Pan Pearl River Delta Physics Olympiad 2009

Part-l Z8—%&

Q1 /# 1 (8 points 8 43) Solution fi#:

For resistance R, only half of the area is conducting, as the other half is blocked by medium-2.
Let the voltage between the plates be V, then the electric field

FeoREHR - /MVE-2 AN EE » FIARA—FEERESE - Wik ZHRVERS V- Al
E =V/d, (1 point 1 57)

The current density is R &E B J =o,E, (1 point 1 57)

. 1 S .
The currentis &) & | = EJa2 = %Ula' (1 point 1 47)

So the resistance is [RHEEIHE R = \T/ = 2d

77)

For capacitance, it can be treated as two capacitors in parallel. The capacitance on the right is

FRESR - REEEEELOMEREH - GENEER

5051

C = 2

. (1 point 1 47)

For the left half, let the electric displacement be D, which is the same throughout the region.

e » SEABE D, B EE - (1 point 1 77)
The total free charge on the left half is

B B AR S

2

Q_?D (1 point 1 47)

The total voltage between the two plates is

WA B AR < R AR B R
Eld —Ed— d D(— —) (1 point 1 47)
2¢, g &
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2
So It C, =22 &%

H
& té&

2
Cc=C,+C, =22 |4, &% | (1p0int14Y)
d (2 g+eg
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Q2 A 2 (10 points 10 47)  solution f#:

(@) Let the mass of the blackhole be M, then
SHRFENEERM - Al

GM Vv?

r? r’

So Atk /GTM =V, (1 point 1 47)

n :—%. (1 point 1 43)

(2 points 2 47)

(b) Let the areal mass density be o, then

CHER#EE o Al

2 2
G’?fr = VT (2 points 2 47)

So At VGror =v, (1 point 1 47)

n:%. (1 point 1 47)
(c) Anything reasonable is fine. It DOES NOT have to be dark matter.
EA A —E B AR T - A —EFEFYYEART] - (2 points 2 77)

Q3 /&H 3 (10 points 10 47)  Solution fi#:
Method 1: Using conservation of energy

FiA-L s MIHRE RS

Equations J5F&: y
2
m
Mx, =-mx,, y, =(X, —x,)tang = (1+ M)x2 tan @

(1 point 1 43)

All coordinates are in the rest frame. FfiAALfEEY

0’

v

X1

=y 2. 074 2
HEfFIE2HE A -
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The total kinetic energy of the system is

HEENRE
1., 1 , 1 .,
T=="MX+=—mx;+-—m 1 point 1 4
5 MX;+2 MG + 2 my, (lp 77)
1. m? 1 1
:EMM2x2+2mx2+2mtan 0-x2(1+—) (1 point 1 57)

The total potential energy 4&Z45E
1
V = Ek[(x2 —x,)? +y2]-mgy, (1pointl4Y})

1 m m m
=—k[l+—)*x2 +(1+—)*x2tan? 0]-mg(l+—)x, tan &
> [( M) 5+ ( M) 2 1-mg( M) )

1 m 1
=~ kx’(l+—)%e
2 2 ( M) co

1 point 1 4
o (lp 77)

2
Using FIJF ax® —bx = a(x—i)2 —b—, we get 15
2a 4a

; ; 2
v =%k(1+g)2D 1 (x, - mMg sin 26)2 _ (mgsin®)

1 point 1 47
cos® @ k(M +m) 2k (p )

Make a transfer of coordinate HY Ak fZiss

X=X _MmMgsin 20 , (1 point 1 77)

> k(M +m)
We reach an expression for the total energy that is of the form of

T +V =ax’ +bx® +c which must be constant by energy conservation. Letx = Acos(wt +¢)

we get
T +V =aA’ cos®(at + @) +bA*@’ sin®(at + @) + ¢ = A*(a—bw’) cos® (at + @) +bA*w” +C .

For the total energy to be constant the cos®(awt +¢) term must be zero all the time, which
leads tow® =a/b.

HMEIEEERNREXNBT+V =ad+b’+c - RNEERSFEAERESFE - ©
x= Acost+¢ ) 15

T +V =aA’ cos®(at + @) +bA*” sin®(at + @) + ¢ = A?(a—bw®) cos® (at + @) +bA’w’ +¢

TR £ cos® (ot +¢) BAHRE - At o’ =alb -
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Therefore, the oscillation frequency w in this case is
1 BB RGHIIRR o

m

miy. 2
) k(l+ﬁ) / cos® @ K 1+ﬁ K M +m

w = = — __( —
I\r/lnz+m+m(1+|\r;|])tan29 mcosze+(1+%)sin20 m\M +msin"¢

]. (1 point 1

1)

1

For 8=0,wehave &60=0 5w’ =k l+—
m M

] (1 point 1 47),

2

For 6 =90°we have & 6 =90°" {5 0" = (1 point 1 47)

k
m
Method 2: Analytical Mechanics J57£-2 : 73f7 12

e Fspring=-KX1/c0s0 N

>

X1

Xa mg

o

Force figure JJ[E (2 points 2 47)

Equations 7512

m;l :—k—xlcose—Nsin ¢9+m.>22,

cosé
X1 is in the frame on the slope. x; JEAHEFELR AV ALEE - (1 point 1 47)
y, =X tané
m;zltan@:Ncose—mg—kxltane (1 point 1 47)
M X2 =—(Nsin @+kx) (1 point 1 %})
Process fi# 7 i2 312

Step 1: Eliminate X2 2581 1 3425 X

mX: =—kx, —Nsin 0—%(Nsin 0 +kx,)
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m;ltanez N cos& —mg —kx, tan &
Step 2: Eliminate N SHEE-2 L HEN

o m ) m
mx:+ (1+—)kx, =—=Nsin 81+ —
1+ M)X1 ( M)

m;ltan9+mg+kx1tan9: N coséd

Which means #3712 15:
m0059;1+ cosO(l+ %)kx1 =—sin O(1+ %)[mtan 0;1+ mg + kx, tan 8] (2 points 2 47)
By assuming x, = Ae'*, the oscillation frequency  is obtained

SRfE X, = Ae™ » BIER

m sin® @
k(l+-—) cosd +
k M +m
w? = M cos 0 :—( j 1 point 1 4
m,sin’¢ m\{M +msin®@ (p )

cosf+(1+—)
M~ cosé

For =0, we have & 6=0 ’?%‘:wzzk(£+ﬁ] (1 point 1 43),
m

For 6 =90°we have & 60 =90°: 15 w® = (1 point 1 43)

Q4 7 4 (10 points 10 47) Solution fi#:

i(kz—at)

(a) Let the magnetic field be B(z,t) = B,e . The k-vector of the wave isk =Kz, .

Using the equation V x E = —g—? ,

. \ = 0 5 Ai(kz-o = O e = 8I§
StpmmEESEB(Z,1) =Be' ™  kZBBK =K, - FIFFTEV=E s

- |
we get 75 B(z,t) = kxE@Y (L point 1 53)
w
= £ EO (ZO X )_(O)ei(IZZ—a)t) — E EO y’oei(ﬁz—wt)
@ w
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So At B, =550y0. (1 point 1 47)
w

(b)  Note that ﬂﬁﬁﬁ:%\/&i% /&EkR+ik,.

&g,

So 5<S =< (E x B) >:2iRe(Ex B") (1 point 1 43)

Hy Hy
E(? = . —2k 1k 2= -2k 1 2= -2k
= 7. Re(k, —ik )e ™™t = — R E7 e = EZZ e* .
Z,an) 0 ( R |) Zﬂo a) 0“0 2,LlOC 040 1 pomtléi\)
Q\/; Ho
c .
(C) =_d <S> _ k|kR Eozefzklz :E—ggo EOZe—2k|Z =EE02€72|<|Z ) (2 pOIntS 2 éj\)
dz Ho@ 2y 2

(d) Joule Heat HF#L = < JIE >= % Re(J(E") :%Re(ﬁ[ﬁ*) = % EZe?* (2 points 2

1)
(e) The energy loss of EM wave is equal to the Joule Heat.

LR AE EVIRAR T T ERIIEN - (2 points 2 77)

Q5 (12 points) #H5 (12 4y) Solution fi# :

(@) First law £/ —EE: dU =-PdV +6Q.

The equation of adiabatic processes is 4EZEFERY 25
5Q=dU +PdV =d (3PV)+PdV =4PdV +3vdP =0 (L point 1 43)
= PV *?® = Constant

= PV*? =y (1 point 1 47)

(b) In the Carnot cycle fF G GEREFE T

Isothermal Adiabatic Isothermal Adiabatic

(P.V.) = (RV,) = (RV;) - (RV,) —» (RV,).
Isothermal = Z£}5 ; Adiabatic = 42k

7
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The heat supplied to the gas during the first isothermal process is
5 — BRI R T EAE B
Q =3PV, —3RV, +jvv RdV =4P,(V, -V, ). (1 point 1 43)
(c) Similarly, the heat supplied to the gas during the second isothermal process is
25 SRR R T EAE R

Q, =4PR,(V,-V;). (1point14})

PlV24/ 3 — P2V34/ 3

sz44/ 3 — Plvl4/ 3

(d) From (a) we have Hi(a)5: (1 point 1 47)

By definition g1/E

L _ _& _ R (Vz _Vl) __ le P23/4 (VS _V4) _ F)lll4 (2 points 2 4%)
T, Q PR(V,-V,) P(V,-V,) R P

Therefore, one may define the absolute temperature by T = AP, where A is an arbitrary
constant. Since T=1when P =1, T =P"*,

RELRMTTUERSRIERAT = APV - Hob A BER RS- P =1 15 T=1.{3T =P* -
(1 point 1 47)
(e) The internal energy is then NEEEU =3T*V . (1 point 1 47)

Hence the heat capacity is K[ 2E =5 C, =@—lTJj =12T¥ . (1 point 1 53)
V

()  Theentropyis f§E S :J.OTCV (ill_—Tzlzvj'OTTsz = 4T =4P¥% . (2 points 2 4})
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Part-1l 25 —%&

Q1 (16 points) #H1 (164y) Solution fi# :
(@) Consider a thin layer of gas of unit area and thickness dr. The pressure at r should be

n
5 . So we

larger than the pressure at r + dr in order to balance the gravity

dP  GM mn
have — =— >
dr r

HREHERLS v fE— L RS dr HYBRALEFRAS © £E r RAYSRBRMELELE r + dr BZHYK

, Where n is the molecular number density of the gas.

M _
B T AR S g oﬁtﬁz—i):—G ST S A

o> TR - (1 point 1 57)

We also have the ideal gas law P = nkT,. Replace P with n we get@ =— G::{:_Sm d—!
n o T
. o . e dn  GMmdr :
SyAERARITRE P=nkTo - 4 P i n fUA > %7 . (1 point 1 57)
0

Finally, p = p,e*", where o = GM,m.

KT,

= o/t GMm
&t p=pe”" » Eifa= o (Lpoint157)
0

(b) Whenr—>w, p—>p, instead of zero. That means the gas ball is infinitely large,
which is unphysical.

Er—>0 0 p=>p A EE - BEEWE RENKEERAN - AFEERENR - (2

points 2 47)
(c) The amount of energy per second through any concentric sphere shells should be

constant. That is, J, =4zr’l .

ST BT E—EE OB B S - TR, =47r’] - (1 point 1 57)

Then f¢ & =1. (2 points 2 47)
(d) 1(r) =—ad—T,so Jktd—Tz— %o ~, (1 point 1 4¥)
dr dr dror
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Then HFEET = —0
ol

The integral constant should be zero, as T should be zero at large distance.
R R AE I ES o m S R - Fr AHTE D EE AR BT E B A RS2 - (2 points 2 77)

(©)  Again EIIRIRELF, S = -2

kn . Replace n by P in the first equation, we

But now P=nkT(r)= ‘]0
dror

dP _ 4zGM,moP

et— =
J dr kJ,r
RAEP=KT(1) =7 2—kn - 5P fiA N ﬁ‘;_P:_‘mﬁi\;'—smap (1 point 1 43)
r
0
r)” 47GM._mo
which leadstoP=PR,| — | , where f=——"—.
I kJ,
rY)’ 47GM . mo
?ﬁéﬁﬁ%P:Po(—j s B p=—"——5"" o (1 point 1 47)
I kJ,
dzomrP. (1)
- o) . (L point 1 47)
kJ, I,

This time P and p go to zero at large r. IRAFHY P FlpfF fEES iR B2 -

()  From the surface temperatures of the planets we know today we estimate that ry is
about the radius of the orbit of Mars.

FHERAE ST 2 RYR AR E A A HERIAI DK 2 HY#EIEAEAT - (2 points 2 77)

Q2 (16 points) ®H2 (16 57 ) Solution f# :

(@ The number of electrons crossing the junction per second is I/e.

T A S AR EE T8RS e - (1 point 1 57)

On average, there are (¢ —0.5)1 /e electrons flip their spins.

P (@ —-0.5)1 /e HIEET-HYH igS i - (1 point 1 57)

The net angular momentum change per second is then (e —0. 5)4|—h><2
e

10
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Y7 =} NSRS 7 Ih H
EVEABENFELE (o —0-5)E><2 > (1 point 1 57)
This is equal to the torque soz = (« —0.5)L l.

2re

FIB R FILEET Sy ¢ = (a—O.S)% | - (1point123)

2
(b)  The equation of motion is J d—f = —nd—e—/ce.
dt dt
e T B Y ) déo . R
SRR TR Fro —na—rﬂ? > (1 point 1 77)

LetO(t) = 6,6, where® is complex,
£ 0(t) =0, » Hrh o FHEE > we get 15(1 point 1 473)

& —iyd—w; =0, where ol =«x/J, y=n/J.(1pointls})

Let &=aw, +iw, and solving the equation, we getd = ,e '™,

L o= +io, > FHELITIE > 150=0e""e" > (1point14})

Where o, =y /2, (1 pointl45y) - g :m. (1 point 1 47)

(c) Thisis a forced oscillation with the force given by z(t) = (« —0.5)% I, =7,e"".
iEElE s aREN R > SRR o(t) = (06—0-5)% e =7, (L point143)

2
The equation of motion is Z#H & 512 5 J :IT? = —nz—f—m% z(t) . (1 point 1 57)

Let < 0(t) = 9,e'*, (1 point 1 57)

7,/ J

2

we get the oscillation amplitude 6, = -
Wy, — o +iyw

/4 =3 7 /\] .
SIRIMEE S 6, = # > (1 point 1 4%)
o} — o +iyo

The speed of the side wing is #ZHYZEE B v(t) = iod e, (1 point 1 4})

and the electromotive potential is ZEHEE4 & &(t) = BLv(t) = iodBLE,e™ - (1 point 1 43)

11
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Q3 (18 points) RH 3 (1843 )  Solution fiZ :

(@)

(b)

(©)

(d)

The magnetic dipole experiences a torque 7 =Mx B, which is always perpendicular to

the S~Z, plane. The torque will turn the direction of S so S rotates around B, at

constant angular speed.

VAR T2 EI SRS T = Mx B, » HJF A4 ELS ~ 7) SPRITE B - JIAHREE S (Y5
A 0 NI S 4% B, LIS A e - (1 point 1 53)
Let the angle betweenS andZ, bed. The torque ismB,siné = uSB,siné, while the
change of angular momentum over time & is6S = Ssin85¢ .

4 S Bl7, 7 RRAEFE % 0« RITIAEAI AN mBysin @ = uSBy sin@ > i FaEh &AL
0SS =Ssind5¢ - (1pointl 47)
Since BtZA Ssin85¢ = 5S = uSB,sin st (1 point 1 47)
We have {115 o, :% = uB,. (1 point 1 43)

In the reference frame rotating at angular velocity @,7Z, =—uB,Z,, the spin appears

stationary.
LIRS 0,7, = —uB,Z, JelE 2 M AE - HieZ A8 - (2 points 2 /1)

The effective B-field is %55 B, = ~ @ (2 points 2 43)
7

In the rotating frame of —@,Z,, B, also appears static.

ELUFHIE —o 7, FE S A - B2 REHY - (1 point 1 53)
Let it be along the X’ axis in the rotating frame, the total B-field is

é = (Bo —ﬂ)fé + Bl)_(.tl)
y7]

< BB SR A3 X JiiE > IR B = (B, ——1)Z +B% ° (2 points 2

12
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(€)

()

In this case, onlyB,X, remains. The spin will rotate around theX, axis at angular

speed o = 4B,
BRI AR BX, « EIEEEELIA MY o = 1B g% > (2 points 2 47)

and the time to flip the spin is £l 5 HEFr RIS Bt = %2—” = ﬁB . (2 points 2 47)
a)l ﬂ 1

In this case the spin will rotate around the total B-field given by (c) at angular

2
speed w = y\/[BO —Q] +B/.
Y7,

2
ERFHISHI(C)4EH - BieRVARER o = /1\/( B, —%j +B; (3 points 3 57)

13



