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Pan Pearl River Delta Physics Olympiad 2012

2012 FZ IR = A S 442 RO 2 BARIL 7 385 58
Part-1 (Total 6 Problems) -1 (3£ 6 &)
(9:00 am — 12:00 pm, 02-02-2012)

Q1 (5 points)

E =ymc?, where y = 1 ~ 1
SRR T e parp) T \2a-p)

So mc? = E4/2(1- ) <10-4/2-2-10"° =632¢eV. (4 points)
Upper limit _Ff&. (1 point)

Q2 (10 points)
W XY PR, BESPET TS (0, 00, FUSIUEMEE (X, y) o FA/NERSIE

Pah gL, FAVAE 48 9K 55T S IE T, sk e X-Y P ESZ KA mg Yy
mFRE (0, 0) o Kk, XI5k

2 2
Fo=—mg¥ Y X ——%mg (i)

» i

L /x2+y2 -

2 2
Y RIS N E, =—mg Y Y Y ——Ymg ).

NN —%g:x, _%g:yo

A
X(t) = A cos(at) + B, sin(at) , y(t) = A cos(at) + B, sin(at)

F(t)=x(t)X, +yt)y,» @=4/g/L. (2 points)

B BRI 41 T(0) = X% + YoV r F(0) =V, %, +vy0370, j
x(t) =X cos(a)t)+ sm(a)t) Yy =Y, cos(a)t)+ sm(a)t) (2 points)
As we only ask for examples, there can be many dlfferent ways. @ H H R ey 1, Prllnl i 25

sz

(@)  Xo=D/2, others are 0 H:4x 4 0. Then U x(t) :%cos(a}t) , y(t)=0. (2 points)
(b)  7(0)=RX,, r(0) = Rwy,. Then x(t) = Rcos(at) , y(t)=Rsin(at). (2 points)

(c)  F(0)=aX,, r(0)=bwy,. Thenx(t) =acos(at), y(t)=bsin(at). (2 points)

Q3 (9 points)
In the rotating reference frame, the force along the radial direction is 7E % AR R e S AR, U
AT R A
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 and Fr(R)zmng—GRﬂzo.

2

Mm
r2

F (r) =mo’r - G

After the impact, the total angular momentum is still conserved R4 J&, #f & A8R <¥1H:
0=d(@r?),_, = R°dw+2m,Rdr.
Let the orbit radius change by dr, then A#1i& (128 4k 2 dr

dF. (R) = ma?dr + 2,Rde+m 2o0m

= dr = -meidr .

(Note that without taking into account the change of , the force is positive and the balance is unstable.# J
TG o124t MR, JSCRIIEIZ S RRATT T, IR ARTH. )

This is a SHM with 045 R o DR R s sl 2 il IRa), 1R E08 k = may, so BltdRah i
W= ax.

The initial condition is ¥145 45144 v, =1/m, and fil dr = 0. Sodr(t) = sin(awpt) .
Ma,
x(t)=[R- sin(myt)]cos(at), y(t) =[R- sin(apt)]sin(ayt) .
ma, @,

Q4 (6 points)

Angular momentum is fighE A J =mriw/ 2.
Torque JJ%1 7 =mgRsin@, and pointing perpendicular to the paper plane 77 [
B4R,
The change of angular momentum is fizh = 122464 AJ = (I sinO)Ag.
Al 2gR
T=—0 — .
r‘e

=(J sin@)A—¢=(J sind)Q2. So Q=
At At

Q5 (10 points)
Let the image charge be at x on the X-axis A2 4% HL AT £E X-Hil_E x 4k,

D(R) = — ( q - 0 jzo
4rg, | JR? + X2 +2Rxcos® R +b?+2Rbcosd
= q*(R* +b” + 2Rbcos ) = ¢/ (R* + X* +2RxC0s 0)

ORI AR B O FR S AL, BT
q°(R*+b%) =g/ (R*+x*) (i),

0’b =g’x (i)

B b A, 15

X2 — 2 (RE+x) 2 +q'R2 =0 (iii)e

it £ A SR g =—a, b=x, BIHEERSMA AT R RSB B A B AT
TEBRIT A, ATERTH BRI B S, FTUAARER, &2 A g =-Rg/x, b=R*/x. X
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SRS AT AT B . (It is OK if answers are given without derivations. 254 ik G i H A7 %
FWARRI. )

In order to make the potential on the plane zero, we need two more image charges, namely g, =—q,at
—R?/x, and g, =—gat —3R/2. One can see that g, and gz combined will make the potential on the sphere
surface zero. One can see that g, and g3 combined will make the potential on the sphere surface zero. Jy T
I AR 0, TATHE I EZ AT, g,=-0,7E—R*/x, and g, =—q7E—3R/2. Ifi d2 -
Qs ErEE kAR AT BRI R #5oh 0. (2 points)

_n2 _n2
R AP P TR A . S —— R & ®
4zs, (x—b)’ " 4z, X(x=R*/x)" 47 (x*-R?)

IAESR q Y EH, it g WETF b BB AL B s (e . HIAE ) A8 i o7k,

0 2 0 A2 A2 A2
Wl = I Fldx= q R .f X 2 dX: q ( 2 R zjz q ( 4 ): q o (4 pOintS)
3R/2 Argy sri2 (XZ _ RZ) 8rey \d° —R 8re,R\9-4) 107g,R

PR, AR R BT AR R A AR g BreEfn B it g, 74, HAEA

G 1 —q R — Fﬁu E/Jqs ok _q2
= = = . N N W = .
4re, (d—b)  4ze, (d2 - R2) 57¢,R TR 57¢,R

IE SRR R 22 s D, 2 DR D B A (BB S A er (R B2 B T AR P
AT S0 e i 3 A w5 0 592002 F A L 0 R AR AR 20 R AML

W:dex_quT X dx= qz(ﬂ'j: a :
2 s 4re, 3R/2(X2+R2)2 8ms,R\9+4 ) 267gR

2 2
W,= | Fdx= | —dx=——1 (2 points)
3R/2 3R/2 1672'80 247s,

2 2
W =W, +W, +W, =q—(—1 i—ij 161 4% (1 point)
27e,R\ 5 13 12) 1560 7z50R

Q6 (10 points)
(a) Let c—g so that ¢, = cnR . The expansion is an adiabatic process, BZAK L FE A 4l 72, Bt

PV —con,

The work done to the piston is X & ZEA 1 D)4
A A
W = [ PdV =RV, [ VAV =RV, (1-x ) = g nRT,(1—x %) . (2 points)
V,
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Maximum work is K AW, =gnRT0, which is the total internal energy of the gas 2% T~ /A i) 5L N BE,
A2 AR TTA H B oK D). (1 point)

(b) % =In(x)+cIn(T /T,) =In(x) +c In(% (T, _Zr\:V_R)J

Put in the answer in (a) we get S A (a) BLIhFRIEL, ?%A—: = In(x) +gln(l—n+nz<‘2’3) . (5 points)
n

To see if AS is positive, let £ AS =cnRIn(m), som-1=(1-7)(x**-1)>0, and AS > 0. (1 point)
(c) When =1, AS =0, which is consistent with the fact that there is no net loss in internal energy of
the gas. 477 =1, AS =0, which is consistent with the fact that there is no net loss in internal energy
of the gas fF &k H HHIZ K AR IX — 25 5. (1 point)
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Pan Pearl River Delta Physics Olympiad 2012

2012 FZ IR = A S 442 RO 2 BARIL 7 385 58
Part-2 (Total 3 Problems) #-2 (3t 3 &)
(2:30 pm — 5:30 pm, 02-02-2011)

Q1 Stella Interferometer (8 points)

(@) The difference between the path differences of the two pairs of split waves is A=D-56.
When A= A4/2, the bright fringes of one star coincide with the dark fringes of the other.
PSP IBAE NN BRI ZE N A=D-80 . A A= A1 2N, B E4

405 Ty BRI A SR TR, bl D= = 20020400 4o (6
200 2-3.14-3-10

points)
1224 12224 1.22-180-5.0-10°”7

(b) 560= ,S0D = =
50 3.14-3.10

m=12 m. (2 points)

Q2 Y-particle (12 points)

(@ The two B-mesons should have the same momentum and energy because the original
Y-meson is at rest. The kinetic energy of one B-meson is

E, =%(10.58— 2x5.28) =0.01 GeV, which is much less than the rest energy of B-mesons.

So we can use E, =%m5v§ . Putting the numbers in we getv, = /% ¢ =0.0615c. As the B-

mesons are moving at low speed their lifetime change can be ignored. So
L, = V,7, =3x10°x0.0615x1.5x10™* = 0.028 mm.

BT Y A TREER, BB B A TRUZIRMSE, Ty M. BA TIEIAEY
E, =%(10.58—2><5.28) 0,01 GeV, SRR AN %, BT BA A ) 2%

1 NN " . , 0.01 v
azimﬁﬁib%ﬁﬁo%ﬁﬁﬁkﬁ%%a%ECﬂNM%Bﬁ¥%ﬁﬁEﬁ

T S FR) 2 T 2, Rk

L, = V,7, =3x10°x0.0615x1.5x10~** = 0.028 mm. (2 points)

(b)  Rough estimation: the speed of the B-mesons should be v,L /L, =0.44c, so we need
precise formula which takes into account the lifetime change. *HI& AL 11 B /11 1)k
JEA VLT Ly =0.44c , [T LU 255 FEAHRT 8 RN

L=— Y sovy=—C  _0.406c.

J1-(v/c)? J(cry /L)* +1
P = ym,v = 0.406x1.094x5.28(GeV / ¢) = 2.35GeV/c (3 points)
(c) The Y-mesons move with the center-of-mass (CoM) frame of the B-mesons. From (a)
we get the speed of the B-mesons in that frame as vo = 0.0615c. From (b) we know that
in the laboratory frame the speed of the B-mesons is v = 0.406c¢. Let the relative speed
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between the CoM frame and the laboratory frame be —u, which is also the speed of the

Y-mesons in the laboratory frame, then v = 1\/—+/ Solving it we get u = 0.336¢. Y
+v,u/c

NFHEEE S BAFUOERE —2 () FA1400E B A FAE O S R A KHE
r”jj Vo = 0.0615¢. Hi(b) FA1%NIE B A FAESLK E S AR B IWH &N v = 0.406¢.
A USSR AANT T2 S S (W02 Y A T1E 525 = [ D) hy—u, )

V= V°—+uz . H1H7% u=0.336¢. The total energy of the Y-mesons in the

1+vu/c

laboratory frame is Y A T EfE TN E, =m,c?//1-(u/c)? =1.062m,c?. (4 points)
(d) Inthe CoM an electrons has equal and opposite momentum as a positron, while
together they must have the energy to create a Y-meson. The momentum 4-vector is

then (m(jCJln CoM. 7£ Y N 7SI AR Bl 7 ANE R T RIS EASE, Ak, &

REESE T Y iR, K Y 7Rz E-f KA {myc} In the

EE 4
laboratory frame the momentum 4-vector is 7/ESLI ES AR, 1% 4 KN

(7 ﬂy][ ][ﬂmc
=By v )Amc ym,c

Let the momenta of electron and positron be P; and P», respectively, and also note that
as the electron (and positron) rest energy (0.511 MeV) is thousands of times less than

that of the Y-meson, so the energy of an electron is simply cPy. 4 H, T F1 1 L ¥ 1) 5]
A Py Py X TEUE I RE R I K T E I L i & (0.511 MeV) ,
FITLLUE I BER A cP1. We then have it FeA 17

R-F pym,c
= here & =u/c.
(PﬁPJ (mecj’W ere 2ot B=ulc

The electron energy in the laboratory frame is then H, 1~ 7F 256 %5 (1) fE &2 A

CP = 1 (1+ B)ym,c’ = %><1.336><1.062>< m,c” =0.709m,c* =7.51 GeV.

IE Eﬁ? RN

cP, = > (1—ﬂ)7/myc2 = % x0.664x1.062xm,c* = 0.353m,c* = 3.73 GeV, or vise versa.

(3 points)
Q3 Penning Trap (30 points)
2
(a) qBv:mV—, S0 o, _v_gB E, " :lma)froz. (1 point)
I R, m 2 2

() x=2-reos@t-¢) , Q-Q,=-201-cos(@t—).

,_dQ

v = 2qr°—[cs)°sin(coct—¢) . Larger rq leads to larger current. (2 points)
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(c) The energy gained in each cycle is & i {115 2 1 B & 4

dE, = quO cos(a,t) - ro, cos(aw,t)dt :%qE roT.,and ddit =%qE0rcoc (1 point)

c'c’
T

C

On the other hand, from (a) we have H1(a) 1175 dEt = M, r% (1 point)

dr 1 qE :
So mw’r—==0gE.rmw.,andR=r. + —2T (1 point
° dt 2q0 ¢ " 2mw (1 point)

C

d) E=-22 o= % (2 points)

z
ZO 0

() VAV(F)=0so f=-1/2 . (1 point)
Use ax andw, as known for the remaining part of the question.

(f)  The electric field in the x-y plane is ¥ X-Y “FHif{HI% K E = —V % . (1 point)

The equation is *ﬁ?ﬂ’] BTN
m(XT(OJrWO):eV yyo+eB(xx0+yy0)><z _eV

0 0

m

—eB(Xy, - yX,)
(1 point)

)'('—a)C}'I—%a)ZX:O

A

y+a)c>'<—%a)fy=0 (2 points)
(g) Multiply i to the first equation, and add to the second one, ¥ 25— 3 i 5558 — A

hn, 43 we get ti+iau+bu=0, where a=m,and b:—%a)f : (2 points)

. + |0’ — @*

(h) o, :% (2 points)
(i) x@0)=R, y(0)=0,x(0)=0,y(0) =—-Ra, (2 points)

ThenR=A +A , Ro, =0, A +o A (1point)

2
Solving the equations we get fi# ik i, 3 A =2 "% R= —l(&] R,

A DO

+

R=R (2 points)
o, —@

()  %=xcos(xt)+ ysin(Qt), §=ycos(Qt)—xsin(Qt). Sod=ue™ . (3 points)

(k) G=ue'=A +Ae’@ )" whichisacircle centered at x=A X & A HDE
x=A f[E. (1 point)

() TR SRR HZ30. (1 point)
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(m) G=Ae™ +Ae“where o, =/o? -’ . (1 point)

So X=(A +A)cos(mt), ¥=(A —A)sin(at), which is an ellipse with (A, +A)
being one axis and (A, — A ) being the other. Under more special conditions, the ellipse

can become a line or a circle. X & MR, 7EHeE &0 Tl (A 5L A, 55T 0),
HMEZ(A =+A,) ((2 points)

(THE END 52)



