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’

0. 1. Explain what is meant by the terms '‘ declination,
“dip,” and ‘‘ magnetic meridian.”” You are given a coil of
wire suspended vertically and connected to a sensitive galvano-
meter. Explain how you would use }his apparatus to deter-
mine the direction of the magnetic meridian.

A. 1. When a freely suspended magnetic needle is placed in
the earth’s field, the needle takes up a position so that its
magnetic axis lies along the lines of force of the field.

Magnetic meridian. The vertical plane containing the
magnetic axis of the needle is termed the ‘‘ magnetic
meridian.”’

Declination. Since the magnetic and geographical N.
poles do not coincide, there is an angle between the magnetic
and geographical meridians which varies fromv place to place.
This angle is called the variation or ‘‘ declination ’ and the
value at Greenwich at the present time is approximately
159 6/\V.

Dip. The angle between the horizontal plane and the
magnetic axis of the frcely suspended needle is termed the
inclination or angle of ‘“ dip.”” The present day angle of dip
at Greenwich is approximately 66° 50’.

To determine the direction of the magnetic meridian with the
apparatus given, use must be made of the principle discovered
by Faraday, that if a conductor is made to cut magnetic lincs
of force an E.M.F. is generated in it. The value of the
E.M.F. depends directly upon the number of lines cut per
second. Thus, if the coil and galvanometer are joined in «
simple series circuit and the coil is rotated at a uniform speed
about its vertical axis, the reading of the galvanomcter will
be a measure of the E.M.F. generated at any time. When
the plane of the coil is at right angles to the magnetic meridian,
as in sketch (a), the conductors of the coil are moving parallel
to the direction of the earth’s field and, as no lines are being
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cut, no E.M.F. is generated. When the plane of the coil is
in the magnetic meridian, as in sketch (b), the conductors are
cutting the earth’s field at right angles and a maximum
E.M.F. is generated. By this means it is possible to locate
the direction of the magnetic meridian if the position of the
coil corresponding to a maximum deflection of the galvano-

meter is noted. In the execution of the experiment the
following points are of importance :—

(a) The coil must be rotated at a uniform speed.

(b) The speed of the coil should be sufficiently high to
obtain an appreciable reading on the galvanometer, but
must allow the moving system of the instrument to
attain the position corresponding to the E.M.F.
generated.

(c) The coil should have as large a diameter as possible in
order that the number of lines cut per second is a
maximum.

(d) The coil should contain as many turns as possible so
that the E.M.F. generated is high.

Q. 2. Explain what is meant by the ‘‘ heating effect of a
current.”” What is its relationship to the current and the
resistance in a circuit? Why are electric lamps rated in
watts? What is the resistance of a 100-watt lamp used on a
240-volt circuit?

A. 2. When an electric current flows through any conductor
heat is generated and usually the temperature of the conductor
rises. This is referred to as the ¢ heating effect of a current
and is utilized in the working of electric fires, hot-wire
ammeters, electric welding, incandescent lighting, etc. Heat
is a form of energy and, from the principle of conservation of
energy, the heat energy generated must be equivalent to the
electrical energy expended in the conductor. The unit of
electrical energy is the ‘‘ joule ”” and from its definition :—

Electrical energy expended = EIt = I2Rt joules, where
I = amperes, R = ohms, and t = seconds.

It follows, therefore, that the heat energy generated = 2Rt

joules.
Thus :—
(a) The heat generated varies directly as the square of the
current.
(b) The heat generated varies directly as the resistance of
the circuit.

(c) The heat generated varies directly as the time for which

the current flows.

It is often more convenient to calculate the heat generated
in calories.

Therefore, since 1 joule = 0.24 calories,
Heat in calories 0.24 12Rt.

When a consumer wishes to buy an electric lamp, he is
mainly interested in the amount of light that the lamp will
give. With lamps of the same efficiency the amount of light
energy emitted is proportional to the amount of electrical
energy consumed. Hence, lamps are rated in watts to indicate
their power consumption; power being the energy consumed
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in unit time. A 100-watt lamp, for instance, consumes 100
watt-hours in one hour and with an efficiency of, say, 0.5 watt
per candle power the light is 200 c.p.
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E
Power in watts (P) = E x I = S where E = volts and

R = ohms.
E2 2402
Therefore R = T = 100"
volt lamp = 576 ohms.
This is the ‘‘ hot » resistance and is appreciably higher than
the resistance when cold.

ohms for the 100-watt, 240-

’

Q. 3. Explain what is meant by °“ electrostatic induction.’
A high tension power transmission line is in close proximity
to an overhead telephone line. Distinguish between the effects
produced in the telephone line when the power line is carrying
(a) direct current, (b) alternating current.

A. 3. If an insulated metal ball A is charged to a high
at a considerable distance away. This decrement of potentiul
is shown by the curve wxyz in the sketch. If, now, a long
in close proxim-

ity to A, the eft

in a region of
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A at different
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from left to right
until the poten-
tial is the same
at both ends. The left end of B has now a negative potential
as compared with the space immediately surrounding it.
Similarly, the right end of B has an apparent positive charge
compared with the field strength at that end.

This effect is known as ‘‘ electrostatic induction
common cause of interference with telephone lines.

When a high pressure power line runs near and parallel to
a telephone line, one of the telephone lines is nearer to the
power line than the other and a similar effect to that described
above occurs. In this case, however, the near wire is con-
nected to the more distant wire by the terminating telephone
receivers. The equalizing current thus flows through the
receivers and interferes with speech.

When the power line carries direct current, the equalizing
currents will flow only when the power is switched on or off,
or when the potential of the line changes due to varying load.
These changes will cause clicks in the telephone receiver.
When the power line carries alternating current, the potential
of the line is constantly changing both in magnitude and
direction. The potential equalizing currents will therefore
alternate between the near and distant lines at the same
frequency as the power supply. A hum will thus be produced
in the telephone receiver.

i Telephone
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Q. 4. Three similar insulated spheres are placed at the
corners A, B, C, of a triangle. AB = 3 cms., AC = 4 cms.,
BC = 5 cms. The balls each have an electric charge, A of
5 positive units, B of 4 negative units, and C of 3 positive
units. Show in a sketch the lines of electric force due to the
electric charges. What is the magnitude and divection of the
total force exerted on the ball at A?

A. 4. Sketch (a) shows the arrangement of the lines of force

near the three spheres. ‘“x’’ is a neutral point where no
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force would be exerted on an electric charge placed in this
position.

The sphere A is subject to a repulsive force from C and a
force of attraction from B. The force between any two charges
is given by the formula:—

Force = -Q—“;—Qz dynes, where
0, and Q, are the charges in electrostatic units, and d is the
distance in cms. between the charges.
F b A dC*5X3—£dnes
orce between A an =—4z = 1g dynes.
Force between A and B = 5—;21 = 28— dynes.

Since (BC)2 = (AB)2 + (AC)2, the figure ABC is a right
angle triangle with the right angle at A. Thus, the two forces
AC und AB act at right angles and their resultant can be found
by application of the parallelogram of farces as in sketch (b).

(a) b

2
The resultant (ad)? = (ab)? + (ac)? = ( 290)2 " (:'2)
= 5.818
and ad = 4/5.818 = 2.412 dynes.

Let ¢ be the angle between the resultant force and the force
ab. Then:—

bd 15 20 27
5=t o = o = 0420

and ¢ = 22° 52’ = 23° approx.

Tangent ¢

The resultant force on A is 2.412 dynes in magnitude and
acts at an angle of 23° (approx.) with the line AB.

. 5. How does the shape of a charged body affect the dis-
tribution of the charge on its surface? Illustrate your answer
by showing the distribution of the charge on the following
isolated conductors: a sphere, a cone, a cube, and a circular
disc. Explain the action of a sharp point on a highly charged

conductor.

A. 5. A charge of electricity does not usually distribute evenly
over the surface of a conductor, except where the curvature of
the surface is regular as, for example, a sphere. Where there
are edges or sharp corners on a body, the charge is more dense
at the corners and edges than on the flatter parts. The
sketches show the distribution of a charge on a sphere, a cone,
a cube, and a circular disc.

The reason for the uneven density of charge may be seen
from the following reasoning:—

Consider two spherical conductors A and B of radii 10 cms.
and 1 cm. respectively. Let the two spheres be in contact and
impart to the combination a charge of, say, 110 uC. This
charge will divide between the two spheres in the ratio of their
capacities. The capacity of a sphere is, however, proportional
to its radius. Therefore, the charges on A and B will be
100 »C and 10 uC respectively. The density of the charge on
the surface of a sphere is the total charge divided by the






The charge on each condenser must be the same and equal
to 87.5 micro-coulombs, since the quantity of electricity added
to plate A by the application of the battery must be the same
as the quantity withdrawn from plate C.

From the above relationship between Q,C, and V, the volt-
age across each condenser is:—

. Q 175 5
1 L= T = = = ;| N.
Volts across 25 ulf. = C, =7 * o2 35 volt:
Volts across 3% uFF. = TQ = 1;5— = 72 = 25 volts.
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NoOTE : —
The voltage across the 3} ulI. condenser could have
been found by subtracting 35v from 60v, but the above
method gives a check on the calculations.
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With the connexions as shown in the sketch and considering
the earth potential as zero, the potentials of the points marked
are: A = O, B = — 35 volts, and C = — 60 volts.

Q. 9. One mile of copper wire of No. 14 gauge (diameter
0.08”) has a resistance of 8.5 ohms. What is its specific resist-
ance per inch cube? The resistance per mile of a bronze wire
of the same gauge is 18.2 ohms. What is the specific resist-
ance of the bronze?

A. 9. The specific resistance of any material is defined as
the resistance of a cube of the material with side of unit
A x R x 106

L
microhms per inch cube. Where R ohms is the resistance of a
material of length L inches and cross sectional area A squarc
inches.

length.  Therefore, specific resistance = p =

#(0.08)2 x 8.5 x 106 _
ax 1760 x 36 06744

Specific resistance of copper =
microhms per inch cube.

Since the physical dimensions of the bronze wire are identical
to those of the copper wire, the values of L. and A in the above
formula are the same. Under these conditions the specific
resistance is directly proportional to the resistance per mile.

. Specific resistance of bronze 18.2
e Specific resistance of copper = 0.6744 ~ 8.5
18.2 x 0.6744

Specific resistance of bronze = - = 1.444

8.5

microhms per inch cube.

(). 10. Explain what is meant by the following terms:—
Moment of a magnet; Polarization of a cell; Retentivity;
Permeability ; Self-induction.

A. 10.
Moment of a magnet. The moment of a magnet is the
product of the pole strength and the distance between the poles.
““m *’ units, and the distance

Thus, if the pole strength is “m
between the poles is ““ 1’ cms. the magnetic moment “ M
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is given by :—M =m x I. The distance between the poles of
a bar magnet is usually slightly less than the length of the
magnet. L'he moment 1s a constant for a given magnet and is
used in calculations to indicate the twisting force or torquc
that would be exerted on the magnet if it were under the
influence of another magnetic field.

Polarization of a cell. When a current is drawn from a cell,
the molecules of the electrolyte are split up by the action of
the current. In a simple cell, for example, the dilute sulphuric
acid (H,50,) is split up into its component parts hydrogen (H,)
and sulphate ions (SO,). The hydrogen ions, which carry a
positive charge of electricity, are attracted towards the copper
plate and the negatively charged SO, ions travel to the znc.
The SO, ions combine with the zinc, but the hydrogen is
deposited on the copper. This deposition of hydrogen on the
positive plate is termed ‘‘ polarization ’’ and has a twofold
effect which weakens the current through the cell :

(a) The gas has a high resistance.

(b) An E.M.E. opposite to that of the cell is set up.

All modern primary cells contain devices for the elimination
of polarization.

Retentivity. Retentivity is the term used to indicate the
power of a body for retaining magnetism. Soft iron will
scarcely retain magnetism at all and is therefore said to have
a low retentivity whilst hard steel will retain magnetism almost
indefinitely and hence is said to have a high retentivity. The
retentivity of a magnet depends upon its shape, upon the
temperature, and also upon the mechanical circumstances in
which the magnet is placed.

Permeability. The permeability of a substance may be
defined as its conducting power for magnetic lines as compared
with air. If a magnetizing force (H) of, say, 5 lines per sq. cm.
is applied to a bar of iron and the resulting flux density (B) is
5000 lines per sq. cm., then the permeability of the iron is
B = H = 1000. The permeability of a particular material is
not constant, but varies with the magnetizing force and
temperature.

Self-induction. Any current carrying conductor has a
mugnetic field surrounding it, the strength of which depends
upon the value of the current. When the current varies, the
magnetic lines move inwards or outwards from the conductor
and may cut across other parts of the same conductor or circuit.
Whenever magnetic lines cut across a conductor, an E.M.I-.
is generated in such a direction as to oppose the change which
produces it. Thus, if the current in a coil increases, the
magnetic lines c¢xtend outw:uwds and cut across other parts of
the same coil and so induce an LE.M.I*. which tcnds to oppose
the growth of the current. This effect is known as ‘‘ self-
induction.”’

Q. 1. [fllustrate the principle of electrolysis by describing
in detail the action which takes place when a current of
electricity is passed through

(a) a solution of copper sulphate,

(b) water with a little sulphuric acid added.
Explain the meaning of the terms anode, cathode, ond
electrolyte.

A. 11. Definitions. A number of liquids are decomposed
when a current of electricity is passed through them. This
process is termed ‘‘ electrolysis,’”’ the liquid is called the

** electrolyte,”” and the containing vessel is called the '* volta-
»

meter.”’ The metal plate by which the current enters the liquid
is termed the ‘‘ anode '’ and that by which it leaves. is the
‘* cathode.”

(a) Electrolysis of copper sulphate. When a current is
passed through a solution of copper sulphate (CuSO,) the
molecules of the liquid are split up into two parts, copper (Cu)
and a sulphate ion (SO,). From the ionic theory these two
parts (or ions as they are called) have equal charges of positive
and negative electricity, respectively, which neutralized each
other before the molecules were split up. The copper ion is
attracted to the negative potential cathode and is deposited
there as a metallic film. The sulphion, being negatively
charged, is attracted to the anode where it is acted upon by
the water in the solution to form sulphuric acid and oxygen.
The chemical changes are thus expressed :—

CuSO, = Cu + SO,
SO, + H,O = H,80, + O


deta.il







The absence of a phantom telephone channel permits the
phantom/side capacity unbalance: being left at a higher figure
than is permissible for a multiple twin cable, with the result
that star quad trunk cables may be balanced simply by
systematic jointing in place of test selection. Further, the
absence of telephone phantom channels is compensated by the
increased number of pairs obtained in a cable of given diameter.
The termination of the cable, in turn, is simplificd due to the
absence of transformers, except, of course, where required for
by-product circuits.

Q. 4. Why are shunt-wound generators used for charging
secondary cells? Sketch the connexions of the electromagnetic
switch or circuit breaker which is provided in the charging
circuit, and explain how it operates. Iow iy the voltage of the
generator regulated? (30).

A. 4. In a series-wound generator, the current which flows
through the armature also flows through the field winding.
Thus, as the current increases, the terminal E.M.}F. also in-
creases according to an approximately linear law; with a
further increase in current, the terminal E.M.F. reaches a
maximum value when the field becomes saturated; an increase
of current beyond this point causes the terminal E.M.F. to
decrease due to the increasing ohmic drop in the machine.
This is shown in sketch (b), which shows the general form of
the external characteristics of series and shunt generators.
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If such a gencrator were to be used for charging secondary
cells, there would be o difficulty in running the machine up to
the voltage required. Further, the increase in the E.M.F. of
the cells during charge would reduce the terminal E.MUF. of
the generator down to the point where it would fail to excite.

With a shunt-wound generator, an increase in the current
reduces the terminal E.M.F. only slightly. Moreover, with
the machine on open circuit, the field winding can be regarded
as being in series with the armature ; the generator will there-
fore build up its own field and will give full voltage on no load.
When a shunt gencrator is used for charging sccondary cells,
the increase in the E.M.I. of the cells reduces the current
flowing, but this causes an increase in the terminal .MU
of the generator which counteracts, in some  degree, the
reduction in the curreni.

The connexions of the circuit breaker provided in the charg-
ing circuit are shown in sketch (a). The Dbreaker consists
essentially of a switch having a powecrful spring and retained
in the closed position by a catch which may be withdrawn by
the operation of either the *‘ overload '’ or ' reverse current '
coils.  The overload coil is set to operate at some current value
slightly in excess of the maximum charging rate for the cells,
whilst the polarized reverse current coil operates with a current
reversal such as would occur with any failure of the generator.
The overload coil protects the battery from an  excessive
current, and the reverse current coil prevents the battery from
discharging through the generator.

The voltage of the generator may be regulated by including
an adjustable resistance or rheostat in scries with the field
winding as shown in sketch (a). By this means, the current
flowing through the field winding—and hence the flux set up
across the armature—may he varied.

v

Q. 5. Sketch and describe the circuit arrangements of a
subscriber’s uniselector at an aulomatic exchange. Include in
vour sketch arrangements for guarding the switch during its
homing movement. (35).

A. 5. The circuit arrangements of a subscriber’s uniselector
at an automatic exchange having positive battery metering are
shown in the sketch. The circuit provides for guarding the
switch during its homing movement.
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When the subscriber removes the receiver, relay I. operates
and closes a circuit for the driving magnet through L2,
P-wiper, and L1. The driving magnet operates, so causing
the interrupter springs, dm, to break and disconnect the
driving magnet circuit. The armature is restored and this
movement steps the wipers on to the next bank contacts.
Relay K is extended through K1 and L1 to the P-wire of the
first outlet ; if this is engaged, earth will be connccted to the
P-wire. Relay K is therefore unable to operate, and the
driving magnet circuit is closed through the P-wiper to the
busy earth. The cycle of operations just described recurs, and
the wipers step to the next bank contacts.

The P-wiper is of the bridging type and bridges two adjacent
contacts when passing from one to the next. This is to prevent
a momentary disconnexion at the P-wiper when it is passing
from one busy outlet to another; otherwise, relay K, which is
short-circuited by the husy earths, might opecrate and switch
the linc through to a busy outlet.

When the wipers are stepped to the bank contacts of a free
outlet, the P-wire is found to be disconneccted ; relay K, pre-
viously short-circuited by the earth on each side, now operates
to the earth at L2. The driving magnet remains normal, as
the current flowing through it when in sertes with 1300 ohms
is much bhelow the operate value.” The negative and positive
wires are switched through at K2 and K3, disconnecting
relay L.; the P-wire of the seized outlet is earthed at K4, so
busying the outlet ; and the driving magnet is disconnected at
K1, since relay L. will shortly be released. Relay L is slow-
releasing and during the period of the release lag, the selector
seized connects earth to the P-wire to replace that at L2.
When relay L. releases, L1 prepares the homing circuit for the
uniselector on the termination of the call.

At a later stage, a positive battery is connected to the P-wre
when the called subscriber answers, and the increased current
flowing through the meter causes its operation; the positive
battery is removed after a period of about 350 mS, and the
meter remains operated from the current normally Aowing in
the circuit.

On the termination of the call, the calling subscriber replaces
the receiver and the guarding and holding earth on the P-wire
is removed, so releasing relay K; KI closes a circuit for the
driving magnet through the homing arc and wiper, and the
wipers are stepped round until the first bank contact—the home
position—is reached.

For an incoming call, it is necessary to disconncct relay I
from the line to prevent premature tripping of the ringing
current, as well as to clear the lines of bridged apparatus which
would interfere with speech. Accordingly, when the line is
seized by a final selector, relay K operates to the busy earth
connected to the P-wire at the final selector bank ; K2 and K3
disconnect relay I. and earth, and extend the lines to the home
bank contacts of the switch; as these contacts are left dis-
connected, no interference with the lines is caused by this. On
release of the line, the earth on the incoming P-wire is
removed, and relay K is released.



Q. 6. A resistance, a condenser, and a variable inductance
are connected in series across 200-volt alternating current
mains, the frequency being 50 cycles per second. The
maximum current which can be obtained by varying the induct-
ance is 314 milliamperes, and the pressure across the condenser,
which has negligible resistance, is then 250 wvolts. Calculate
the capacity of the condenser, and the values of the inductance
and the effective resistance in the circuit. (Take = = 3.14).
(35).

A. 6. The connexions of the resistance, condenser, and
adjustable inductance are shown in the sketch. Irom the vector

R C
I=3/14mA.
250

€~ = == 200V, SO~————~

diagram, it will be seen that the impedance, Z, is a4 minimum—
and, hence, the current flowing is a maximum—when the
inductive and capacitative reactances are equal in magnitude,
that is, when oL =1/wC. The maximum current is then
given by I = E/R, whence R = E/I. In the case quoted,
R = 200/0.314 = 637 ohms.

The p.d. across the condenser is given by [/w(l and this is
given as 250 volts. Hence,

I/oC = 250
mC = 1/250
C = I o I
’ 250 X @ 2 x 3.14 x 50 x 250
= .000004 farad
= 4 uF.
From the formula,
1
wL = TC
L - 1 1

w2C T (2 x 3.14 x 50)2 x .000004
= 2.5 henrys.

0. 7. What are the principal features of the *“ Record and
Demand *’ system of trunk working? Mention the operating
facilities which are provided in connexion with the trunk
position cord circuits. (35).

‘

A. 7. The principal features of the ‘* Record and Demand ”’
system of trunk working are:—

(i) A multiple of the record circuit answering equipment
over the suite of positions to give calling subscribers greater
access to trunk operators.

(i) A multiple of the outgoing trunk circuits over the suite
to give operators access to any outgoing trunk, as required.

(iii) Card index files on the positions to give operators
information as to routes, alternative routes, and rates for any
objective exchange.

(iv) Visual idle indicating lamps on each group of outgoing
trunks to indicate (a) the first free trunk in the group, and (b)
whether the group is temporarily subject to delay working.

(v) Chargeable time indicators to show, by an illuminated
display, the duration of the call.

(vi) Sleeve control cord circuits.

The operating facilities provided by the sleeve control cord
circuit are :—

(a) Speaking on either cord.

(b) Ringing on either cord.

(c) Dialling and keysending on either cord.

(d) Transfer of an incoming call to another position from

either cord.

(¢) Re-ringing on either cord.

(f) High impedance monitoring.

Q. 8. Give a short account of a theory regarding the
chemical reactions which occur in a secondary cell during a
cycle of charge and discharge. Show, by means of a sketch,
what would be the general shape of a curve representing the
variations in the wvoltage of a cell during a normal charging
period. Indicate on the sketch the point at which you would
expect the cell to commence *“ gassing ’' freely. (35).

A. 8. When the cell is charged, the active material of the
positive plates is lead peroxide, PbO,, and that of the negative
plates is metallic lead in a spongy state. When the cell dis-
charges, the sulphuric acid, H,SO,, is dissociated into H, and
SO, ions. The H, ions move through the electrolyte to the
positive plate and there reduce the peroxide to monoxide, PbO,
which then combines with the sulphuric acid to form lead
sulphate.  These chemical reactions may be written as
follows : —

PbO, + H, —» PbO + H,0
PbO + H,SO, — PbSO, + H,O

or, combining the two processes, the action at the positive plate
during discharge is—

PbO, + H, + H,SO, —» PbSO,  + 2H,0

This action is purely chemical, as distinguished from elcctro-
chemical, and, therefore, has no effect upon the IL.M.[F. of the
cell.

At the negative plate, the SO, ions combini with the lead
to form lead sulphate or, symbolically—

Pb + SO, —» PbSO,

The lead sulphate formed is not the ordinary lead sulphate,
which is insoluble, but is probably a more complex compound.

When the cell is being re-charged, the H, ions move to the
negative plate and the SO, ions to the positive. The chemical
reactions which occur are then the reverse of those given ahove
and may be written—

PbSO, + H, — Pb + H,SO,
at the negative plate, and
PbSO, + SO, + 2H,0 — PbO, + 2H,SO,

at the positive plate.

As the cell approaches full charge, the amount of lead
sulphate present on the plates is insufficient to combine with
all the ions reaching the plates. As a result, hydrogen gas is
liberated at the positive plate, whilst oxygen is given off at the
negative plate from the combination of the SO, ions with
water, H,0, to give O and H,SO,. This condition is termed
‘‘ gassing >’ and indicates that the cell is practically fully
charged.

The general shape of the curve representing the variations
in the voltage of a cell during a normal charging period is
indicated in the sketch. The voltage of the cell rises rapidly

301
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to about 2.0 volts during the first hour of the charge, and then
remains steady for some hours. As the cell approaches the
fully-charged condition, the voltage again rises and about the
point marked ‘“ A *’ in the sketch, gassing commences.

(To be continued.)

Printed and Published by'Birch & WHITTINGTON, 10, Station Road, Epsoni, Surrey.




	txztt1	“4^?^


