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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 wooden wedge of mass M is placed on a smooth table. A small wooden block of mass m
is connected to the top of the wooden wedge with a spring of elastic constant k. Suppose the natural
length of the spring is Ly, and there is no friction between two wooden blocks. Now the small block is
released at rest at distance L, from the top of the wooden wedge (as shown in the picture) and slides
down freely. Find

(a) [1pt] The equilibrium position of the small block m (i.e. the position where the acceleration of m
vanishes) measured from the top of the wooden wedge.

(b) [2pt] The horizontal distance travelled by the wooden wedge when the small block m reaches its
equilibrium position.

(c) [1pt] The oscillating amplitude of the small block m along the slope of the wedge.

(d) [6pt] The period of oscillation of the small block m along the slope of the wedge.
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2. [10 points] A system of 3 energy levels, E; = 0,E, = €, and E5 = 10€ (¢ > 0) is populated by N >

1 particles at temperature T. The particles populate the energy levels according to the classical Boltzmann
distribution law.

(a) [2pt] What is the average number of particles, N3, with energy E3?

(b) [2pt] What is the average energy of a particle at temperature T?

(c) [2pt] At sufficiently low temperature T,, only energy levels E;, E, are populated. Calculate the order of
magnitude of the characteristic temperature T,.

(d) [2pt] Calculate the molar specific heat at constant volume C,, at low temperature kzT < €.

(e) [2pt] Calculate the molar specific heat at constant volume C,, at high temperature kzT > €.
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3. [10 points] One cylindrical vessel of radius R; is fixed inside another cylindrical vessel of radius R,, as
shown in the figure. In the bottom of the small vessel, there is a small hole with a bushing and a wooden
cylinder of radius r and height h = 21cm is inserted. The wooden cylinder can only move vertically
relative to bushing without friction. Water is poured into the small vessel to a height of a = 30cm, and oil
is poured into the large vessel to the same level. And the wooden cylinder is in equilibrium.

Given that the water density is p,, = 1000kg/m3, the oil density is p, = 790kg/m3 and the wooden
cylinder density is p = 600kg/m?3.

(a) [5 pt] Find the ratio of the length of the wooden cylinder immersed in the water to its total length h.
(b) [5 pt] Find the condition between p,,, p,, 7, R; and R, such that the equilibrium of the wooden cylinder
is stable. (Hint: You need to consider the finite size effect of Ry, R, and r)
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4. [10 points] Four square conducting plates of area A are arranged at an even spacing d as shown in the
diagram. (Assume that A > d?)
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We perform the following steps to the system:

Step 1: Plate 1 and 4 are first connected to a voltage source of magnitude V;,, with plate 1 positive; Plate2
and 3 are connected with a wire.

Step 2: Remove the voltage source between plate 1 and 4.

Step 3: Remove the wire between plate 2 and 3.

Step 4: Finally, plate 1 and 4 are connected by a wire.
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The steps are summarized in the diagrams below.
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(a) [6pt] Find the potential difference AV;,, AV,5 and AV, at step 4, where AV;; = V; — V; is the potential
difference between plate i and j.
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(b) [4pt] What is the net electrostatic force acting on the plate 1 at step 4?
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