Pan Pearl River Delta Physics Olympiad 2009

Part-1 38 —%&

Q1 #& 1 (8 points 8 ") 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

HEREAR NE2TEHE  FIURE—¥NEEREE. SMIRZENERSE 1V A8
55

E=V/d, (1 point 1 %)

The current density is BRBES/ =L | (1 point 1 2)

2
The current is B ; _1 ;. _a" V. (1point 1)

2 2 'd
So the resistance is BN EEB - . (1 point 1 7")

Io1

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

B sosla . (1 point 1 43")
' 2d
For the left half, let the electric displacement be D, which is the same throughout the region.
EEYE , SENUBED,, BEUBEREME. (1 point17)
The total free charge on the left half is

EXBNRBEHRERR

Q——D . (1 point 1 43")

The total voltage between the two plates is

EERZENBERT

V=1Eld+lE2d=iD2(i+L).(l point 1 ﬁj\)
2 2 2

0 & &
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So B 5% &8
2
d & +¢,

2 .
c-C -5 (%+%).<1pomuﬁ)
1 2
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Q2 & 2 (10 points 10 ") solution f#:

(a) Let the mass of the blackhole be M, then
STRAEANEEF M, Al

GM v , (2 points 2 73')

2
r r

So Atk (1 point 1 43)

— =y

n——— (1 point 1 43)

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

CHERZRERO, R

Gmor® v, (2 points 2 43)
I"2 r

So HItt VGror =v (1 point 1 2')

— (1 point 1 73)
(©) Anythlng reasonable is fine. It DOES NOT have to be dark matter.
FAE-—EEHWERERIT , T—EFBEWEFT, (2 points 2 )

Q3 #& 3 (10 points 10 73) Solution f&:

Method 1: Using conservation of energy

FE-1 FMRAEETE

Equations 5 f&:
Mx, = -mx,, y,=(x,-x)tand=(1+ %)x2 tan @
(1 point 1 77)

All coordinates are in the rest frame. BT & 2 {2 HL

BREL2RA,
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The total kinetic energy of the system is

HERER
1. ., 1 5, 1 , . R
T=5Mx1 +5mx2 +5my2 (1 point 1 77)
2 3 VAN
=1Mm—2563+1mX§+lmtan20°x22(1+ﬂ)2 (1 point 1 73)
2 M 2 2 M

The total potential energy A EEE:

V =K - x)* +yi]-mgy, (1 point 1 %)

1 m m m
= Ek[(l + H)ij +(1+ ﬁ)zxz2 tan’ 8] - mg(1 + H)XZ tan @

1 m
=—kl(l+—)" ¢
2 2 ( M) cos’ @

-mg(l+ %)x2 tan & (1 point 1 73")

Using MA 2 _p. _ a(x—i)z b wegetfd
2a 4a

1 (x, - mMgsin26,, (mgsin 0)* (1 point 1 73)
cos’6 " k(M +m) 2k

v = Lras ™y
2 M

Make a transfer of coordinate HY 22 12 {2

. — mMgsin26 (1 point 1 7)
2 k(M +m)

We reach an expression for the total energy that is of the form of s s
T+V =ax"+bx" +c

which must be constant by energy conservation. Let we get

x = Acos(wt + @)’

T +V = ad’® cos*(wt + @) + bA*w* sin®(wt + @) + ¢ = A’ (a — bw*) cos’ (wt + ¢) + bA*w* + ¢

For the total energy to be constant the term must be zero all the time, which

cos’(wt + @)

leadsto :
w =alb

RMBHBRENRERXNBT+V =a +b"+c, HEE

filo
Iy
]
Y
=™
Him
o
m
Jk
=
AP

x = Acos(wt + @) > 5

T +V = ad® cos*(wt + @) + bA*w* sin®(wt + ¢) + ¢ = A>(a — bw*) cos® (wt + @) + bA*w* + ¢
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BB , tRXcos’(w+¢) BHREAEBRE, Htow’ =alb,

Therefore, the oscillation frequency w in this case is

HEXBRERNIEROE

m m
k(1+ )" /cos* @ 1+—
k k M )
W = _ M — =_ A{n =_(M +7‘nzg).(1pomt1
W+m+m(l+ﬁ)tan26' mc0520+(1+ﬁ)sin26’ m\ M +msin
)

For g_g.wehave B g_ , ’§w2=k(l+L) (1 point 1 73,

k
For 0 =90° we have & 6 =90° , 18 @ =~ (Ipoint127)

Method 2: Analytical Mechanics 5 7&-2 : 2047 28

N Force figure IE (2 points 2 5')

Fpring=-kX1/c0s0

mg

Equations 77 72

|
cosd

cosd- Nsind+mxy’

mxp=-
xi is in the frame on the slope. x, @A BRI ERV R L LR, (1 point 1 &)
Y, =x tand

. R
m x tan@ = N cos @ — mg — kx, tan & (1 point 1 77)

Mxy=~(Nsinf+kx)) (1 point 1 57)

Process f# 5 121812
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Step 1: Eliminate °~ EB-1 : JHE 7
X2 X2

mx1 = -k, —Nsinﬁ—ﬂ(Nsinrﬂkxl)

M
mxitand = Ncosd-mg - kx, tand
Step 2: Eliminate N~ -2 : SHEN

* m m
mxi+(L+ —)kx, =-Nsinfd(l+—
1+ ( M)1 ( M)

moxi tan +mg + kv, tan §= Ncos 4

Which means BE &5

meos £+ 008 ﬂ(l+;;)locl =Sl ﬂ(l+;;)[mtan B+ mg + ky tan ] (2 points 2 )

By assuming X, = Ae™> the oscillation frequency w is obtained

B = A" | BER

. 2
k(1+ﬂ) cos@+ 21 4 k M+m
W o M cosQ = ——|. (1 point 1 53)
m._sin“"6d m\M+msin° 0
cosf+(1+—)
M~ cos@

For g_g.wehave B g_ , ’§w2=k(l+L) (1 point 1 4),

m M
k
For 9=9O°wehave'§§'9=90°,%wz:;. (1 point 1 77)

Q4 #& 4 (10 points 10 73") Solution f&:

(a) Let the magnetic field be B(z,t) =B ei(l\?z—wt). The k-vector of the wave is; _ l;Zo'
) 0

xE=—%’
ot

Using the equationv

SHBNRERB g, ) p jEw o CREBB _[  NABRy, ;9B
° 0 ot
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we get ?eE'f];(Z ) = kxE(z,t) , (1 point 1 7"
w

- —-—

i(fe-ar) _ k

—Eye
w

k ‘
=—Ey(zyxxy)e iz
w

N k : VAN
So EH Itk B =XEy, (1 point 1 73)

(b) Notethatt%U}Eﬁl;=2\/;+ig ﬁEkR+ik,-
c 2\].980

—_————

SoB<§ o< (ExB)>= 2LRe(ExB*) (1 point 1 27)

Yy Hy
E, T N U U Iy
= z. Re(k, —ik,)e ™" =—— L E’z 7" = Elz e "° ; VAN
20,0 o Re(ky —ik;) 24, @ 020 2ty 020 (1 point 1 77)
a)\/— U,
—ANE |[— . VAN
.2 2
(©) g 48> _kiky pree 2O ¢ N pooue O g (2 points 2 43)

dz Uy 2 uw

###### 1 W O W O Y
(d) Joule Heat FEFEL = < JIE >= ERe(JDE )= ERG(EDE )= EEge (2 points 2 2)

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

BUREENBAXETERE, (2 points2 )

Q5 (12 points) RE5 (124 ) Solution fi# :
(a) First law 4 HEBE—FE: dU=-PdV + 80
The equation of adiabatic processes is B ZIBEN FEXE

8Q =dU + PdV = d (3PV )+ PdV = 4PdV +3Vdp =0 (1 point 1 27)

= PV*? = Constant

— pyr _FB (1 point 1 7)
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(b) In the Carnot cycle EF#AERBEH:
Isoffjermal Adjgbatic Isofbermal Adjgbatic
(B.1) = (B.1) = () = (BI) = (B.1)

Isothermal = £ & ; Adiabatic = &8 &

The heat supplied to the gas during the first isothermal process is
E—EFSBEBEPRUNBER

0, =3BV, 3PV, +f;2113dV=4P](V2 ~%;).(1 point 1 )
(c) Similarly, the heat supplied to the gas during the second isothermal process is

F_EFRBEPRUNRER

0, =4p,(v,-v,). (1 point 1 5)

P11/24/3 - ])21/34/3

(d) From (a) we have Hi(a)f§: s _
BV =PV,

(1 point 1 73)

By definition FHE &

T 0 _ RUA-V)_ BR(-V) B (2points 2 %)

, 0 B(l-%) r(V,-v) B"

Therefore, one may define the absolute temperature by 7 = 4p"#, where A4 is an arbitrary
constant. Since 7= 1 when P= 1,7 = p'4.

ELhBEMITUERBERT = 4P" HPAREREB. BHP=18 =1 ,87=-P".(
point 1 73)
(¢) The internal energy is then RAER U =3T"V | (1 point 1 73)

Hence the heat capacity is Bt REBR ¢, - (ﬂ) —127°%v . (1 point 1 4)
oT ),

dT
(f)  The entropy is S =ijV T 12ijTsz = 4TV = 4PV (2 points 2 73")
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Part-11 B8 =%

Q1 (16 points) R& 1( 16 4" )Solution fi# :

(a) Consider a thin layer of gas of unit area and thickness dr. The pressure at » should be

. .. GMmn
larger than the pressure at » + dr in order to balance the gravity ———_. So we have
r

dP _ GM mn

dr P’

EZREMAG  BE—EER - NENERRE. & BREBELE -+ dr B K—
GMmn GM jmn
}"2 2

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

dP
B, fem P& ARSI D dr HeE =~ HPn RREND T

BEE, (1 point 1 73)

We also have the ideal gas law P = nkT,. Replace P with n we get dn __ GM m dr
n kT, r’

SERBRMSR L= T, $PAnRA, B __OMmdr q poin ) 43)
n kT, r

Finally, - _ = an,where , _ GM m
pP= pOe k]';)

B&B ) oo B o= M (1 point 1 9)
0 k]';)

(b)  When Fe>©0 pe>p, instead of zero. That means the gas ball is infinitely large,

which is unphysical.
Er-> , P> P MFRE, ERRERBREERAN , THESERBER. 2
points 2 73"

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

constant. That is, J, =4 TS

SVETBTE—EAROESRNEERESEE, LI, =471, (1 point 1 5)

4 4 JO .
Then £ 158 Py I' (2 points 2 7")
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(d 1(r)=_ad_T’S°Jttd_T=_i (1 point 1 93)
'a

The integral constant should be zero, as 7 should be zero at large distance.

HEEEEREEREARE A MMIUBBIELENEENXLERE, (2 points2 )

e AP GM mn
(e) Again Ejﬁﬂ]@ﬂsﬁﬁ,g= - .

r

J,
But now P = nkT(r) = —2
4mor

dP 4rGM moP

dr kJ,r

IEEP=nkT(r)=4J0 o ’PRAn, /EZ—I:——LMGIQJI—ST(H) (1 point 1 73)
o™ 0

4rGM ;mo

which leads to p _ p (
0 kJ
0

-
L) , where 8 =

%

B
ﬁéﬁ'ﬁ%P=};(i) gk p - TOMmT
o

o (1 point 1 %

W, (Ip )

_ 4mwomrF,
k‘IO

"

_) . (1 point 1 43)

This time P and p go to zero at large » REN P FpEREEZRE R T,

(f) From the surface temperatures of the planets we know today we estimate that 7, is
about the radius of the orbit of Mars.

HREERTENREBERM TR A ENEIEMEIE, (2 points 2 )

Q2 (16 points) B2 ( 16 2 ) Solution fi# :

(a) The number of electrons crossing the junction per second is //e.

BYEBRBRAENEFEE l/leo (1 point 1 73)

On average, there are (@-05)I /e electrons flip their spins.

10
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T @-05)]/eyBEFHERENRE., (1point 1 %)

Ih
The net angular momentum change per second is then (o - 0. 5)4—x 2.
e

BUEADHENFBLE (a- 05)—X2 o (1 point 1 43)

This is equal to the torque soz = (a - 0. S)LI
2Jze

ABENFECET hiET=(a- 05)—10 (1 point 1 53)

(b) The equation of motion is J d 26’ de
> dt

E%E?ﬁﬂ@ﬁ@jﬁﬁﬁjﬁ=_n dﬁ «B ° (1 point 1 73)
ar’ dt

Let 0(t) = 6, > Where&) 1s complex,
~— %
£0@)= Hoei@t Hrho 28 , we get 18(1 point 1 2)
@ —iyw-w? =0, Where E:EF'a) =x/J>y=n/J-(1point13)

Let ~ . and solving the equation, we get 0= eoe—wlteint ,

So=w,tio,  HFELRER  BO=0e"e""  (1point1 %)
Where;H\':F'a)[ y/2,(1point14) , w, /a)o_,_]/ /4 . (1 point 1 73

iwt

(c) This is a forced oscillation with the force given by z(¢) = (a - 0.5)2—10e =7,
e
. S h iw (7
ERESARDEE , BEHERTO=(a —0-5)2—6106 "=7¢" 5 (1 point 1 5)

The equation of motion is EE) F Jd_2‘9 _ _nﬁ _KkO+7(t)" (1 point 1 4"
dar’ dt

Let % 0(1) = G, " (1 point 1 9)

we get the oscillation amplitude g _ 7, /J .
W -’ +iyw
0

BRBEERg - 27 . (Ipoint1%)
W} -’ +iyw

11
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The speed of the side wing is BB EE B V() =iwd6e™ (1 point 1 1)

and the electromotive potential is EE)E B £(t) = BLV(t) = iwdBLe™ , (1 point 1 1)

Q3 (18 points)  #& 3( 18 % )Solution f# :

(@)

(b)

(©)

(d)

The magnetic dipole experiences a torque which is always perpendicular to

T =mxB,

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

constant angular speed.

BMEBRTFRINNERT=-mxB, HIEMBERKES~2 FHEHE, HERESHTE
M, Bt S &2 B LA EEREE., (1 point 1 7)

Let the angle betweenS and _ bed. The torque is

z, mB, sin @ = uSB, sin §° while the

change of angular momentum over time & is 5S = Ssin0op"

LS Ez 2ENRAF 0. BINENKNGmMB sinb = uSBsinb A E)E KBl
B0S=_Ssinddp (1 point 1 %)
Since BE#R Ssinbog = 6 = uSB, sinbot (1 point 1 4)

o]
We have &{f§18 @, = 5—¢ = uB, (1 point17)

In the reference frame rotating at angular Velocityw

, the spin appears
WZo = —UByz, P PP

stationary.

HELAARE 02 = -~ uB 2 BN ZREAE , HREETEHMN, (2 points2 D)

The effective B-field is ER#ER 5 _ _ ¥ . (2 points 2 7")
u

In the rotating frame of also appears static.

_a)lzo > B1

EURBEE -2 REBNSRBAE , BETHW. (1 point 1 )
Let it be along the X’ axis in the rotating frame, the total B-field is

—
- -

B=(B,- ﬁ)Z(') + le(;
7

12
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Ly ERBSRAEN X HE, WEHERp_ (5 O 4By e (2points2 %)
U

(e) In this case, only Bx remains. The spin will rotate around the N axis at angular speed
1770 0

w = uB’
ERNRE AR T B, BREEHNARE o = 4B iEE | (2 points 2 )

and the time to flip the spin is RIS EHEMEWEEE, 127 _ T (2 points 2 5)
2w ub

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

2
a)=,u\/(BO —Q) +B -
u
2

ERIREH OB, BENAEER - y\/(go_ﬂ) +B? (3 points 3 %)
u

13



