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Please fill in your final answers to all problems on the answer sheet.
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At the end of the competition, please submit the answer sheet only. Question papers and working sheets
will not be collected.
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1. [10 points]

A static insulating container of mass M and cylindrical shape is placed in vacuum. One of its ends is closed.
Initially, an insulating piston of mass m and negligible width separates the volume of the container into
two equal parts. The closed part contains n moles of monoatomic ideal gas with molar mass M, and
temperature T. Assume that the container wall is smooth.
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(a) [2 points] Assume that the state of gas during its expansion can be approximated by thermal equilibrium
condition, what is the temperature of the gas T; when the piston left the container?
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(b) [4 points] At the moment when the piston leaves the container, the gas and the container will move with
speed v and the piston will move with speed u. Find v and u.
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(c) [4 points] When all the gas has left the container, the final speed of the container further changes from
v to v + v'. Estimate v’ using the kinetic theory of gases. Assume that the final speed of the container is
much less than the thermal speed of the molecules.
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The gas constant is R. There is no heat exchange between the gas, container and the piston. The change of
the temperature of the gas, when it leaves the container, can be neglected. The gravitation of the Earth can
be neglected.
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2. [10 points] A spherical dust particle falls from rest through a water mist cloud of uniform density. The
initial mass and radius of the spherical dust is M,, and R, respectively. The rate of accretion onto the droplet
is equal to the volume of the mist cloud swept out by the droplet per unit time. Let p be the density of water
mist and g be the gravitational acceleration.

We assume the density of water mist p does not change after accretion and ignore air friction other than
that from accretion.
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(a) [2 points] Let M(t) and R(t) be the mass and radius of the droplet at time t respectively. Find a
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(b) [2 points] Find the speed of the droplet at time t. Express the answer in term of p, R and R.
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(c) [3 points] After a long time, the radius of the droplet increases with time as R(t) = bt™. Find b and n.
Express the answers in terms of p and g.
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(d) [3 points] Find the value of the acceleration of the droplet after a long time. Express the answer in terms
of pand g.
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3. [10 points] There is a solid metallic sphere of radius R,
which is cut into two identical hemispheres. The cut surface
is coated with a thin insulating layer of thickness d, and the +Q

two parts are put together so that the original shape of the Insulating layer

sphere is restored. Initially, the sphere is electrically neutral. R 2t 8
Then one of the hemispheres is given a positive charge +Q

while the other one remains neutral. You can assume d < R Neutral

in this problem. H, R
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(a) [4 points] Find the charge on each surfaces of the sphere.
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(b) [3 points] Find the electrostatic interaction force between two hemispheres.
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(c) [3 points] Find the electrostatic energy of the sphere.
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4. [10 points] Figure 4 shows a hollow glass tube with outer radius R and inner radius r respectively. The
refractive index of the glass is n. From the outside air, the apparent inner radius of the tube is r'(i.e. the
radius of the hollow portion observed from outside appears to be equal to ).
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(a) [2 points] Find the ratio of the actual inner radius to the outer radius %‘ Express your answer in terms of

a, B and n.
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(b) [3 points] Find the ratio of the apparent inner radius to the outer radius %. Express your answer in terms

of @, f and n.
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(¢) [5 points] If R = 4.0 mm, " = 0.50 mm and n = 1.6, calculate the actual inner radius r of the glass
tube up to 2 significant figures.
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