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Numerical answers should be given to 3 significant figures. 72 ik 4 =4 A B 7

1. Retrograde Motion of Mars (9 points) ‘K EKIEATZES) (94)

In the history of astronomy, the phenomenon of the retrograde motion played an important role.

Suppose we observe the position of Mars at midnight every night for many nights. Using distant

stars and constellations as the background, we will find that Mars moves from West to East most

of the time. However, there are periods of time that Mars is observed to move in opposite

direction, as shown in the figure. The orbital period of Mars is 1.88 y. Assume that the orbits of

Earth and Mars are circular, and the tilting of Earth’s axis can be ignored.

FERICHE b, AT RMEATIZE I T HEER MO, RERITDESZ M EET UK EAE.
A DL AR I AR J2 9 50, AT RIHS 73 i) 18] K 2 2 NP B R 125, (B A Lo B i

Fiz3l, EFR. KERIEFRPZ 1.88 4. ASCHbBRA KR PUE RS F Y, b iR a]
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(a) What is the orbital radius Ry of Mars? Give your answer in AU (Astronomical Units, 1 AU
is the average distance between Sun and Earth.) (1 points)
BOR KR HUE AR Rye B RIEU AU BHAL, (1 AU & RFE S HERFFA8EES . ) (153
(b) Att =0, Sun, Earth and Mars lie on a straight line. Sketch a figure indicating the positions of
Sun, Earth, Mars, and star T when t > 0. Label them by letters S, E, M, and T respectively.
Mark the angular displacements & and &y of Earth and Mars respectively (starting from t =
0), and the angle @ that gives the angular position of Mars as observed from Earth using
distant stars and constellations as the background. (2 points)
FEt=0R, KFH. HhBR, KEE—HZL. WE—HEE, BREt>0m, K. HEk, k8
FETMAME, BLS, E, MAIT b, 76K LR HERFK R AL 558G R 6 (B
t=0745) , FIHLERE K BRI E O (L B E TS « (25
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(c) Derive an expression for the angular position ¢ of Mars at time t. Express your answer in
terms Rg, Ry, @e, anv and t, where oz and wy are the orbital angular velocity of Earth and
Mars respectively. (3 points)

BT KBRS E] t I AR E 0. BFRIBU Re, Rw, o5, o M tRoR, HH o Mo 7>
IR KRB AEE . (373

(d) Calculate the angular position ¢ of Mars att = 0.1y, 0.2 y and 0.3 y. Give your answer in
degrees. (3 points)

B KELE t= 014, 0.2 FFEA 0.3 FFI MM E 0. BHRIGEUELH KR, (37

2. Rolling Ball on a Racket (10 points) BRIHEER (104

As shown in the figure, a hollow spherical ball of mass M and radius R is placed on a racket of
mass m. The racket has a flat surface with coefficient of static friction w4 and coefficient of
kinetic friction zand is held horizontally.

WEpR, —MREA M, BAEA R W ORBEREBCEAREAN m BBk L. RpBRA
—APERER, KBRS v, SEBE RO e I HARFFAEKTALE .

R
'O
| >

(@) The racket is driven horizontally by a periodic force F(t)=F,cosmyt, with the ball

remaining non-slipping. Calculate the maximum velocities of the oscillations of the racket
and the ball, denoted as ux and uy respectively. (The moment of inertia of a hollow sphere of
mass M and radius R is | = 2MR?/3.) (5 points)

BRI IE R T F(t) = Fy cos apt WKV J7 1A 3K a), - [l BRYEFFAE AN S BIRAE  wlit
BRI 5 BRIRBIIN BB SE, 73R u Ml uye  (REDY M, P48 R B 0EK
RSN 1 = 2MRY3. D (543)

(b) At the moment the racket is oscillating at its maximum velocity, its motion is brought to rest
abruptly by an external force much stronger than the limiting frictional force between the
racket and the ball in a very short duration of time. What is the final velocity of the ball? If
the final velocity of the ball is 0, what is the displacement of the ball? (5 points)
FERRIOYREN I KL —ZI, ISRV 3645, IXAMJ7 EEBRE 5 3R 1A B AR
SREEYE S smts 2, AR RIS ARSI ERI AR R 207 HIRNRAHRE N 0,
Hfi#ggz b (59

3. Balloon (10 points) SER (10 43)

The work done in stretching a spring is converted to its spring energy. Likewise, the work done
in stretching a membrane is converted to its surface energy, given by E = 45, where yis called
the surface tension of the membrane, and S is its surface area.

o H RS T A ) DR B s SR A e[RRI BIT  Sh s B i B ORI REE. = 98
Horh yWR TR K A7k 77, i SAE H AR T H A -
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(a) Consider a balloon of radius R. What is the change in surface energy when the radius
changes by dR? Hence derive an expression for the pressure due to surface tension. (2 points)
FEEEIRNSIK. HEESE AR, REENTLESZ D ? hitifESREK IR E
TiEREA.  (29)

(b) The surface tension of balloon A is . When it is filled with a diatomic ideal gas, its radius

becomes Ry. The surface tension of balloon B is 2. When it is filled with the same kind of
ideal diatomic gas, its radius becomes Ry. The temperature of the environment is T. The two
balloons are then connected so that the gases are free to exchange between them until a
steady state is reached. The final temperature is the same as that of the environment. What
are the final radii of the two balloons respectively? You may neglect the atmospheric
pressure in the analysis. (4 points)
SERAMZEREK I Ay, ME R T — MR B, HPERERy. AERBRIR K /)
N2y, HEARFRRUR 7 BAR SRR, HEAR 2R MRNRENT . 25 AR
B, AT LEEAIZ A H B, EREIRERES. HAREZESHEME. HW
NRIREAHIEAR 73 A A7 AL M AR AT LLZS KSR 1. (49))

(c) What are the amounts of heat gain by the gases in balloons A and B respectively during the
gas exchange process in (b)? (4 points)

TE (D) S s it f2 T, SERARIBEG N REE D BIRAT 42 (453)

4. Fresnel Biprism (10 points) SE{RE-XEEE (10 4)

Fresnel biprism was devised shortly after the famous Young’s double slit experiment to confirm
the interference phenomenon. Nowadays, it is widely used in different applications. As shown in
the figure, it consists of a single light source S and a pair of wedge-shaped prisms arranged back
to back. We introduce the following notations:

TEE AWM IRAEE LT AN A, 874 7 IRE B X B iett, AT IR
me, BT ZHTARBNAH. WE PR, BEH-NREEDRIE S XX R
AR . RATGIAL TS

n = refractive index of the biprism XU 82 f 4 5 %

a = apex angle of each prism XUk 45 ¥ T £

b = distance between light source and biprism Y& 5 5 XU 45 1 5 25

¢ = distance between biprism and screen X% 45 55 55 % 1 #E 25

A = wavelength of light Y K

a
Se
a
«— p >e c >

(a) Derive an expression for the angular deviation after a light beam has passed through one of
the two prisms. (3 points)

e OR G K — M G a i i Ris . (370

3
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(b) Derive an expression for the separation of the fringes on the screen. (4 points)
TR ERSUE B I RE . (450

(c) In a modern application on electron microscopes, the single light source is replaced by a
parallel beam of wave incident normally to the flat surface of the biprism. Derive an
expression for the separation of the fringes on the screen. (3 points)

AEYAL KFEE O N B 7 BT . RN, AU SN S T AT
PR, EETRRBHT 0. o3 5R ERSUE R ERILA. (37

5. lonic Crystals (11 points) & -F@k (114

An ionic crystal can be modeled by a chain of positively and negatively charged ions. The ionic

separation is a. The positive ions with atomic mass M are located at the positions x = na where n

is even. The negative ions with atomic mass m (m < M) are located at the positions x = na where

n is odd. The ions are coupled to their neighbors by springs, which provide restoring forces to

their transverse displacements. The returning force is proportional to the displacements of the

ions relative to their neighbors, and the spring constant is k.

FATAT PA— Ay I s AN SR, AFOV B TR . B BIBE RN a. IEE T

WETEANM, ATAE x = na, Hihn 2. AETHETREAM (m< M),

WEFAEALE x = na, Hinjgars. MATIE ARG, HEOVE T RIR AL RS SRt

WRIE Sy o R IE IR HE T B AR TARAR B AR, IF B H0 k.

(@) Let un(t) be the transverse displacement of the ion at x = na and time t. Derive the equations
of motion for both types of ions. Show that the solution of the equation of motion can be
written as
2 un®) AT x= na BB TAERTE] t BIREIAALRS . WHES TSR AL E T IS B T R .
KB B 7 RE AT LS R

0 = A, sin(gna—wt) neven,
W= A singna-at) nodd

Find the relation between g and . (3 points) ik#k ! q S wlf) kK. (34

(b) Find the solutions of @ in the limit g = 0, and the relation between Ay and An, for each
solution. (2 points)
FERIR =0, Ko JPrAM, JHHREFEMED AvE AnlAIRIRR. (270

(c) Inthe limit g = 0, calculate the wave velocity of the low frequency mode. (1 point)
FERRIR q =0, Wit EARPH PR,  (170)

(d) In the limit g = #/2a, find the solutions of o, and the relation between Ay and A, for each
solution. (2 points)
TERRIR q = r2a, KoWIFTAM, IHHREFSNMED AvE AnlIHIR R, (270

(e) Sketch the angular frequency o as a function of the wavenumber q from q = —72ato q =
72a. (2 points)
2 AR of B o BB S &, JEEM q = -72a 2 g = ©l2a. (271

(f) An electromagnetic wave is incident on the crystal. Which frequency mode will be excited?

(1 point) 4 HL RGN B B S A . WERPAICR A S A 2 (140
{THE END 58)

4
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PR K = AR 7 e )
Part-2 (Total 2 Problems) -2 (3£2 i)
(2:00 pm —5:00 pm, 25 February, 2015)

1. Exoplanet Microlensing (25 points) R/MTERIBESR M (2540

With the discovery of planets orbiting around stars in recent years, the observation of exoplanets
from astronomical distances became a challenge to scientists. Gravitational microlensing is one
of the detection methods. It makes use of Einstein’s discovery in general relativity that when a
light ray passing near a spherically symmetric body of mass M, its direction will be deflected
towards the body by a small angle given by

B LRI D GEERBATHIAT A, EREUEARR R SR B ) RIMT B AR K
PR 51 I ROE B2 H A — P 77 . e R 2 R EAE T SO 18 LR L S
R AT — R M BB BRYIRES,  J7 Ml e Ol /N i

4GM

a = 2
rc

where G is the gravitational constant, c is the speed of light, and r is the distance of closest
approach of the light ray to the body. In this problem, we will study the principle of detecting
exoplanet by microlensing.

Hr G RAAGIIHE, ¢ BOE, r RGP R . XA, JATH
B 98 0 A 0 B RS LAR I R AT R ) R B

(a) Consider a distant star S located at a distance Ds from Earth E, acting as the light source.
Another star L of mass M and located at distance D, (< Ds) from Earth acts as the lens. The
lines EL and ES make a small angle g between them. Construct the following sketch in the
answer book: (al) the line EL, (a2) the line ES, (a3) the distances D, and Ds, (a4) the angle g
(remark: although this angle is small in practice, it should not be drawn too small for the
purpose of clarity), (ab) a line perpendicular to EL through L, acting as the gravitational lens,
(a6) the light ray from S to E, assuming that each of the segments between S and the lens and
that between the lens and E are straight lines, (a7) the deflection angle «, (a8) the apparent
angle @ of the star S as observed on Earth (relative to line EL). (3 marks)

FE DT EE S, SHER E RN D, (B, 5—RIEE L, BEA M,
SBHERIIEE A Dy (< D) , 1ENESL. 2k EL 1 ES [RIF/NAE N B, A2 i -
ZHPITFER: (al) 2k EL, (a2) £k ES, (a3) #iE DM Ds, (ad) MER (FE:
BIRGA L L EARAN, (HORIFREN, ANICELRERDN) , (@b —FEHT EL
s L gk, 1ER510iEs,  (a6) M S B E ek, e S AEE 2 (2B &

FEHEM E Z ML B ST MIEELZ, @) WiEfia  (a8) MHLEKWEAE S KM Mo
(FEXTFLEL) o (349

(b) Derive an equation for the angle @in terms of the parameters Ds, D), G, M, ¢ and £, assuming
that all angles are small. (3 points)

WS o R, USH D, D, G, M, c fil pRIL, TR MAEHRN. (34

1



2015 472 Bk = A1 K PR 4 R B BbR UG B i 9E Pan Pearl River Delta Physics Olympiad 2015

(c) Consider the case that the lens is exactly aligned with the source (8 = 0). The image of S
appears to be a ring known as an Einstein ring. Derive the expression for the angular radius
& of the Einstein ring. (2 points)

FREE B SRR (B=0) « SHERENIE, HAZKIHER, RS E
PRITE E) f A e I RE . (243)

(d) Calculate the Einstein radius for the following typical values:

AR S, TH 5 % DA 4%

M = 0.3 solar mass, Ds = 10 kpc. D, = 3 kpc.

Give your answer in milli-arc-seconds. You may use the following constants:

i LA milli-arc-seconds KIARIIE R . EATLMEH L TS5

G = 6.67 x 10 Nm?kg?, 1 solar mass = 1.99 x 10% kg, ¢ = 3 x 10° ms™, 1 kpc = 3.09 x
10" m, 1 radian = 206265 arc seconds. (1 point) (14})

(e) When the lens and the source are not exactly aligned, there will be two images of S. It is
convenient to express the angles g and @ in multiples of the Einstein radius &. Hence we
define u = eﬁ and y = ei' Derive the expressions for the angular positions y of the two
images in terms of u. (2 points)

LEBADCIEA TG X TR, S MAMAN AR TR, RATLLEZRETE L G

BB A B F0. TRIRATRE Ly §$Dy91 RIESTHALGIAE y, L

E

E

URm. (249

(f) To study the effect of the finite size of star S, we introduce Cartesian coordinates on the
plane normal to ES and through S, with the y axis lying in the plane containing E, L and S.
Consider the corners (0, u + 9) and (o, u) of a square on the surface of star S (6 << u).
Calculate the coordinates of the two corners of the two images when viewed from Earth. (2
points)

NEFEE S ARRK/NRIF N, FRATERET ES Ml S i B, sIN-—FHEA
Aty Hoby Bz TS E, LA ST . FREE SR E—IETTERIAQO, u +
8 and (8, u) (<< u)o RITEMHIRMERS, PRI A B R. (27

(g9) Calculate the areal magnifications of the two images of star S in terms of u. Following the
practice in astronomical observations, give your answer in absolute values. (2 points)
R S MR EIHABURE, ELL u Rk, RSO I8, i A4 E A%
. 2%9)

(h) In practice, since the images cannot be resolved, astronomers measure the sum of the
magnifications of the two images. Derive the expression for the total magnification. Describe
its behavior when star S is remote (u approaches infinity) and when S approaches perfect
alignment with L and E (u approaches 0). (3 points)

Khr b, HTEEAG P, RICFF R MENADBRRTBORE RS X1 3 TR
RERRIEN, AR S fEmitht (uiEaiatyi X, KE SEIEXNE LS ER(u
i 0), BIBCKERMATN. (370

(i) A planet P of star L has mass m and is located in the plane of E, L and S at the same distance
D, from Earth. EP and EL makes an angle &,. Derive an equation for the angle & taking into
account the gravitational lensing effects of both star L and planet P. Expressions in the
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equation should be written in terms of the parameters D, Dy, G, M, ¢, §, m and &, assuming

that all angles are small. Simplify the equation by introducing the mass ratio q = T and the
M

.. 0 0 .
rescaled positions u = —, u = i, y = — . (3 points)
9E E eE

B LFAATEPAMT E. LA S E, HEEHNm, SHhEkIESRE LFN D,
EP 5 EL HfE NG - FEEE L ATE P HHENGIJIESRIEM, RIS Mom e
X, APWFRIAEKXN L Dss Div Gv M. ¢ fv mAIG Rk, AIMEEATH RN,

N g = T AR, - Z_ o= 2oy e T TR, (34D

() In typical exoplanet detections, there is a motion of star S relative to star L. As star S
approaches the closest distance to star L and moves away, u decreases with time to a
minimum value up and increases again. By plotting the magnification of the image of star S
versus time, one observes a smooth and relatively broad peak in the magnification curve due
to gravitational lensing by star L. In addition, one can observe a side peak due to the presence
of the planet. For q << 1, estimate the width of this side peak, that is, the range of u in which
the side peak is significant. (1 point)
MM RAMT RN, B SXTE LAMYiEs). £ SEEAE L ERMIER, R
JEETT, AR u B AP R /IME uo 85 RN, JEE S SRR 5] ) 5¢
R, BORFMZ BT S — AR R g, ZhE L K5 EsE
HIERET . 34k, JATTAT OB R — Mg, 2 AT BB . X T q << 1, Bt
XAMMUEE 58 52, e v LU 25 B u B el . (1)

(K) For q << 1, consider the situation that light rays pass very near to planet P, so that the
gravitational lensing by star L becomes relatively insignificant. Calculate the position of star
S where the total magnification of its image diverges, and the behavior of the total
magnification in the neighborhood of this location. (3 points)
4 q << 1, FEOGLARFFEILATE PREN, MEXEHTE L iG] JiE S AE AR
RE5. WiHHESE S BEBIEBRE KN 2 S KA E, MXALE i SRR AT
HNo (34)

E QE

2. Cosmic Gravitational Waves (28 points) =8 5| J7i% (28 4%

In March 2014, scientists operating gravitational wave detectors in the South Pole claimed that

they found evidences of gravitational waves originated from the early universe in the cosmic

microwave background radiation. While the evidence is still being debated, it is interesting to

understand how gravitational waves interact with electromagnetic (EM) waves. To approach this

issue, we start by considering how molecules scatter EM waves.

2014 F 3 H, BAFEWSI BRI ESHRER, FARE T E s SR, KIkE

T8 B 51 J R . BARIERIEAFE S, H 7RG i an £ T Rtk (EMD

PR DA . 7 ACFIXAN R, JRATE 5675 R 1 A AT B R I

(@) An oscillating electric dipole consists of charges oscillating at an angular frequency .
Specifically, the charges are Q(t) = +Qpcosat, located at (x, y, z) = (0, 0, £s) respectively.
What is the current between them? (1 point)
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— MRS AN T, BE AR ok e . BRI, A als Q) =
+Qocosat, 2T (X, Y, 2) = (0,0, £8). EAIZEIFIHEFRATA? (140

(b) In spherical coordinates, we denote the components of the magnetic field as B, Byand By, as
shown in figure (A). Calculate B(r, 6, t) according to Biot-Savart’s law at time t and distance
r from the origin making an angle @ with the z axis. Note that due to the finite speed of light c,
the magnetic field at a distant location is due to the time-changing current at an earlier instant.

Hence the retarded magnetic field takes the form B(r,t) = B, (r)cos( wt - kr +y ), Where

k =2 is the wavenumber, and w is the phase shift. Express your answer in terms of the
c

magnitude of the dipole moment p = 2Qs in the limit s approaches 0. Below, your answer to

this part will be denoted as Bgs(r, 6, t). (3 points)

FERRAARR Y, FRATTEL By, By H By Znimf &, Wi (A Fis. RAEERE - 774k

IRER, IR Byr, 6, 1), Ko r A E SR ANER, oiES 2 Mg snf,

tONIA]. JER, HTOGDCAIRER o 14k, Rt 2 U5 T 2 — BRI 2 B i
CHHUBER A1) o Bk, ZEWAHTER B (rt) = B, (r)cos( ot — kr +y) , FHrp

k=2 RBEH, Ty, SRiEMENE p = 2Q0s £k (BUs&T 0k .
Cc
T, PREEIXE IS AR~ A Bes(r, 6,1).  (34))

(A) 2 ®
A | Z,;
B | I,/
¢ L,
| /
/1 \Bg | /// '
1@//
>y /7d0
| //
14
v
X

(c) However, Biot-Savart’s law is only applicable to steady state currents. It is incomplete even
after including the retarded nature of the oscillating current. By considering the wave nature
of the magnetic field, the complete expression of the magnetic field is given by

B, R - EAURERRENTRESHER. 258 7Rl EREEER S, €
AR . I F SR R, Se R RIE A S

B(r,0,t) =B (r,0,t)+B (r,0,1),

wave

where H

u, (Td r\1dlx ¢
B e (r,@,t):4”CJ Lgl(t—;}J . .

Derive an expression for the B component of Byave at (r, 6, t). (3 points)
RIS Buae 76 (1, 6, O By M EIFIER. (340
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(d) Compare the amplitudes of Bgs and Byyye at large distance r. Derive the condition of r such

that Bgs becomes negligible when compared with Byaye. (2 points)
Hf,ijz BBSﬂ] BwaveEEE% r?EﬁCHﬂLE‘JfFE}EO iﬁjﬁ%"“ BBS*H Hﬁ Bwavegz?gf%ﬁz:/%ﬁﬁﬂ" 9\%:":
rivgfE. (245

(e) At large distance r, the electric field at (r, €, t) is mainly due to the electromagnetic induction

(f)

by the magnetic field Byave. By considering the electromotive force along the circuit shown in

0E 0B oE, . .
2 and —= . Here, —% is known as the partial
or ot or

derivative of E, with respect to r, meaning that other variables such as ¢ and t are considered
o8B
t

figure (B), derive the relation between

[

fixed. Similarly, is the partial derivative of B, with respect to t, with other variables

0

such as r and @ being fixed. You may assume that only the E, component of the electric field
is significant at large distance r. (3 points)

TEHRTS v ARCHE, FE(r, O, DM BT Buawe I LR . I EBIAEE (B)
A, Wwies 28 58 v mp A, xE, 25 oy EAINMT 1 i

or ot or
%ﬁ,%%%E%%%ﬁeﬂt%@%%ﬂ%%oﬁﬁﬂ,%%%Bﬁﬁﬁﬁ%ﬁ%ﬁ,

S EoE HAR AR R v Ae NEER) . KR DMBCRAERE R r ARKI, HIB{UH EgnE
eRER. (37

At large distance r, the electric field is given by E, (r,6,1) = A9)

cos( ot — kr) . Find A(0). (2
points)
TEFEE r AR KIS, HNE, (r.0.1) =

A(9) cos( wt — kr) o RFKH A(G). (27

r

(9) The magnitude and direction of the power per unit area of the EM wave are given by the

Poynting vector. Calculate the time-averaged power per unit area at large distance r. This
will be denoted as the radiation intensity I(r). (3 points)

FEL T A BT AR A 3R D2 B R/ A5 1], S22 Poynting SREESS E /. i SAERE &
r AR,k A T AR 2 I [B] P 2 AL R Th 2 IR AR S IR 1(r). (373

(h) When an EM wave is incident on a molecule, its electric field E will drive the molecule into

an oscillating dipole moment given by p = aE, where « is the polarizability of the molecule.
In turn, the oscillating dipole will radiate power. This is called a scattering process. Consider
an EM wave incident from the x direction, given by E;j = Exocos(at — kx). If Exo is polarized
at an angle & with the z axis, calculate:

MBS IR T, Y E 2z T ARSMENRE p = of, Hhatizsy
THINRACSE . BEZARNEN TN ThE . g g a5 B BN x
JITARE,  HEj = Exocos(at — kx)4i e 5 Exo KIMRIRTT 1715 z Bl JZ 4, it 5.
(h1) the intensity I«(r) of the radiation scattered to the z direction,

B 22 7 7 1A AR ST 9 B2 1 (),

(h2) the electric field polarization of the scattered wave along that direction,

%7 1] AU 0 FL 3 D 5 170 »
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)

(h3) the intensity (l«(r)) of the radiation scattered to the z direction for an unpolarized
incident beam (that is, the polarization angle & has a uniform distribution). (3 points)
FEmIRAS AR CRIMRAR A G351 040D B 2 2 7 M EE S (). (349
Next, consider an EM wave incident from the y direction, given by E; = Eyocos(at — ky). If
E,o is polarized at an angle &, with the z axis, calculate:

RO, BREHRIM y TG, i E; = Eycos(at - ky) At . 2 By MR 145 2
R L, T

(i1) the electric field polarization of the scattered wave along the z direction,

W 2 77 ] BRI i 3 D 9k 7 1+

(i2) the intensity (ly(r)) of the radiation scattered to the z direction for an unpolarized incident
beam (that is, the polarization angle &, has a uniform distribution). (2 points)
FEmIRAS AR AR Q351 040D B 2 2 7 M FE S (). (249
During the rapid expansion of the early universe, gravitational waves are formed. They
consist of quadrupolar temperature oscillations, meaning that the directions of the maxima
and minima of the oscillations are separated by an angle of /2. Hence to analyze their
effects on EM waves, we consider two incoherent incident beams of EM waves of the same
frequency a/2 7, one from the x direction and the other from the y direction. The amplitudes
of their electric fields are E4 and Eyq respectively. Suppose the EM radiations in the x and y
directions correspond to temperatures T + AT and T respectively (AT << T and is positive).

What is the ratio %? (1 point)

R R, TR 0. e aRIRE RS, B ER AT X EWER
BN RAE A e MBI T7 18] LA A2 253 TT . DR, B dr e ATnt s sk i) i, 3k
1175 R AR [N ol 280 AE AT A, —3FORE x 7w, H—WR kA y J7H),
FLAL I MR B2 3 0] 02 Exo M1 Eyoo MRBCAE X Ay 77 1) ) RGBT 70 0l 6 B TIREE T + AT

T (AT<<T, BEEM . Wos mrrzr (14

o)

(k) The degree of polarization of the scattered radiation is given by T 3/ B 8 5 1w 5

(1,.(r)- <Iy(r>‘

<Ix(r)>+ <Iy(r> .

Calculate IT. What is the direction of the electric field polarization in the scattered wave? (2
points)

BTHRTL. SUMNAR S P R IR T 2 a7 (290)

{THE END 52)



