PHYS1231 end of year test 2004

The following equations may be used without proof.
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Question 1(16 marks)

)

Vi)

In one sentence, give a formal definition of temperature.
Define heat capacity. If your definition is an equation, define the terms in it.
Define specific heat(specific heat capacity). If your definition is an equation, define the terms in it.

A car has a fuel tank made of aluminium. A motorist completely fills this tank at 20 °C, at which

temperature the tank has a volume of 34 litres. He then leaves the car at the service station, parked in th
sun. The car is painted black and, during the day, the temperature of the tank and the fuel in it rises to 4
(you may assume that the temperature is uniform). Calculate the amount of fuel that you would expect to

overflow from the tank. Thinear coefficient of expansion for aluminiumdsy| = 2.3 x 10 °C-1. The
volumetric coefficient of expansion for the fuelfg,e = 1.40 163 °CL.

Pneumatic or air suspension has some advantages (and some [m]
disadvantages) in comparison with springs. In this question we consideg
an idealised version of air suspension. A volumge¥/air at atmospheric

pressure R and temperatureglis sealed in a piston of area A that slides
without leaks or friction in a cylinder. The air may be considered as an A

ideal gas with molar mass 0.029 kg.kmolThe piston is then loaded ' t
ho

with a mass m, that includes the mass of the piston. The system i$
allowed to reach mechanical and thermal equilibriunpat T

Showing your working, derive an expression f@r the equilibrium
height of the piston in the cylinder as shown in the sketch in terms of the
parameters given above and the gas constant.

For the suspension system in part (v), the stiffness (ie the ratio of force to
displacement, just like the spring constant of a spring) depends on the
speed of the displacement. Would the system be stiffer for a rapid
displacement or a slow one? Explain your answer in a few short, clear
sentences.

Question 2(30 marks)

)

An athlete runs up a mountain. His altitude increases at a steady rate of OL5Blis@imbing is 20%
efficient: that is, for each Joule of biochemical energy he converts, 20% is converted into increased

gravitational potential energy. The athlete has a mass of 80 kg and a total skin area22oHis&kin
temperature Jis uniform and 34°C. His surroundings have a temperatuteal is uniform and 30°C.
Assume that both the skin and the surroundings have emissivities of 0.8. As in the original Olympics,
the athlete is nude. (If you are under 18 years of age, the athlete is wearing a small costume, whose
effects we shall neglect.)

a)  Showing your working, calculate the rate at which he is converting biochemical energy into heat.
b)  Showing your working, calculate thettrate of heat loss by radiation.

c) Ifall the heat produced by his body were lost by sweating, so that his body temperature stays
constant, and if all of his sweat evaporates, calculate the rate of water loss. Convert your answer
into litres per hour. Assume that the latent heat of evaporation of water at skin temperature is

2.5 MJ.kgl.

d) Would your answer to (c) be an overestimate or an underestimate of the real rate of water loss?
Explain your answer in a sentence or so.

e) Suppose that (perhaps because of dehydration), his sweating slowed such that the total rate of he:
loss by the athlete fell to 500 W. Assume that he continues producing heat at the rate you
calculated in (a). Calculate how long it would take for his body temperature to rise by an average

of 2°C. (The specific heat of the body is 4 k3K 1.)



i)  An ideal gas, initially with pressure,Pvolume 4 and temperatureglis compressed isothermatly
P1, V1 and T, (step A). The gas then expands adiabatically,td/P and T (step B). It then returns
isobarically to its orginal state,PV, and T, (step C).

a) Sketch a P,V diagram for this process. On the axes, indigaRe, /o, and 4. Also label the
steps A, B and C and indicate their direction with arrows.

b) Q isthe heat added to the gas, W is the work done by the gad) athe change in its internal
energy. In the table provided, indicate with the symbolsand O whether the terms are positive,
negative or zero for each step.

Step Q W aU

A (isothermal
compression)

B (adiabatic
expansion)

C (isobaric)
Whole cycle
(2)



i)

meta

watel

A large, metal object is maintained at constant, uniform temperajule T
is coated with two uniform, thin layers of insulating material. The first
coat has thickness;éind thermal conductivityik The second coat has
thickness d and thermal conductivity 2k The coated metal object is
immersed in water at constant, uniform temperatyzeATsection of the
object and coatings is shown in the sketch.

By considering the flow of heat through the coating, determine the
temperature T at the interface between the two coatings, in steady state.



Question 3(23 marks)

Jane has entered her car for a new event: the Bathurst Time Trial. Her car (a '61 Holden fitted with fins and
stripes to increase speed) is believed to be so fast that a special timing system has been devised. It works like
this: at the start, a laser in the car sends a beam laterally towards an array of mirrors set up at the half-way
point of the course, as shown in the two diagrams below (not to scale). The course has length L and the
mirrors are at different distanceg fwom the track. (The mirrors are also at slightly different heights and the
beam is spread in the vertical direction so that it can hit all of them, but this detail is unimportant for the
following question.)

At the finish line, a reflected beam is received by one of a set of detectors fixed to the side o the car. From the
height of the detector that received it, one can tell which mirror reflected the beam. The further the reflector is
far from the track, then the further light has travelled during the time trial, so the slower the car. The aim in this
race is to have a low value ofw

(a) Situation as car crosses start line (b) Situation as car crosses finish line
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i)  The judges of the race determine that the pulse received by the car at the finish line was reflected by the
nth mirror, at a distancejprom the track. From this observation, the judges then calculate their value of
the time f,dgetaken by Jane for the event. Derive an expressioffgetn terms of L, w and c, the
speed og Iigqht.

i) Using your result from (i), give an expression for the speed v that the judges will record for the event.
Express your answer in terms of ¢ and the ratit.w

i)  Rearrange your answer to (ii) to expressdiwterms of c and v.

i) Jane also observes that the light has been reflected from the nth reflector. From this observation alone,
andwithout using the Lorentz transformation equations, give an expression for thgdjgtbat Jane
will calculate as the time she took to complete the distance L. Your expression should not involve v.

Explain in one or two sentences how you derived your answer.

iv) Jane and the judge determine different timgggd# tyane Nevertheless, from independent
measurements such as the Doppler shift in light, they both agree on the speed v.

Describe how Jane (who understands relativity as well as motor mechanics) would explain the difference
between the two results fqidgeand yane

v)  Describe how the judges (who also understand relativity) would explain the difference between the two
results for f,ggeand fane

vi)  From your results above, give an expression for the fadigdtiane Using your expression for part iii
to simplify your answer, express it in terms of the ratio (v/c) and comment briefly.

vi) The laser (a gas laser) has a tube mirror at either end, with a standing light wave between the mirrors, a
shown in the inset at bottom right. At what angle to the direction of the car should the laser point so that
the beam will strike one of the reflectors and return to be picked up by the detector in the car at the finish
line? Your answer should have a sentence or two of explanation. It should include a sketch of the
situation in the frame of the judges.

start line




Question 4(13 marks)

i) Is the mass of the nucleus of an iron atom greater or less than the sum of the masses of the protons a
neutrons that make it up? Briefly explain the origin of the differanteand give an expression for this
quantity.

i)  The mean lifetime of muons travelling at negligible speed in a laboratory on Earth iss2 e mean
lifetime of high-speed muons in a cosmic ray shower is measured by an Earth observer tade 16.0
Calculate the speed of the cosmic ray muons.

i)  Briefly describe an example that shows that the Earth is approximately an inertial frame of reference anc
explain why it shows that shows that the Earth is approximately an inertial frame .

iv) Briefly describe an example that shows that the Earth is not an inertial frame of reference and explair
why it shows that shows that the Earth is not an inertial frame.

Question 5(18 marks)

i)  Give an example of a commercially available device that works on the principle of quantum mechanical
tunnelling by electrons. With the aid of a brief sketch, explain how it works.

i) a) What are virtual particles? (Your explanation should refer to an expression from the Special Theory
of Relativity and to Heisenberg's Uncertainty Principle. Four or five clear sentences.)

b)  The range of the electromagnetic interaction is at least very large, and possibly infinite. The range
of the strong nuclear force is finite. In a few clear sentences, explain the cause of this difference.
(Hint: you may refer to your answer to part a.)

iv) A laser briefly emits monochromatic light with a total power of 1 kW. Calculate the reaction force due to
the momentum of the emitted photons.



