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Time Allowed: One hour
Attempt as many questions as you can.
Wkite your answers on this question paper.
Marks allocated for each question are shown in brackets on the right.
You may use any calculator.
Allow about 10 minutes for section A.

Thegravitational field strength on the earth is 9.8 N/kg
Section A: Multiple Choice
Circlethe correct answer to each question. Thereisonly one correct answer.

1. Two trucks tow a third one by means of inextensibjges and a pulley attached to them
(fig. 1). The accelerations of the two trucks ar@anda,. What is the acceleration of the
third truck that is being towed?
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A. (aat+a) B. @-a) C. @tay) D. (a1-a2)
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2. A piece of ice floats in a glass filled with wat@&he ice contains a small stone, so that

4.

when the ice has all melted, the stone sinks tddt®m of the glass. What will happen
to the level of the water in the glass, firstiytlas ice melts, and secondly as the stone is
released from the ice and sinks to the bottom?

The water in the glass will

A. remain the sameB. rise and fall C. fall then remain D. remain the same
then rise the same then fall

A stone, thrown vertically into the air from groule¥el, returns to the ground in 4
seconds due to the constant gravitational foraa@ecipon it (ignore air resistance). If the
stone is thrown up at twice the initial speed,tthe taken to return to the ground will
now be

A. 6s B. 8s C. 12s D. 16s

A 20 Q resistor is connected to an AC power supply wittolkéage output that varies
from 4V to -2V at equal time intervals as showrtlen graph below. What is the
average heating power dissipated in the resistor?
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A. 0.2W B. 0.5W C. 0.8W D. 1.0W



6.
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fig. 3

A 10 V battery, with negligible internal resistanteconnected to two resistors of
resistance 25@ and 402 and to the component Z as shown. Z is a devicelwimas
the property of maintaining a potential differemméé V across the 40Q resistor.
The current through Z is

A. 2.9 mA B. 7.5 mA C. 125 mA D. 15.4 mA

A small massM, is given an initial velocityp, and it slides from A to B via two possible
paths; either down the shallow dip X or over thenpuy, both of which are the same
shape but inverted. Friction is to be ignored. glevhich path does the mass take the
shortest time to slide from A to B?
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A. Via X B. ViaY C. Youcannotsay D. Same ¢itaken



7. A thin rectangular block of glass, of thicknésbas a beam of light passing through it
along a normal to a face, as shown in fig. 5. Tgia lave travels at a slower speed in
glass than in air. The ratio of the extra numbewaves introduced within the length
when the glass is in place, to the number of wawittsn the same lengthin air, is given

by
A = wavelength in air

speedf light in air

Therefractiveindex, n = ——
speedof lightin glass

A. (n-1) B. _1 C. n D. (n-1)
(n+1) (n+1) n

8. A narrow beam of light is incident normally upotthan slit, and the light that passes
through is spread out by diffraction. The thin ®ithen immersed in a container of
water. The beam of light is shone through the waitekis again at normal incidence to
the slit. The spread of the diffracted beam oftlighwater will be

beam |
AN
———diffracted beam
slit—"]
| ——container fig. 6
A. The same as in B. Diffraction will C. Less spread outD. More spread out
air not occur in water than in air than in air



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 theteys
gradually losing energy over many cycles.
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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.

[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.

[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.

[1]




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

[2]

e) The period of oscillation does not depend uporathelitude of the oscillation, being the
same for both large and small amplitudes. The pesfmscillation 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?

[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?

[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 Silveisame everywhere over the Sun's
surface. If the Earth orbits at a distance of 11®% m from the Sun, calculate the total
energy radiated away by the Sun each second. fitmaseful to know that the surface area
of a sphere idxrr?).

[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 bethgteal away each second.

[1]

c) If the mass of the Sun is 2xfkg, what is the percentage of the Sun's masssthast
by radiation each year?

[2]

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

[2]
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Question 11.

The transformer, shown in fig. 9, outputs powetHs 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?

[2]

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

[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.

[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.

[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 thyper 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 fMm
density of copper = 8960 ki/m

[2]

(ii) Calculate the final temperature of the cabkel0.4s, if its initial temperature is
60°C.

[2]
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Question 12.

A single uniform underground cable linking A to B) km long, has a fault in it at distangé&m
from end A. This is caused by a break in the ingaat 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 measurnghd iespect to the ground, which is taken to be
ato V.

v

A <—d—>x < 50d B

Ik

In order to locate the fault, the following proceelis used. A potential difference of 200V is

applied to end A of the cable. End B is insulatednfthe ground, and it is measured to be at a
potential of 40V.

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

[2]

b) What is
0] the potential difference between A and X?

[1]

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

[1]

10



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?
[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?

[2]

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

[1]

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

0] Explain why this is true

[2]

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

[1]
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