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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] Consider a satellite that has a shape of a plate of surface d
area A and thickness d « VA. The satellite can convert solar energy n
into electrical energy and charge the onboard batteries making use of \ /
the temperature difference. The solar energy flux density [solar power
per unit area] at the position of the satellite is S and the satellite is
facing towards Sun. Assuming that the emissivity of both sides of the
satellite is € and the temperatures of the satellite on two sides are T;
and T, respectively and o is the Stefan-Boltzmann constant.
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(a) [2] What is the net heat flux [energy per second] abserbed by the bright side (the side facing towards Sun) of the
satellite?

(2) [2] DEAYSEE (HEFERMHE—E) B4 H2EE [BURE] 22/ ?

(b) [1] What is the net heat flux [energy per second] released from the dark side of the satellite?
(b) [1] M ERSF R A E S (B E] 2%V 7

(c) [1] What is value of the emissivity € to get the theoretically maximal charging power P, 4, ?

(c) [1] AISEEIE B ATEHINIR Prax HIEZHHR € NEEZ /D ?

(d) [3] Find a condition for the temperature T; in order to get the theoretically maximal charging power P, provided by
the satellite. Express the condition in term of the dimensionless variable x = UTT{} You don’t need to solve the equation
in this part.

(d) [3] SRRET HIZRM - (015 TLREREEZTENG LR ATEHRINE Prax © FALENLE x = %Tf FRITHEZ - I
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(e) [3] What is the theoretically maximal charging power Py, .y provided by the satellite? Calculate the numerical value of
%. Your answer should be correct to at least 2 significant figures.

(e) [3] LE AR EHVENL ERATEHIH Pz %V ? R Pf% AVEE - (REVEZE2/DNIEE] 2 A%
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2. [10 points] Binary-sun solar system: Consider a binary pair of
identical suns of mass M orbiting in the x — y plane in an orbit
centred at the origin. The gravitational constant is G. Now add a
planet of mass m with an initial condition on the z axis above the
center of mass of the two suns and with a velocity along the z
direction. By the symmetry of the system, the small planet will
remain on the z axis, suns will have equal z coordinates and the
center of mass of two suns will also remain on the z axis.

2.[10 PIREXFAZ : ZIEMAFES N M BIEREKFEE x —
y FEHPMUERAFONHEZIT - ABESINDERN G - ME
AI—1TRE m NITE E%)Jiznfr\#u?ﬁ/\i(l?ﬁﬁrutm’]
z WL REE 2z HEL < BIRFOIRME - ITEFRE
EziE > MPKRBER 2 Qéfflﬂﬁlﬁ s HFUOh S E 2 fE -

z
‘ m: (0,0, u)

M:(—Rcos6,—Rsin0, Z)

M: (Rcos6,Rsinb, Z)

We use the Cartesian coordinates to describe the dynamics of the system: the coordinate of the planet (0,0, u), and the

coordinates of two suns are (xR cos6,x+Rsin8, 7).
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(a) [0.5] What is the total kinetic energy, T, of the system? Express the answer in terms of R, 8, Z, u and their time

derivative.

() [0.5] RANCSEET RSP ?H R0, Z,u RENBSHERETRER
(b) [0.5] What is the total potential energy, V, of the system? Express the answer in terms of R, 8, Z, u and their time

derivative.

(b) [0.5] RAMNZBREV B2V 2B R 0,Z,u RENBSHERER -
(c) [0.5] What is the total linear momentum, P, of the system? Express the answer in terms of R, 6, Z, u and their time

derivative.

(c) [0.5] REMELEMNE P 22V ?H R 0,Z,u RENBSHERER -
(d) [0.5] What is the total angular momentum, L, about the z axis of the system? Express the answer in terms of R, 8, Z, u

and their time derivative.

() [0.5] £F 2% 2 MR BINE L 2302 F 0,2 u RENESBETSE -

From now on, we introduce the dynamical variables q(t) = u — Z and the center of mass coordinate of the system

mu+2MZ

Q) = m+2M
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(e) [2] Find the equation of motion for q(t). Express your answer in terms of §, g, R and given physical parameters.

(e) [2] ¥t q(t) BEBENT5HE A 4, q, R FNATERIIES HERIAMRM
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(f) [2] Find the equation of motion for R(t). Express your answer in terms of R, R, q, L and given physics parameters.
(f) [2] KH R(t) B9iEsh /72 ° A R, R, q, L NABTEIESERAMNEER -
(g) [2] In the limit of small planetary mass m << M we can ignore the effect of the planet on the motion of the suns. Find

the explicit solution for the motion of the suns R(t) for orbits with small eccentricity € << 1. Write your solution as
circular motion plus a term proportional to e, i.e. R(t) = Ry + €R;(t) where R is the radius of the circular orbit. You

can assume the initial condition R(0) = Ry(1 + €).
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FIKPFAZEN R() EXEE o FIRNERSRBEREEINLES e BEEFIRIIN > Bl R(t) = Ry + Ry (t) » HF Ry &
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(h) [2] Obtain the equation of motion for q(t) in the limit m <« M. You can see that q(t) is a nonlinear oscillator driven

by a nonlinear force term.

(h) [2] 3K q(t) EMRBEM « METRYBEN AR © IRALAER q(t) B—
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3. [10 points] A massless rod can rotate without friction about 100% Absorbing Side
the pivot point at its center. Light, propagating as a plane wave, 100% W Y I specular Reflecting Sid
propagates from left to right, along the x axis. The electric field SEEENE
of the light is given by / -
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where k = k% and E, is a real number. The angle between the * =)
rod and ¥ is denoted by 6. —~ Reﬂeg(:f ‘
H k= k2 B By IS - FH1 9 Z BB 0 & - T At

Cantered at the ends of the rod are disks, each with one side perfectly mirror with 100% reflection and the other side with
100% absorbing. The disks are oriented so that light in the upper part of the rob (above the pivot) always strikes an
absorptive surface, while in the lower part, it strikes a reflective surface. Each of the disks have mass m and radius r.
Assume that the distance R from the pivot to the center of each disk satisfies R > 7.
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The Poynting vector, which describes the energy flux density (i.e. the energy per unit area per unit time) is given by

HigEERERE (SR EESRUEIRNEEE) NIRES=XERTHES
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where p is the vacuum permeability. The momentum density p carried by the EM wave is

Heppy REZEHMSER - HRIBETNERE P N
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where c is the speed of light in vacuum.
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(a) [1] What are the frequency f, wavelength A, and magnetic field B (x,t) of the light?
() [11 FAIRR £~ A< A MR B (x, ¢) DRIRHA ?

(b) [1] What is the time-averaged Poynting vector of the incident light?

(b) [1] ABSFEROBT B AR ENIER E R4 ?

(c) [6] What is the total torque which is delivered by the light to the system of rod plus disks around the pivot point at a
given angle 6? What is the average torque over a full rotation of the rod?

(c) (6] EREAE 6 T » HEBFEZNHMK[RTINEZ R RN SHER Z D ? Hie—B N TFI9HER 2
b2
(d) [2] Find the average angular acceleration of the rod over a revolution.

(d) [2] KATHEFE—RBIRTFIAmNRE



4. [10 points] A vertical, insulated and sealed cylinder with a cross-sectional area

A, and an insulating piston of mass m inside, whose thickness is negligible A

compared with the length of the cylinder. At the beginning, the piston is fixed in the -
center of the cylinder, which divides the cylinder into two air chambers with the Z
same length [, as shown in the figure. Assume that the upper and lower gas [

chambers of the cylinder each contain n moles of monatomic ideal gas with
temperature Ty . In the following problems, it can be assumed that there is little
friction between the piston and the cylinder wall, and that [ is much larger than the
distance traveled by the piston (>> z). ~——
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(a) [4] Release the piston from rest at time t = 0 so that it can move freely up and down. Find the trajectory of the piston
z(t). You can neglect the friction between the piston and the cylinder in the part.

(a) [4] 7ERSE t = ORFIERF LLPIENUEE » (FHAEE A L TES) > HHEZERMI 2(t) - EXERD - IRAIAZ
BEEMSEL < (BRI -

(b) [2] How does the temperature of the upper and lower chambers in the cylinder change with the position of the piston,
z?

(b) [2] B L TMRZERRENCBEEUE 2 NEENME?

(c) [4] Although there is little friction between the piston and the cylinder, the piston will eventually come to rest after a
long time. Find the position of the piston, z¢, when it rests and the temperature, T¢, of the gas in the cylinder at that time. .
We can assume that the heat capacity of the cylinder and the piston is negligible, the temperature of the upper and lower
chambers will eventually come to the same because of the movement of the piston and all heat lost due to friction will
transfer into the internal energy of the gas.

(c) [4] BEREREROEZRNHEARD > BEB—RRF[E - BEEEEF UL TR - dREEREF LR
HUE z MEBEARENRE T ? BMRREFENEENASTEF 2B > BAREENEY > ELT
REREREEN N > MERTEEMMRKNAEREEH RN SERALE -

~End of Part 1 £-1 58 ~



