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Section B

Answer all questions in this section.

Figure 1 shows a satellite with three solar panels folded in close to the satellite’s axis
for the journey into space in the hold of a cargo space craft.

Figure 1 Figure 2

solar panel

1

Just before it is released into space, the satellite is spun to rotate at 5.2 rad s . Once

released, the solar panels are extended as shown in Figure 2.

moment of inertia of the satellite about its axis with panels folded = 110 kg m’
moment of inertia of the satellite about its axis with panels extended = 230 kg m’

. II| State the law of conservation of angular momentum.
[1 mark]
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. [ 2] The total mass of the satellite is 390 kg and the solar panels each have a mass of
16 kg.

State what is meant by moment of inertia and explain why extending the solar panels

changes the moment of inertia of the satellite by a large factor. 2
1:= mi [3 marks]

‘Mowell o intio is the sum oF eversy mr? for each pout
Mmt’\zwwdﬁafw&mr\/
*Come f HR h‘h(uﬁ'imﬁmmto&ww\/

. Calculate the angular momentum of the satellite when it is rotating at 5.2 rad s~! with
the solar panels folded. State an appropriate unit for your answer. f,—_w\v)
( [2 marks]
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. E Calculate the angular speed of the satellite after the solar panels have been fully

extended.
(,_) = ? [__ - iw [2 marks]

angular speed = 2 . a'q rads™
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angular momentum = 6.72 unit bﬁm"nd‘.:‘
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Figure 3 shows an experiment to determine the moment of inertia of a bicycle wheel.
One end of a length of strong thread is attached to the tyre. The thread is wrapped
around the wheel and a 0.200 kg mass is attached to the free end. The wheel is held
so that the mass is at a height of 1.50 m above the floor. The wheel is released and
the time taken for the mass to reach the floor is measured.

Figure 3

0.200 kg
mass

1.50m

A

. |I| State the energy transfers that take place from the moment the wheel is released until

the mass hits the floor.
[2 marks]
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[0]2].[2] Calculations based on the measurements made show that at the instant the mass hits
the floor: |
7KE= TN'L
o the speed of the massis 2.22m s ! 3
e the wheel is rotating at 6.73 rad s T — RKE Iw
¢ the wheel has turned through an angle of 4.55 rad from the point of release.
“ W=
A separate experiment shows that a constant frictional torque of 7.50 x 10> N m acts
on the wheel when it is rotating.

By considering the energy changes in the system, show that the moment of inertia of
the wheel about its axis is approximately 0.1 kg m’.

AKE +ORKE + W < ek dows.
ckc_a;{i'\/l chqC N (renr :ém}aa
pMia(W‘j‘O m/ CM‘) W/
m@,ﬁk 1w 4 T*+THB == T W
" (0200:8.81x1.50)- (05x020x2.22") (R50u10 Intae55) - 0.107kym
0.5 x £.73% v :Qlkgmq'

) When the mass hits the floor the thread is released from the wheel.

[3 marks]

Calculate the angle turned through by the wheel before it comes to rest after the
thread is released.

F-_ MO\ Lr\w- [2 marks]

Ve 2_,.2
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wmass
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W/p M:\Mt ﬂ‘eﬁtﬂ\ ( angle = 323 \/ rad
A\

_ —67 _
Alternative = sty =305+

0.107

N
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0]3] A single-cylinder air motor running on compressed air has the theoretical indicator
diagram shown in Figure 4.
Figure 4

— _—  —— o~

pressure

B C >\<
|
|
b

volume

e From B to C the high-pressure air pushes a piston down a cylinder, doing
work.

o At C, a valve cuts off the supply of air and the air in the motor expands
adiabatically to D, pushing the piston further down the cylinder.

e At D an exhaust valve opens and from D to E to A the air is exhausted to the
surrounding atmosphere as the piston moves up the cylinder.

o At A the exhaust valve closes and the inlet valve opens connecting the cylinder
to the supply of compressed air.

. IIl Use the first law of thermodynamics to explain why the temperature falls during the
adiabatic change between C and D.

DU = Q =W ook dome
anl'fzm\ \34& By oyl
entrg) W‘

W= =AU S.on,MthmiSJiALah'cY/

[3 marks]
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. |Z| In practice the cut-off point C can be altered without changing points A, B and E.
Figure 5 shows the theoretical indicator diagram of the motor when the air is admitted
for the complete stroke, so that the inlet valve opens at A and closes at X. The
exhaust valve opens at X and closes at A.

Figure 5

—
—>

ci\\,'lt
pressure /|\

> it |

volume

Compare Figures 4 and 5 and discuss the effect this change has on the operation of
the motor, assuming that it continues to run at about the same speed and with air at

the same pressure.
You should include in your answer how the change affects:

¢ the rate of consumption of air
¢ the output torque and power
¢ the overall efficiency.

Rofe of Conswge{’—im of Air

[6 marks]
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Figure 6 shows the actual indicator diagram for the air motor.

Figure 6
7.0

pressure/10° Pa

0.0 . ' .
0.0 1.0 2.0
volume/10—4 m3

. E The motor was running at 20 cycles per second when the indicator diagram was
recorded.

Determine the indicated power of the motor.

itk o, shoen oy avei o st digpao o/ 1750

- 77 lorag Mcow\ﬂ\/
'272253675T/ \/

. 67\53‘x 205-‘ = I%@w I%SO N

E . IZl Explain why the indicated power for the air motor is different from the output power.
[1 mark]

_Fiction s i the s, and belivean
j&o}(gdwcw\?&i&n,uo\ 5 is nat accoudlad
Eri/\‘dumlimfetlfandf S

power =
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A company claims to be able to provide a combined heat and power plant for a market
garden that requires both electrical power and space heating for greenhouses. The
engine-driven generator will operate between temperatures of 1450 K and 310 K.

. |I| Show that the maximum theoretical efficiency of any heat engine operating between
temperatures of 1450 K and 310 K is about 80%.

Max. theordtiel efficincy = f«.{:l

T, = tempodlure o source.
’l::tempe.aﬁu'e&su\k

g0 -310 ¥ 16Q _
W0 = 1450 T O7q

[1 mark]
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. @ The company makes the following two claims about the performance of the plant:

= Claim 1 When consuming biogas of calorific value 55.5 MJ m ° at the rate of
5.00x10°m’s !, the electrical power output will be 210 kW.

= Claim 2 At the same time the engine will provide heating for greenhouses at
the rate of at least 55.0 kW.

Discuss the extent to which the company’s claims are justified.

Cla'm Il
2 55 .5 M2 x 5000 wis’ = 0.278MTws
= 0.278M3s" = 978%kRW

[5 marks]

. T2 =0.7€ = 76% /
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END OF QUESTIONS
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