Thermal Physics A-Level Questions (1980-1984)


1980
[#27]

1. Energy is conducted along a well-lagged metal bar of uniform cross-sectional area A at a steady rate Q. The temperature difference between two points a distance d apart on the axis of the bar is proportional to

A.  QdA

B.  QdA-1

C.  Qd-1A

D.  Qd-1A-1

E.  Q-1d-1A-1
[#28]

2. A composite rod of uniform cross-section has a copper an aluminum sections of the same length in good thermal contact. The ends of the rod, which is well lagged, are maintained at 100 oC and at 0 oC as shown in the diagram (Fig. 9). The thermal conductivity of copper is twice that of aluminum.


[image: image1.png]copper’

100°c





Which one of the following  graphs represents the variation of temperature t with distance x along the rod in the steady state?
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[#29]

3. The temperature of a hot liquid in a container of negligible thermal capacity falls at a rate of 2 oC per minute just before it begins to solidify. The temperature then remains steady for 20 min by which time the liquid has all solidified.

The quantity 
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 is equal to 

A.  1/40 K-1

B.  1/10 K-1

C.  1 K-1

D.  10 K-1

E.  40 K-1
[#31]

4. The internal energy of a fixed mass of an ideal gas is a function

A.
of its pressure but not of its volume or of its temperature.

B.
of its pressure and of its temperature but not of its volume.

C.
of its volume but not of its pressure or of its temperature.

D.
of its volume and of its temperature but not of its pressure.

E.
of its temperature but not of its pressure or of its volume.

[#32]

5. One mole of an ideal gas undergoes an isothermal change at a temperature T so that its volume V is doubled. With R as the molar gas constant, the work done by the gas during this change is

A.  RTV

B.  RT lnV

C.  2RT


D.  RT ln2

E. RT ln(2V)

[#35]

5.a
Neglecting surface tension effects and taking the specific latent heat of vaporization of water as l and its density as ρ, the heat energy required to evaporate a spherical drop of water so that its radius changes from r to (r - δr) is 

A.
4/3 π r2 ρ l δr


B.
4 π r2 ρ l δr


C.
4/3 π (δr)3 ρ l
D.
4/3 π (δr)2 ρ l


E.
8 π r ρ l δr

1981
[#25]

6. Householders are being urged to reduce heat loss from roofs by laying a matting of fiberglass, which consists of a very large number of intertwined fine glass fibers, on the floor of the roof space. The principal reason why fiberglass is effective as a heat insulator is that

A.
the glass fibre will not absorb much heat and this low thermal capacity results in good insulation.

B.
the thermal conductivity of glass is very low and therefore little heat is transmitted.

C.
the fibreglass prevents the faster-moving air molecules escaping into the roof from the room below.

D.
glass fibres are good reflectors of thermal radiation and so the heat loss is greatly reduced.

E.
the fibreglass reduces air movement within the fibre glass matting and stationary air is a very good insulator.

[#26]

7. A steam turbine cycle is shown diagrammatically below (Fig. 7)
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Heat only enters and leaves through the boiler and condenser. When the system is running steadily, heat Q1 is absorbed in the boiler in the same time that heat Q2 is rejected in the condenser. The fraction of heat converted into work is

A.
(Q1 - Q2)/Q1

B.
(Q2 - Q1)/Q1

C.
(Q1 - Q2)/Q2

D.
(Q1 - Q2)/(Q1 + Q2)

E.
Q2/Q1
[#27]

8. When using a simple constant flow calorimeter, the result calculated from one set of readings might be better than the result after subtracting two sets to eliminate heat loss. This is because

A.
the increased effect of random errors when subtracting might outweigh the elimination of the systematic heat loss error.

B.
the mercury thermometers used in a simple apparatus have a scale which differs form the ideal gas scale.

C.
the rate of flow might be different in the two experiments.

D.
the systematic error of heat loss doubles as the experiment is repeated.

E.
the power supplied might not be the same in the two experiments.

[#28]

9. In the diagram below (Fig. 8), the volume of flask X is twice that of flask Y. The system is filled with an ideal gas and a steady state is established with the flasks held at 200 K and 400 K respectively.
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If the mass of gas in X is m, the mass of gas in Y is

A.  m/8


B.  m/6


C.  m/4


D.  m/2


E.  m
[#29]

10. Measurements of the radiation from an astronomical source showed a decrease in the wavelength at which the greatest energy was being received. This could mean that the source had

A.
increased in temperature.

B.
decreased in temperature.

C.
expanded but maintained a  constant temperature.

D.
contracted but maintained a constant temperature.

E.
moved farther away.

[#30]

11. One mole of an ideal gas is heated at constant pressure p. Given that this results in an increase of volume ΔV accompanied by an increase of temperature ΔT, the amount of heat supplied was

A.
pΔV

B.
CV,mΔT

C.
CV,mΔT +  pΔV

D.
CP,mΔT -  pΔV

E.
 pΔV/V

[#31]

12. The first law of thermodynamics can be stated in the form 


ΔU = ΔQ + ΔW,

where


ΔU is the increase in the internal energy of the system, ΔQ is the heat supplied to the system and ΔW is the external work done on the system.

Which of ΔU, ΔQ and ΔW are necessarily zero for an ideal gas which undergoes an adiabatic change?

A.  only ΔU

B.  only ΔQ

C.  only ΔW

D.  none of ΔU, ΔQ and ΔW

E.  all of ΔU, ΔQ and ΔW

[#32]

13. Which of the following is essential if the equation pVm = RT is to be obeyed well by a real gas?

A.
Changes should be adiabatic.

B.
Changes should be isothermal.

C.
Temperatures should not exceed 273.16 K.

D.
Volumes should be small.

E.
Pressures should be small.

[#38]

14. The root-mean-square speed of the molecules of an ideal gas in a sealed container is v. The gas is heated until  the pressure in the container is trebled. Assuming that the volume of the container remains unchanged, the value of the r.m.s. speed is now

A.  9 v


B.  3  v


C.  3 v


D.  v


E.  v/9


1982
[#26]

15. Which one of the following graphs best illustrates the relationship between the product (pressure x volume) for an ideal gas and the  thermodynamic temperature?
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[#27]

16. The heat capacities of some solids at temperatures close to 0 K are given by an equation of the form C = aT3, where T is the temperature and a is a constant characteristic of the solid. If heat is supplied to such a solid at a steady rate, which one of the following graphs best represents the variation of its temperature T with time t?
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[#28]

17. When a monatomic ideal gas undergoes an isothermal change,

A.
the number of degrees of freedom of the molecules change.

B.
the temperature changes.

C.
there is no change in internal energy.

D.
there is no exchange of heat with the surroundings.

E.
no external work is done.

18. A sample of an ideal gas gives the isotherms shown below (Fig. 9), where T1 = 273.15 K, the ice-point, and T2 is the boiling point of water at standard pressure.
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The magnitude of the thermodynamic temperature T3 in kelvin is 

A.
273.15 
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[#30]

19. In a constant flow determination of the specific heat capacity of a liquid, it is important  to allow for any heat losses. This can be done by repeating the experiment using the same

A.
temperatures, heat input and flow rate.

B.
temperatures but different heat input and flow rate.

C.
flow rate but different temperatures and heat input.

D.
heat input but different temperatures and flow rate.

E.
temperatures and flow rate but different heat input.

[#31]

20. An ideal gas in a cylinder is subjected to an adiabatic compression followed by an isothermal compression. This is represented on Fig. 10 below, where T is temperature and S is a quantity called entropy.
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It can be deduced that

A.
temperature decreases in the isothermal compression.

B.
entropy decreases in the isothermal compression.

C.
entropy increases in the isothermal compression.

D.
temperature decreases in the adiabatic compression.

E.
entropy increases in the adiabatic compression.

[#32]

21. The distribution of the heat energy radiated by the human body, shown in Fig. 11 is very similar to that of a black body at the same temperature.
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Which one of the following is the most likely value for x?

A.  9 nm

B.  90 nm

C.  9000 nm

D.  90 mm

E.  9000 mm

[#33]

22. A copper bar is perfectly insulated along part l of its total length L, as shown in Fig. 12. End X is maintained at temperature T1 and end Y is maintained at temperature T2 (T1 > T2).
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Which one of the following sketches shows the steady-state variation of temperature T with distance x measured along the bar?
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[#25]

23. Thermometers M1 and M2 are placed inside an evacuated enclosure X with walls maintained at temperature T. The thermometers are identical except that the bulb of M1 is blackened. If T1 and T2 are the temperatures indicated by M1 and M2 respectively after thermal equilibrium has been established,

A.
T1 > T2 > T

B.
T1 > T > T2 

C.
T1 = T2 = T

D.
T1 = T > T2
E.
T1 > T2 = T

[#26]

24. An ideal gas exerts a pressure of 60 Pa when its temperature is 400 K and the number of molecules present in unit volume is N. Another sample of the same gas exerts a pressure of 30 Pa when its temperature is 300 K. How many molecules are present in unit volume of this sample?

A.  4N/3

B. 3N/3


C.  3N/4

D.  2N/3

E.  N/2

[#27]

25. In the continuous flow method for determining the specific heat capacity of a liquid, the experiment is usually repeated in order to correct for heat losses. Which one of the following should be kept the same in the two experiments?

A.
the power dissipated by the heating coil

B.
the pressure ‘head’ causing the liquid flow

C.
the time for which the liquid flows

D.
the mass of liquid collected

E.
the inlet and outlet temperature

[#28]

26. What are the base SI units of specific heat capacity?

A.  m s-2 K-1

B.  m s-1 K-1

C.  m2 s-2 K-1

D.  m2 s-1 K-1

E.  kg-1 m2 K-1
[#29]

27. A fixed mass of gas undergoes changes of pressure and volume as shown in Fig . 9.
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When the gas is taken from state P to state R by the changes PQ  and QR, 8 J of heat are absorbed by it and 3 J of work are done by it. When the same resultant change is achieved by stages PS and SR, 1 J of work is done by the gas. In this case,

A.
4 J of heat are rejected.

B.
6 J of heat are absorbed.

C.
8 J of heat are absorbed.

D.
10 J of heat are absorbed.

E.
12 J of heat are rejected.

[#30]

28. Two bars of equal length and the same cross-sectional area but of different thermal conductivities, k1 and k2, are joined end to end as shown in Figure 10. One end of the composite bar is maintained at temperature Th whereas the opposite end is held at Tc.
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If there are no heat losses from the sides of the bars, the temperature Tj of the junction when steady conditions are attained is given by

A.
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C.
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D.
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[#31]

29. Radiation form a black body at thermodynamic temperature T1 is measured by a small detector at distance d1 from it. When the temperature is increased to T2 and the distance to d2, the power received by the detector is unchanged. What is the ratio d2/d1?
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D. 
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[#32]

30. The specific heat capacity of water is approximately 4 x 103 J K-1 kg-1 and the specific latent heats of fusion of ice and of vaporization of water are approximately 3 x 105 J kg-1 and 2 x 106 J kg-1 respectively. A constant power supply is used to melt 1 kg of ice, to heat the water produced, and finally to turn all the water to steam. Which one of the following graphs shows how the temperature T varies with time t for this sequence?
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[#39, 1983]

30.a
Fig. 12 below shows the distribution p(E) of kinetic energies E among the constituent molecules of a gas at a uniform temperature.
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Which one of the following statements is correct?

A
Provided that the temperature does not change, the kinetic energy of each molecule is fixed.

B
The commonest value of kinetic energy is also the greatest kinetic energy of any of the molecules.

C
The total kinetic energy of the molecules is independent of the temperature of the gas.

D
Emax increases when the temperature rises.

E
Emax is the binding energy of the molecules.

1984
[#26]

31. The values of PV, the product of pressure and volume, used in the determination of thermodynamic temperature with a gas thermometer are those in which actual measurements have been extrapolated to zero pressure. This procedure is followed because

A.
measurements of P and V are more accurate at low pressure.

B.
extrapolating helps to eliminate errors made in measuring P and V.

C.
it was found that temperatures so defined agreed with the established centigrade temperature scale.

D.
it is impossible to make measurements at 0 K.

E.
at near zero pressure all gases behave ideally.

[#27]

32. The behavior of many real gases deviates from PVm = RT but can be represented quite closely over certain ranges of temperature and pressure by an equation of the form
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in which the values a and b are characteristic of the particular gas.

What are the units of a and b?




a



b
A.
Pa m-6 mol2

m3 mol-1
B.
Pa m6 mol-2

m-3 mol

C.
Pa m-6 mol2

m-3
mol-1
D.
Pa m6 mol-2

m3 mol-1
E.
none because they are dimensionless constants.

[#28]

33. A capillary tube closed at one end contains a column of dry air which is trapped by a thread of mercury (see Fig. 8).
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Which one of the following diagrams shows the variation of the length l of  the air column with the angle θo of the tube to the vertical?
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[#29]

34. One mole of an ideal gas is heated at constant pressure p. Given that this results in an increase of volume ΔV accompanied by an increase of temperature ΔT, the amount of heat supplied was

A.
pΔV

B.
CV,mΔT

C.
CV,mΔT +  pΔV

D.
CP,mΔT -  pΔV

E.
 pΔV/V

[#30]

35. A fixed mass of gas undergoes the cycle of changes represented by PQRSP as shown in Fig. 9 below. In some of the changes, work is done on the gas and, in others, work is done by the gas.
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In which pair of the changes is work done on the gas?

A.  PQ and RS
B.  PQ and QR
C.  QR and RS
D.  QR and SP
E.  RS and SP

[#31]

36. A fixed mass of gas in a thermally insulated container is compressed. After compression, the temperature of the gas will have

A.
fallen, since more molecules bombard the container and so they must be moving slower.

B.
fallen, since the molecules collide more frequently with one another and so their average speed is lower.

C.
remained constant if the compression is very slow.

D.
risen, since doing work on the gas increases the kinetic energy of the molecules.

E.
risen, since there are more intermolecular collisions and so more heat is produced by them.

[#32]

37. Fig. 10 below shows a thin resistance wire MN which is attached to large copper supports and which is heated by an electric current flowing in the direction shown.
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Assuming that heat loss occurs predominantly through the ends of the wire, which one of the following graphs best represents the variation of the steady state temperature θ along the wire MN as a function of the distance x measured from M?
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[#38, 1984]

38. The temperature of 1 kg of hydrogen gas is the same as that of 1 kg of helium gas if

A
the gases have the same internal energy.

B
the gases radiate energy at the same rate.

C
the gas molecules have the same root mean square speed.

D
the gas molecules have the same mean translational kinetic energy.

E
the gas molecules occupy equal volumes.
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