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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.

LARes o - 15 R A MR > 1 H 48N AR 4R AL iia] -

1. Length of Daytime (7 points) HEKE (743)

(a) In the figure, ABCD is a rectangle lying on an inclined plane making an angle 6 with the
horizontal plane. ABEF is the projection of the rectangle on the horizontal plane. If the

measure of the angle DAC is ¢, derive an expression for the angle a. [2]
R, % ABCD o ¥#Hi b, & 5Kk M 80, ABEF i TIK
P BGY . Bl DAC N¢, WIHES M affIRIEH. [2]
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(b) The ecliptic is the plane on which the Earth revolves around the Sun. The axis of rotation
of the Earth is inclined at an angle of 23.4° with the normal to the ecliptic. The day of the
Winter Solstice (in the Northern Hemisphere) is 21 December. Using the result of (a) or
otherwise, calculate the incident angle of sunlight relative to Earth’s equatorial plane
today (22 February). [2]

T T [ 2 i M R B 52K P A BE (1T THT . HOER G B B ke 6 T 800 T (R e gt A
JEh 23.4°% fEILFER, XEMHYN 12 A 21 H. RAQ@HE4SE R ik, it
HAR (2 H 22 HD FHICAHX T/REm A . [2]

(¢) The latitude of Hong Kong is B = 22.25°. Calculate the length of daytime in Hong Kong
today (22 February). Give your answer in hours to 3 significant figures. [3]
FWAL T = 22.25°% WKIHHEASRQ H 22 H) HEABEKE. &30 VN
wik, =AY [3]




2. Rotating Ball (6 points) EzHYER (9 47)

A ball of mass m and radius a is at rest on the surface of a sphere with radius R. The ball is
initially at the angle 8, at t = 0. The bottom sphere is fixed and cannot move, but there is
friction so the ball rolls without slipping until it leaves the surface of the sphere at angle 6;.

The moment of inertia of the ball about its axis is [ = gmaz. The gravity is directed as

shown.
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(a) What is the frictional force acting on the ball at angle 87 [3]
TEAEORE RITERR EHYEEE T2 %/ 7 [3]

(b) What is the normal force acting on the ball at angle 6% [3]
TEAEORHE FITERR ERYSCR 12270 2 (3]

(c) Find 6, in terms of 6. [1]
0, HREK, Mo RR. [1]

(d) What is the speed of the ball at angle 8,7 [2]
TE A4 0, IRFER AR Z2 2 /D 2 2]

3. Nearest Exoplanet Discovered (7 points) & BlETINLRIMTE (747)

On 24™ August 2016, astronomers discovered a planet orbiting the closest star to the Sun,
Proxima Centauri, situated 4.22 light years away, which fulfils a long-standing dream of
science-fiction writers: a world that is close enough for humans to send their first interstellar
spacecratft.
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Astronomers have noted how the motion of Proxima Centauri changed in the first months of
2016, with the star moving towards and away from the Earth. In the figure below, the radial
velocities of the star are measured and the direction of the radial velocities changed regularly.
This regular pattern caused by an unseen planet, which they named Proxima Centauri B,
repeats and results in tiny Doppler shifts in the star’s light, making the light appear slightly
redder, then bluer.
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It it is given that the star, Proxima Centauri, has a surface temperature of 3000 K and a radius
of R = 0.14Rg,,, and the orbit of the unseen planet, Proxima Centauri B, around the star is
circular. (Radius of the Sun Rg,, = 6.96X10%m , the gravitational constant G =
6.674x10711m3/ kg - s?)

THAE HLAR B R IR 3000 K, % R = 0.14Rgy,,, 1TREWALE B BISERMNYPLE
ERE,  (CKBHY¥4ERg,, = 6.96x10%m, 5|/1H 4G = 6.674x107 1 'm3/ kg - s?)
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Figure: Measurements of the radial velocity of Proxima Centauri (denoted as RV in the figure) from 1 January
2016 onwards. The thick curve is the best fit curve of the data.
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(a) Proxima Centauri is a red dwarf star, unlike our Sun, with a mass of only 0.12 Mg,,,.
Estimate the radius of the planet’s orbit using the given information. (The mass of sun,
Mg,,,, = 1.989x103%g) [2]

Al R — MR, H5IATRAARE, BEMNN012M,, » R ETS BEMEEAT
EPUERERE, (KEAMIR & Mg, = 1.989x103%g) [2]

(b) Estimate the mass of the planet in terms of Earth mass. (Mgg,¢, = 5.972x10%*kg) [2]
AL EAT RN R, UMEREA RN R R,  (MERTE Mgarp = 5.972x10%*kg) )
[2]

(c) Estimate the equilibrium temperature of the planet by assuming that both the star and

planet are black bodies. [3]
R AT 2 e B, IXEETENRSIEE, [3]



4. L-Shaped Conductor with a Wire (8 points) L JES{&f1548 (8 4)

A L-shaped conductor consists of two semi-infinite conductors in the xz and yz planes where
the cross section is shown in the figure. The L-shaped conductor is grounded and centered at
the origin. A line of charge, with linear charge density A runs parallel to the z-axis is located
at (a,b) where b > a > 0.
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(a) Compute the electric potential V(x,y, z) forx > 0andy > 0. [3]
THHEx > 0Fny > ORTAY L V(x, y, 2) ° [3]

(b) Compute the capacitance per unit length of a thin wire of radius r, placed at the point
(a,b). Assume that the wire radius is much smaller than a and b (i.e. r < a, b) so that the
solution of part (a) is approximately correct in the region exclusive of the conductors. [3]
THRRELE R (a, )AL B r gl T, R KEMBE, REXEE rita
Mb/MF% (Hlr < a,b) , EFS1E@@)EBRIMRE R A 2 SR XA PUER, [3]

(c) Compute the force per unit length on the wire (as a vector). [2]

HRSL LBRAKEN S EARE) . [2]
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5. A Flying Square Loop (8 points) —{ERSTHIF I (8 57)

A square loop of side a and mass m is made of resistive material with a total resistance R. At
t = 0, the loop is located at x = 0 and moves with velocity vyX. The loop lies in the x-y
plane. There is a magnetic field B = B, (;—0) Z where B, > 0 is a constant. In the problem,
we neglect the effect of gravity.

—IKN a RN m BT R BEA R R, SEFHNR, fEt = OFf, ML Tx =
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(a) What is the induced current on the loop when the center of the loop is at the point x with
velocity vX? What is the direction of the current? Is it clockwise/anticlockwise from above?
[2]

MG ROAL T, HEAve B, 3 RN BREZD 2 Hiafte 2 MBS
ST MR/ AT 2 2]

(b) What is the velocity of the square loop v(t) at time t? [3]
EHAER e () %0 2 [3]

(c) How far does the loop travel before stopping? [3]
FIH e (LRI T FER R 20 2 [3]
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6. The Phenomenon of the Halo (6 Points) Ye&EIRE (6 43 )

Bright halos around the sun can be observed as in Figure 1. As shown in Fig. 2, this optical
phenomenon is caused by the refraction of the sun's rays on ice crystals in the cirrostratus, a
cloud genus that reaches a height of approximately 5.5 km.

AT g w] OB 2R B A B e w08, il 1 fros. Wil 2 fos, RO
MR B KIDCEAEEE = P HIUKE T AR, 1Za R &2 5.5 km -

To understand the phenomenon of the halo, we simplify the problem in two dimensions. In
the following, we denote the angle of incidence on an ice crystal 6;, the angle of refraction at
the first interface 8,, the angle of refraction at the exit of the crystal 8, , and the angle of
deflection between the ingoing and the outgoing sun ray 6.

N TR, AP E L PRI, 1F T3, BATLLO Forokd Ea A S
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Fig. 1: A halo surrounding the sun Fig. 2: Formation of a halo. Fig. 3: Light refracted by an ice crystal
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(a) We consider an ice crystal in the form of a regular hexagon (Fig. 3). Derive an expression
for 6, as a function of 8,, ny;,- and n;.., where n; denotes the refractive index of the medium
i. (g =1, niee = 1.31) [3]

FAB R — AN EARLTERIIREE(E 3), RO, IFR,  TFLAO,, ngg, T 1E A HE
PR, Hn RIS, (ng, = 1, nyee = 1.31) [3]

(b) Estimate the angular radius of the halo as measured by the observer on the ground. [2]
The identity may be useful:
BN ZEE EEFDEENAEREARN - [2]
EAAAFTREA H:
d ) 1
—arcsinx =

dx V1 — x2

(c) A closer look at a halo reveals the light spectrum along its entire circumference. Which of
the colors, red or blue, is on the inner, which on the outer side of the halo? [1]
AR — e, AT LMERE BRI REE, HotEp M2 —hgie, 2
CEE A, ECEAIMUSORE—FhEiE 2 [1]




