOR

EPOXY 
RESIN

COAXIAL 
PAIR

OUTER 
coutuctot

INNER . 
CONDUCTOR

BROWN PAPER 
TAPE EARTH TAG

RUBBER HOSE

PAPERSLEEVE 
OVER JOINT m 
IINTERSTITIAL 
CONDUCTOR

PApER
CORE -W RAPptNG

HVC
TUBES

RUBBER CABLE
SLEEVE

HOSE 
CLIP

Q 8 With the aid Q'sketches, describe a directly-buried type ofhonhing 
pot suitable for use in conjunction with an armoured cable.

Q 9 (a) Describe in detail, with the aid of sketches, a mnhod of 
conssructing a peinfoccrd-concrrtr manhole suitable for a 6-way duct 
route located in a carriageway.

(b) Describe, with the aid of sketches, the iron fittings that would be 
used

A 9 Sec A6, Line Plant Practice B, 1973, Supplement, Vo1. 67, p. 52, 
Oct. 1974, and A4, Lite Piatt Practice B, 1975, Suppiemen, Vol. 69, 
p. 50, Oct. 1976.

Q 10 ((1 Give an account of the causes and effects of cable creepage. 
(b) Describe, with the aid ofskeichrc, 2 types of anti-creepnge device.

A 1o (a) Cable creepage is the movement of cables in their ducts or 
jointing chambers, and often results it damage to the cables and joints. 
Although creepage can occur on steep gradients, or where there Is 
-ub-idlTCl due to mining, it is most often due to dt-tuib>ance- from 
road traffic. Cables tend to move it the same direction as that of the 
nearest traffic flow. Creepage is most pronounced

(i) where there is at unstable subsoil, such as clay, shingle or peaa, 
or where the ground has beet artificially built up,

(it) under roads carried ot embankments, or having deep ditches 
ot each side,

(Hi) where poor road -urfacr- are laid on firm subsoil, and
(iv) on long straight sections of road.

Creepage is, it general, confined to cables it earthenware self-aUgT- 
ing ducts. Polyethylene cables tend to creep at tw1ce the rate of lead 
cables.

There are 2 theories explaining cable ereepage: one assumes a 
surf-riding effect, and the other a convryer-brlf efleci. These fhrorir- 
are briefly discussed below.

Surf-Riding Effecc The wheel of a heavy vehicle, travelling along a 
macadam road surface above a duct line, call-e- a travelling depee-inn 
in the surface. The surf-riding theory assumes that transmitted shock 
waves give the duct line a travelling drpprssiolt (of a small amplitude) 
into which the cable, being flexible, falls. Sketch (a) ilhstrates the 
stuaton; for the purpose of the illustration, the amplitude of the 
deprr-sion is exaggerated. The leading slope of the drprrssioT is steep,
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while the trailing slope is shallower. The upward thrust of the duct 
has a practically zero horizontal component on the leading slope, 
whereas the cable tends to rest on the trailing slope, so that there is a 
horizontal component of thrust tending to push the cable forward. 
(The effect is similar to the manner in which a surf-rider advances by 
sliding down the face of a wave.) The extent of the movement is very 
small, being about 0-025 mm, and is within the elastic limit of the 
cable.

Conveyor-Belt Effect The conveyor-belt theory assumes the duct to 
be vibrated longitudinally with a saw-tooth action. Since duct joints 
are not rigid, each duct can execute a small-amplitude forward-and- 
backward movement, and creepage occurs if the backward movement 
is rapid and the forward movement slow. (This is the principle of the 
shaking conveyor belt.) A travelling depression from the passage of a 
heavy vehicle causes the following series of movements, which result 
from a force transmitted along a line approximately 45° forward of a 
perpendicular line originating at the vehicle’s axle and passing through 
the duct line.

(i) The duct is forced rapidly forward, breaking the static friction 
between the cable and duct.

(H) The duct is forced rapidly backward, past its rest point, again 
breaking the static friction.

(iii) The earth mass recovers slowly, and the duct moves forward 
approximately to its original position, carrying the cable with it; the 
movement of the duct is too slow to overcome the static friction.

The effect of creepage is illustrated in sketch (i). Cables are creeping 
in from the left-hand side, and the extent of the distortion of the 
cables and joints indicates that the rate of creepmg in is greater than 
that of creeping out. If creepage were allowed to continue, the lead 
sheaths and joints would probably fracture, resuUing in cable break
down.
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(b) There are 2 basic types of anti-creepage device dessgned for use 

in jointing chambers: one to prevent cables from creeping in, and one 
to prevent them creepmg out.

An anti-creep-out device is shown in sketch (c). It is a galvanized- 
steel anchoring tail having notched edges, welded to a collar that fits 
in the mouth of a duct. The cable is first wrapped in wire mesh, which 
is secured with a binding of plastic tape. The anchoring tail is wrapped 
with a bedding of plastic tape, and 3 adapters are fitted to notches in 
the tail; each adapter has a tongue that faces agamst the direction of 
creepage. A pin-and-buckle type hose clip secures each adapter tongue 
to the cable, and the adapters are prevented from lifting by spUt pins. 
The whole assembly is wrapped in protective tape.

An anti-creep-in device is illustrated in sketch (d). With this device, 
the action of the cable in creeping in is to drive a spreader that 
expands a spht collar. The collar, in expanding, grips the inside of the 
duct mouth. The tail is wrapped with a bedding of plastic tape, and the 
spreader end is placed inside the duct. The spUt collar is put in the 
duct mouth, and the tail pulled forward so that the spreader engages 
a tapered sol in the collar. The collar expands to give initial grip, and 
the cable is secured to the tail in the same way as for the anti-creep-out 
device.
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