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Please fill in your final answers to all problems on the summary sheet.
EAEBERK LI &R REER.

There are 5 problems. Please answer each problem using a new sheet.

Please answer on each sheet using a single column. Do not use two columns on a single sheet.
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Please answer on only one side of each sheet. Do not use both sides of the sheet.
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At the end of the competition, please arrange the summary sheet as the first page, followed by
the answers to each problem in sequential order of the problems. If your answer to a problem
requires more than one sheet, please arrange the sheets of the same problem in sequential order
of the parts.
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1. Electrostatic Force (4 marks) & HE (449

Consider a 2017-side regular polygon. There are 2016 point charges, each with charge q and
located at a vertex of the polygon. Another point charge Q is located at the center of the
polygon. The distance from the center of the regular polygon to its vertices is a. Find the
force experienced by Q.
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2. Capacitors (13 marks)

(a-c) Consider two clusters of electric charges. Cluster A consists of N charges g1, 2, ..., O,

located at positions 74,75, ..., Ty respectively. Cluster B consists of M charges q1, 43, ..., qu »

located at positions 77, 7, ..., Ty, respectively.
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(a) Write the electric potential ¢, () at position 7 due to the charges in cluster A. (1 mark)
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(b) Write the electric potential energy Eg,0f cluster B due to the electric potential ¢,. (1 mark)
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(c) What is the relation between Eg 4 and E45? (1 mark)
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(d) Consider two large conducting plates as shown in Fig. 1a. The upper plate carries a uniform
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surface charge density ¢’ and the lower plate is grounded. Find the surface charge density of
the lower plate and the potential ¢'(z), where z is the height of an arbitrary location from the
lower plate. (5 marks)
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A point charge q is placed between two very large grounded parallel conducting plates. If z,
is the distance between g and the lower plate, find the total charge induced on the upper plate
in terms of q, zo, and |, where | is the distance between the plates, as shown in Fig. 1b. (5
marks)

WAL 1b R, FEAREESY | EYPIERSPA T A SR AT CE A 0, HE] MREYEEEY 200 3K
EAREAE RN T BLay 20T I FoRIRAVE S » (54)

Cannonballs and Bombs (10 marks) fEFERIYERE (10 4

Envelope of safety: A ground based cannon can fire a cannonball at a fixed speed of u in any
direction. The envelope of safety is the curve inside which a target can be hit by the
cannonball, and outside which there is no possibility of a target getting hit by the cannonball.
Find the equation of the envelope of safety in space. (3 marks)
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(b) A bomb explodes at a height of H into many small fragments. It is given that after the

explosion the fragments have the same speed u and a uniform angular distribution in all
directions. After some time all fragments hit the ground and the collisions with the ground
are perfectly inelastic. Find the radius R of the distribution of the debris. (2 marks)
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(c) A bomb explodes on the ground. Its fragments are projected at the same speed u, and the
angular distribution is uniform within a narrow angle a with the upward vertical direction.
After some time all fragments hit the ground. Let the mass of the bomb be M. Find the radius
R of the distribution of the debris up to order a. Calculate the radial density distribution p(r)
within radius R up to order r2, where p(r)2nrdr is the mass of the debris located at a
distance r to r + dr from the centre of the distribution. (5 marks)
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4. Collisions (14 marks) ff#& (14 43)

A thin rod with length L, mass m and uniform density lies on the y-axis with its midpoint at the
origin. A point object A with mass m travels with velocity u in the positive x direction hits the
rod with impact parameter h, where —L/2 < h < L/2, as shown in Fig. 2a. The collision is
perfectly inelastic.
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(a) Find the total kinetic energy just after the collision between A and the rod. (6 marks)
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(b) Find the velocity v of point C at the top end of the rod as a function of h. (2 marks)
K#E B sl CHHE v S hIBRERR. (249

(c) Find H such that v(H) = 0. (1 mark)
KHAEE v(H) =0. (140

(d) Suppose another point object B of mass m is located very close to point C, at the left hand
side, as shown in Fig. 2b. Further suppose the point object A hits the rod at the lower end.
Find the velocity of the point object B just after the rod collides elastically with it. (5 marks)

S —EN miETS B LB ST C W/ABIFFEEEE, WE 2b Fm. Hik
A TEEIRNY N SKEESFE B P /Esg 2 kRS, P18 BAVER. (57))

5. Thermodynamic Cycle (9 marks) #J7Z48EF (9 43)

Consider the thermodynamic cycle of an ideal monatomic gas shown in the pV diagram in Fig. 3.
The cycle consists of four processes:
A - B: Isobaric expansion at pressure rp, where r > 1
B > C: Isothermal expansion at temperature T,
C - D: Isobaric compression at pressure p
D -> A: Isothermal compression at temperature T,
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(&) Write the highest temperature Ty and lowest temperature Tc in the cycle. No proof is
required. (1 mark)
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(b) Write the efficiency ec of a Carnot engine operating with a hot reservoir at temperature Ty
and a cold reservoir at temperature T¢. (1 mark)
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(c) Given that the gas is in thermal contact with a hot reservoir with temperature Ty whenever
heat is added to the gas, and in thermal contact with a cold reservoir with temperature Tc
whenever heat is removed from the gas, find the efficiency e of an engine running the cycle
in the pV diagram. Express your answer in terms of T¢, Ty, p, and r. (5 marks)
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(d) Find the ratio :;C Hence suggest a parameter regime in which the efficiency approaches that

of the ideal engine. (2 marks)
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