HKPhO 2011 (Senior Level) - Suggested Solution s

Hong Kong Physics Olympiad 201 1 (Senior Level)
2011 ( )

Suggested Solution s
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MC1:(d)

MC2: F =- kx=(3m- rV)g, k=- 3—F:rg—:rng2.
X

dx
w=~+kIM =,/rgpR /(3m) .(b)
It can be further simplified to r% R =3mY VF’%

~#0d S5O0ETC ! OAEEI AAAOGS DOET MESMAR - SIALA T £ x/
Suppose a volume obVice melts, then the volume of water displaced decreases by
reeDVee ! 1 At the same time, since mass is conserved, the volunfexater increases by

ice water *

rice[)\/ice/ rwater'

stone sinks to the bottom, the volume of water displaced i,/ 7 one< Myond
water level falls.Answer: (b)

Hence there is no change in the water level. However, when all ice melts and the
Hence the

water *

MA:50ET C . AxOI 160 1T Ax 1T £ Ol EOAOOAT COAOEOAOQET I
M R/T?8 #1 1 PAOET C x EOE M®%A SR 10 &andrkx 1 year A O A
598G
R:31.5% =0.48AU . Answer: (e
o 652 ()

MCS5: Denote the fricton forceand normal forcacting oneachbladeasFsandN, respectively. At

the critical angle the static friction force should reach its maximal value which igN.

The condition for the wire not to movevsenall components

of the forces addg up equato zero.As shown in the force

diagram acting on the wire, tlvertical components canaehch

otherby symmetry, anthe horizontal components cancel if
sin 2a

2F;, cosa = N >

Thus, from the condition of the critical angle we obtain:

m=tan & Answer: ()

MC6:(a)
MCT7:Let v be the velocity of the particle of mass. Kinetic energy of the compound pendulum:
o\, 2
1 1 avg _ 3
K ==mV+=(2m ="mv
;M MBS =,

Potential energy of the compound pendulum:

U =-mglLcoyy - 2mg%cosq =-2mglLcosyy


http://hkage.org.hk/en/download/Student/HKPO/HKPO2010_ExamPaper_Sol.pdf
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I & g°o
For small oscillations,U © - 2mglag- %8: cosntant- mglLg®

For small oscillations, we can approximate the linear displacement by= Lg.

HenceU = M9y

3 2mg _ 1 [2mg/L _ 1 |49
“3mp=2m =1 -1 49
Using the result of MC12, we can substitute 2 | L and 20V 3m/2 2p\V3L

Answer : (b)

MC85OET C . AxO1T 160 OAATTA 1T Axh xA EET A OEAO
Vi and L= v :
g(sina + ncosa) 2g(sina + ntosa)

The acceleration of the downward digplacement is g(sina - ncosa) (in the downward

- g(sina + ncosa). Hencet, =

direction). Hence the time is given byL :%g(sina - ncosa)t;. Hence

- 2L _ 4 _¢2 sina + ncosa
> g(sina- ntosa) g?(sina- ncosa)(sina+ncosa) * sina- ntosa

Answer: (a)

t

MC9:Sol. my, = (m+M)v,v = m V,=2m/s,
m+M

DE, :%m\{)z- %(m+M)v2 :%3 13 107 - %3 (1+4)3 22 = 40J

Answer: (e)

MC10:Sol. B~ m=1kg,mx=3kg,F=6N,vo=2m/s, d =1m..

Z'Q T 1, H,11 A =t v.O Y
_ __m = 3 a5-
= + V= = 3 2=1.5m/s.
Mo = (M + M)V, v ="y, =722 2=1.5mis
H Ho "Hn. & T,v,=aT =v,+a,T,6T =2- 2T, T =0.25s,v =1.5m/s.

DE, :%mzvoz - %(ml +my)V2 = %3 33 2% - %(1+ 3)3 1.5?=1.5) FDs, Ds = 0.25m.
ZQ A b =d- 05=0.75m. Answer: (c)

02 ~
MC11: a =tan'1%§tanbg,(a)

MC12:a>d>c>b,(d)

MC13:V(r,- § 400kg Y r£2 0.1 13kg M.
T=T,r,/ r=2931Q/1.1 3398 46°C (a)
MC14:Total reflection (e)

MC15: E =+/15mg/q, (a)

r’Bq

sz,(a)

MC17:0, (a)
MC18:(d)

MC19:v=mgR/ (B2L*N), (e)
MC20:By energy conservation,Q, =Q, = ngH. (b)
2

MC16:v =
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Open Questions

Q1 (10 points) :
(a) For parallel connection, the total currentl is the sum of the currentd1 and I>through the two
U aU U 0 RR

a:F\’_RZ;l )

For serial connection, the current through the reS|st0rs is the same, and the total voltage
across the two resistors is sum of the voltages across each resistor. So

R =(,+U,)/1 =R +R,;(1.5 points)

(b) For parallel connection, the total charg&®is the sum of the charg&): and Q on the two
capacitors, and the voltagéJis the same for both capacitors. S0, =(Ql -IQZ)/ u ¢ G,@15
points)

For serial connection, the charg&€on each cpacitor is the same, because in the section of
circuit between the two capacitors the total charge should be zero. The total voltaghds the sum

, (1.5 points)

. Q aQ Q 0 CC,
of voltage across each capacitor. = 1.5 points
g p @U1+U2@a=5910290£( points)

(c) As the chain is infinitely lang, it does not matter if one section is taken away.
1

2C+C'
Solving the equation one get<™ = (\/§ - 1)C (1 point)

1 1 .
Therefore — = +— (3 points
o c @p )

Q2 (14 points) :
(a)

Note that for the whole system the net force in the horizontallirection is zero. The impulse will

. : . Y
give a total momentum to the system and its center of mass will move at constant speeg}r—o,

m +m
while the block and the ball will move back and forth relative to the center of mass.

Two ways to detemine the vibration frequency are given below.
Method 1: (4 points)

Take the following coordinate system.

x1 is the coordinate of the ball relative to the blockSo x, = Lg .

X2 IS the coordinate of the block relative to the floor.

§- mgqg = ml(‘>‘<1+ )Q (Newton's equation for the ball)
%ml(x1+ %,) 4m,%, @ (zero acceleration for center of mj

Solving the two equations,X, = - m X = M Lg

m+m m +m

& m 9 _m - o |g(m+m)
-gg=a 8§ =——Lqg Y wi———".
c m+m I m+m \7 L

Method 2: (4 points)
Both coordinates are relative to the floor.

B =l
\éxl'xz :Lq Yf m, mz
| |
fmx +mx, Ty = mlg ’
i m+m,
rnlnll—z 2
——n1><1 +=mz><§
2(m+m,)’
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1 2
=>malg”.

Thus w= g(rnl—-'-mz)

m,|
We now proceed to get the equations of motion of the ball and the block.
The general solution isg(t) = Asin(ut) + Bcos(ut) .

Considerthe initial conditions g(0)=0, ¢O0) ¥, /L, thus

v, m, :
g(t)=—2sin( w) v, |——2——sin( ¥, and
W (Lg(m+m)
M LM sinwt),
m+m Y o(m, +m)
or, in the reference system ofhe floor,
€ rnZVO LrnZ Sin(l/’/t)+ I’T]\é t

7 memy o+ m +m
. (3 points)
my,

b | singat)+— 16t
m+m Y\ of m+ m) m -m,

(b) Throughout the process, momentum and energy are always conservéd.points)

Take all coordinates to be relative to the floor. As theod mass is ignored, the force of rod on the
ball is always along the rod so it does not produce a torque to the rod. One can therefore replace
the rod by a massless thread, or assuming the ball is moving on a smooth circular rail centered
at the hinge.

BV, + MY, = my,
11 1 1
15M (4 + ) S mag + moh =2 myg

)(1:

X2=

—_— =) ——

— 2\ 2

; — — '\évl_vo _ 2 — — avy
() v,=0, h=0Y j 0,andF—r'qvolL,T F+mg mlaef +g , andThe force of the

Vo= ¢
floor on the block isN =m,g+T fm+m) g m, §/ L(2 points)
& _ my,
L% m o+
(i) h=L v=v, = Y m r:i ,
llvy: /_mz °__29L
| m+m
r=p Mo mm¢ o
L (m+m)L

N=(m +m)g(2 points)

v M- (nfm( mg 4( m ) g

i m(m+ m)

_mmy- Jrim( ny4(m g g
m,(m+ m)

(i) v, =0, h =2L

\Z

— — — 4—)—
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a(v, - V) 0 &2 34m )
T=F -mg=m - g 0mMxe’ = 5%
¢ b %t ¢m -

¢ - '
N=mg- T=(m +m)(4m +n) dm, mV/ L(2 points)

Q 3: (10 points)
Method-1
F=M 3B, andF =ev 3B.

Maintaining the relative direction between spin and velocity requires simply that
t/I=F/P
geB evB eB

, SO 2.

2m  nv 9=

Method-2

The electron will move in a circle in the magnetic field. We need to find the period of such

circular motion first. Let the radius of the circle beR. ThenevB= m¥/ RY v=eBR . The

L 2o0mR 2 pm
eriodisT.=2pR/v =—/—— ="—.
P =P eBR eB

For the electron spinS, the torque is always perpendicular to the spin, so the spin will rotate.
Suppacse the spin rotate by a small angl®qg over a short time period Dt , the change of angular
momentum isDS =S d, similar to circular motion where the change of velocity iDv =v d.
The angular speedf the spin rotationis then w= Dg tl.

Using the equation for torque and angular momentum,gej?’ t DS 3y

2m Dt )
The rotation period of the spin isT, _P M

w geB
Finally, T, =T, Yg =2.
Q4 (12 points)
(a) At the same pressure,T r = Constant (1 point)

The density at 40Cis r,=1.2 zig £.12 kg/m (1 point)

(b) The fraction of water vapor at 40C at sea levelh, —%?(’)5 V0% (2 points)

For adiabaticprocess, PV"”® =constant, and for ideal ga$V=nkT,soP = CT""?

6.5

The fraction of water at 5C at high altitude A, = T (2 points)
76 2
O(312)
Rain=(h- h) 3 rV (-5-sﬁs 90% Lﬂ 1.123 (0.0665 0.013) 1.12 3§((3 points)
760 7608y
(313
231.123%9.8 K

(c) Height 278= 313(1 ) Y 3676 (3 points)

731.033160
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Q5: (14 points)

(@) (7 points)

Using the lens formula, we know that there are two imageS and S at distance 2f from the split
lens and their distance is 4. (1 point) The two images are equivkent to the two small holes

Ei 1 Ol ET AGAA AU A PIET O O1 OOAA ET A OUDPEAAI]
effect produces the fringes on the screen.

L=L- f.Letx be the distance of the obseration position on the screento the optical axis.

1 = L[ lax-2d %5 . [& g2d°
a’:—«/ x2d) B —:fae—~ 2 1[0+ ,
oy ( ) ¢ L Q ? g

L& 3x+2d5°0 . . . 4
ad=—JA+ —4& . And thenoptical path difference isD 3d -
2 /?;él &L 92 PrCATP a4

o

.(2 points)

-l

The width of the fringe Dx is then

; [ 500016 {1 0.
ﬂDX =/ Y Dxl——L = 3(3 3 1.0=10" 3m = 0.1 m.
L 4d 43 10
Now we need to know the width of the area where interference occurs, or where the light from
S overlap with the light from S. From the figure we see that the area is between poi#t and

point-B. By simple geometry, we get the distance heéen point-A and pointB to be
D=(3f + L)% =1600 31/200 &mm (1 point)

So Number:R =8 8C. (2 points)
Dx 0.1

91



