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SOLUTIONS

Section A: Multiple Choice
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Section B: Written Answer

Question 9.
A massM is attached to the end of a horizontal spring. Miass is pulled to the right, 8 cm from

its rest position. It is then released so thaintlass oscillates to the left and right, with thetays
gradually losing energy over many cycles.

8cir 8cir

fig. 7

a) State the energy changes that take place overamplete cycle as the mass moves to
the left and then back to the right.

Elastic pe - ke - elastic pe - ke — elastic pe

for correct energy changes v

for 1 cycle of changes only — no more and ns les v [2]

b) The energy stored in a stretched spring is propaatito the square of the extension of
the spring. If after some time, the amplitude & dscillation is reduced to 1 cm, what
fraction of the initial energy has been lost? Slyour working.

Amplitude reduces from 8 cmto 1 cm

Energy reduces from 64 to 1 unit v

So 1/64 left or 63/64 lost v for either answer [2]

c) We will need to use a concept that you have meddioactivity. State what is meant by
the half-life of a radioactive substance.

The time taken for half of the (radioactive) nuclei(allow material) to decay v

[1]




d)

Now we shall apply this concept to the loss of ggdrom the oscillating system. The
amplitude decays away in the same manner as rai@aecay (exponentially). How
many half-lives have passed for the amplitude doice to 1 cm?

8cm » 4cm —» 2cm - 1cm v
3 half-lives v [2]

e) The period of oscillation does not depend uporathelitude of the oscillation, being the
same for both large and small amplitudes. The desfamscillation is 0.5 seconds. The
half-life for the amplitude loss is 5 seconds. Hmany oscillations have occurred by the
time the amplitude has dropped down to 1cm?

10 oscillations per half-life v
30 oscillations in 3 half lives v allow ecf [2]
f) The energy is also dissipated away exponentiallly time. Using your answer to part (b)

for the energy lost, how many energy loss halfdihave passed when the amplitude has
reduced to 1 cm?

64 -~ 32 . 16 - 8 5 4 5,2 5,1 VvV No ecf allowed

6 half-lives v

[2]
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Question 10.

a) Atthe earth’s surface, the radiant power receivenh the Sun normally is 1.3 x 1ov

per square metre. The power radiated by the Silieisame everywhere over the Sun's
surface. If the Earth orbits at a distance of 1% m from the Sun, calculate the total
energy radiated away by the Sun each second. fitmmaseful to know that the surface area
of a sphere idzr?).

Total power =1.3x 18x area W v

=13x18 x4 xzxr> W

=3.7x16°W = 4x16°wW Vv [2]

b) Although you may not have studied it yet, Einsi@ioduced a famous equation relating
mass and energy which we shall Use, mc?, whereE is energy in joulesnis mass in kgg

is the velocity of light in a vacuune € 3x1G m/s). Using your answer to part (a), calculate
the mass loss of the Sun due to the energy bethagteal away each second.

3.7x13% + 9x103°% = 4.1 x 18 kg (/s)

=4x 10 kqg (/s) v allow e.c.f.

= 4 million tonnes /s [1]
c) If the mass of the Sun is 2xPkg, what is the percentage of the Sun's masssthest
by radiation each year?

4 x 10 x 365 x 24 x 3600 x 100% allow e.c.f.
2 x 10°

v’ for 365 x 24 x 3600 seconds in a year

=6.3x10%% v

[2]

d) Assuming that this rate remains constant, whdtegpercentage loss of mass of the sun
since it was formed, five thousand million yearsag

6 x10%2% x5x10 v allow e.c.f.

=0.03% v

[2]
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Question 11.

The transformer, shown in fig. 9, outputs powet s V, along a copper cable 50 m in length, to
an electrical machine. The total resistance ottpper conductor (100 m there and back) is
0.0493Q at an operating temperature of60The machine takes a current of 200 A.

Electrical
415V Machine

«—— 50m —» fig. 7

a) What is the total power that the transformer igoéyipg to the machine and cable?

Power =V x | v
=415 x 200
= 83,000 W v [2]

b) What is (i) the power loss in the cable, and (iatvpercentage is this of the total power

supplied?
Power in cable = R v
= 20C x 0.0493
= 1972W = 1.9kW v
Percentageis __ 1.9 x100% = 2.3 x 10 % v
83,000

[3]

c) Often the conductor size is chosen not on the lodidise steady current required, but on
the short circuit current that might occur. If iaraviring, a short circuit occurred at the
machine end of the cable, a current of 6000 A cbeléxpected. Explain why this
current is significantly less than that calculaften the 415 V supply and the 0.0493
resistance of the cable.

The secondary of the transformer also has some retince v
Resistance at the short circuit connection v
Do not accept cable heats up [2]




d) If the circuit breaker produces a delay of 0.4 fofeeit breaks the circuit, calculate the
heat energy generated in this short time intesdume that the resistance of the wire
does not change significantly as it heats up.

Energy converted = VIt v
= 415 x 6000 x 0.4
= 996 kJ v

[2]

e) The heat energy required to raise the temperafurlegoof copper by °C is called the
specific heat capacity of copper. It has the vaug85 J ki °C™. We can use a simple
formula,

heat energy supplied = masspecific heat capacitytemperature rise

in order to determine the temperature rise of thper cable, assuming no heat loss to
the surroundings.
Calculate
(i) The mass of copper in the 100 m of cable, givehitha
cross sectional area = 50 fim
density of copper = 8960 ki/m
mass = density x volume v accept if used correctly numerically

= 8960 x 100 x 50 x 1®

= 44.8 kg v [2]

(ii) Calculate the final temperature of the calftera0.4s, if its initial temperature is
60°C.

996,000 = 44.8 x 385 x temperature rise v/ allow e.c.f.

Hence temperature rise = 58

And so final temperature = 118°C v

Mark acceptable just for the correct tempemtise [2]
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Question 12.

A single uniform underground cable linking A to ) km long, has a fault in it at distarnd&m
from end A. This is caused by a break in the ingdaat X so that there is a flow of current
through a fixed resistané¢einto the ground. The ground can be taken to beralew resistance
conductor. Potential differences are all measurngld igspect to the ground, which is taken to be
ato V.

v

<—d—>x < 50d

Ik

In order to locate the fault, the following proceelis used. A potential difference of 200 V is
applied to end A of the cable. End B is insulatednf the ground, and it is measured to be at a
potential of 40 V.

a) What is the potential at X? Explain your reasoning.

40V v
B is at the same potential as X becauwseurrent flows along BX v
[2]
b) What is

0] the potential difference between A and X?

200-40=160V v

[1]

(i) the potential gradient along the cable from A t@.X. the
volts/km)?

(200 —40)_=_ 160 v allow reciprocal
d d

[1]




c) The potential applied to end A is now removed and lsulated from the ground
instead. The potential at end B is raised to 30atWhich point the potential at A is
measured to be 40 V.

0] What is the potential at X now?
40 V [1]

(i) Having measured 40 V at end B initially, why ishat 40 V has also
been required at end A for the second measurement?

So that X is at the same potential v

and then the same current flows into the ground though R v

(and the same currents will therefore flow aléngand BX - see part (e¥() [2]

d) What is the potential gradient along the cable f®io X?

(300—-40)_ = 260 v

(50 —d) (50 —d)
[1]

e) The potential gradient from A to X is equal to fieential gradient from B to X.

0] Explain why this is true

Because the same currents flowed along AX and BX v
Sol = Vax_= Vex 4
Rax Rex
and R is proportional to length ) [2]

(i) From the two potential gradients that you obtaieadier, deduce

the value of.
160 = 260 260d = 50 x 160 — 160
d (50 )
Hence d =19 km v

[1]
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