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The following symbols and constants will be used throughout the examination paper unless
otherwise specified:

g — gravitational acceleration on Earth surface, 9.8 (m/s?)

G - gravitation constant, 6.67 x 10" (N m%kg?)

e — charge of an electron, -1.6 x 107%° (A s)

& — electrostatic constant, 8.85 x 10™% (A s)/(V m)
— electron mass = 9.11 x 10™" kg

¢ — speed of light in vacuum, 3.0 x 10% m/s

Radius of Earth = 6378 km

Sun-Earth distance = 1.5 x 10" m

Earth-Moon distance = 3.84 x 10° m

Density of water = 1.0 x 10° kg/m®

Density of iron = 7.7 x 10° kg/m®

Density of mercury = 13.6 x 10° kg/m®

Speed of sound in air = 340 m/s
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g- F*H*%‘«p T, 9.8 (UsY)
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PSR 7 = 6378 km
Mﬁ-f‘ﬁjﬁ{;ﬁ&— 1.5x 10" m
PYSR-E | SREESE = 3.84 x 108 m
J$J$®—10x1§kwm
HpuEt = 7.7 x 10°kg/m?®
P8R = 13.6 x 10° kg/m®
2 Sl 1A= 340 m/s

The following conditions will be applied unless otherwise specified:
1) All objects are near Earth surface and the gravity is pointing downwards.

2) Neglect air resistance.
3) All speeds are much smaller than the speed of light.
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Multiple Choice Questions (2 points each. Select one answer in each question.)
AR (UM 207 DRLER- W 50

MC1

Given that the moon revolves around Earth at a period of about 27.3 days, use the parameters
given in page-2 to find the mass of Earth.

FIRIET 2 j:E_;ﬂ EJg‘mH o PR EI G55 27.3 RS- T @;ﬁ% SREETES

(a) 2.3x10* kg (b) 4.6 x 10* kg (c) 6.0 x 10* kg (d) 7.8 x 10** kg

(e) 9.8 x 10 kg

MC2

As shown, a piston chamber of cross section area A is filled with ideal

gas. A sealed piston of mass m is right at the middle height of the . ,

cylinder at equilibrium. The friction force between the chamber wall /

and the piston can be ignored. The mass of the rest of the chamber is ’

M. The atmosphere pressure is Po. Now slowly pull the piston upwards, l m 7 /

find the maximum value of M such that the chamber can be lifted off .

the ground. The temperature remains unchanged. - )
Wmﬂ,ﬁ%pemﬂ~ﬁ§p%tAm@ﬁ' R pM

SRR D T ISR VTR m ﬂjj E ﬂjtuil@%n?ﬂ o

B ]ﬁirﬁ*'*ﬁ”ﬁa‘g{ |Vl R “';MLWT o 5 E’*@Fl i
By Po o M| JJIEFI L] F?E—?ﬁ% B ol )i fHEE

TR SETRVETVEN MU

(a)M:Lng (b)M:M (c)M:M
2g 2g
@ m =24 ) m =12
2g
MC3

Find the electrostatic energy of an equilateral triangle of side a with a point
charge ¢ at each vertex, excluding the self-energy of the point charges

S g USRS EY | AR <kl
jﬁ[;#%;:i Wr“JErE”J[[ ; e T\Tj:”ﬁw
@ 47:50 a ®) 47:50 a € 27, qa

7 2
@ 872'80 a ) _4;50 qa
MC4

Two cars A and B are moving towards each other along the same line at 2/3 of the sound
speed. Car-A sends out continuous sound waves at frequency f. The frequency of sound heard
by the driver of car-B is

fHIAFIB f "] 2/3F ?@ u@eﬁ "Em&ﬁ]p@ﬂ A HI AR TPVERNL IS L f o B HI ZBE VR
W 1T

(a) 5 (b) of (c) /15 (d) /19 () f
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MC5

As shown, the tiny ball at the end of the thread of length 100 cm has a
mass of 0.6 g and carries charge 5.88 x 10°° C. It is in a horizontal
electric field of intensity 1000 N/C (Newton per Coulomb). Find the

vibration frequency of the ball near its equmbrlum position. 5 q
v[lqaﬁi’—’?"rﬁtrOGQEJJﬁ& 1”4%588x10 C B =17 100 -

em [ - 4 9 4 1000 Nic; oA BB o o] SR T

RIES T o grrsfis -

(@ 0.70 Hz (b) 0.59 Hz (c) 0.50 Hz (d) 3.2Hz

(e) 6.4Hz

MC6

As shown below, a plane microwave is normally incident on four evenly spaced identical
narrow slits S, S», S3 and S4. XY is a line parallel to the plane of the four slits and far away
from the slits. Point-X is at equal distance to slits S, and S3. When only slits S, and S3 are
open, the wave intensity at point-X reaches the maximum value of 4, and that at point-Y is
zero. When all four slits are open, the intensity at point-Xis

UG > PT S PHEEARE S) - Sy~ Sa > Sa b XY SRASEAERLEGE » S kRE
TR F%WXELSZ SRR f} 7] Sz » SSRGS 4 - YRR
ja’ag‘{@ F o DM [l A Hﬂ; Fif] Eﬁ &Ik EAE Jq”il@’{@ £,

@ o0 (b) 24 (c) 44 (d) 84 (e) 164

S1
s,

S, ¢ x

-, S3

— S,

MC7
Same condition as MC6. When all four slits are open, the intensity at point-Y'is

LR - i g eg LI
@ o (b) 24 (c (d) 81

MC8
As shown, three large conductor plates of area 4 are placed parallel to T
one another at equal distance d. Find the capacitance between the left
and the right plates.

U > = (A4S o D A ST d R - SR A R

il -
&4 &4 2504 £l 454

@ = 0 2= © == @ @

(e) 164
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MC9 ;
As shown, inside a cart that is accelerating horizontally at
acceleration & there is a block of mass M connected to two
light springs of force constants k3 and 4. The block can M
move without friction horizontally. Find the vibration m
frequency of the block.
(/[qu\l s = T *’Jpﬁﬁﬁ 53K7J<—»r~ Ml @Eﬁﬁ[’%@i“‘ (TR £
ML - PURERT PYEL) T 155 ky > oo OB O O
f E3ORE Hn@?éiﬁa ??Jﬁéﬁ”ﬁ;wﬂf‘?}

[k, +k, /k +k, 1 /lirk2
(a)—T ()— (C)ZT_CI

kk,

—_ _ —_ —+
@ &+ im © \/(k+k)M .
MC10 4‘
Five identical 1 puF capacitors are connected as shown, find H# F<| |_| k*,
the capacitance between point-A and point-B. A B
DR e = 1 pF BB R S —jw%FA 1B RV
(@) 1uF (b) 2 H (c) 3uF  (d) 4pF (e)
MC11
Two small balls of mass m and 3m, respectively, are connected m

by a thin and rigid bar with negligible mass, and are free to

slide on the 45° inclines, as shown. Find the angle of the bar to

the horizontal plane in equilibrium. The angle being negative 45° 450

means that the heavy ball is above the light ball.

[n J ) IR BVEL ST IR m I 3m o [l f;%“];ffﬁﬁig_}% T A i 4507 ‘(F*ill}l ETE H\(F*.—r °
i rstﬁ“E“Fﬁf? PRIk E e ELERE _FRERRED -

(a) 46.6° (b) 26.6° (c) 45° (d) —26.6° (e) —46.6°

3m

MC12

A uniform cylinder of radius « originally had a weight of 80 N. T

After an off-axis cylinder hole at 2a/3 was drilled through it as

shown, it weighs 65 N. The axes of the two cylinders are parallel O .
and their centers are at the same height. A force 7 is applied to the

top of the cylinder horizontally. The value of the force should be

in order to keep the cylinder is at rest.
— B SEVE A EET R L 80 N - 4 ) a o F5 EEfl o 2a/3 B - [BY
il > I e T ﬁj@ [Eﬂfm#ﬁﬁéﬁ' k65N -
ARG AT [ T YRR B [Tpa T R e
@ 1IN (b) 3N (c) 5N (d) 8N (e) 10N

MC13

The electric field is 1{1 = (5;rc0 —3)r/0) V/m. The potential at the point (0,5m,5m)is___if the
potential alt coordinate origin is taken as zero.

- L E = (5%, —33,) VIM o IV SRS % > H7 (0,5 m, 5 m) rEivish
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@ -25v  (b)-15V (c) 0 (d) 15V (e) 25V
MC14

As shown, an infinitely large surface on the left carries fixed surface
charge density o. The one on the right carries -2c. A conductor slab
is inserted between the two and its potential is fixed at zero. In
equilibrium, the surface charge densities on the left and the right
surfaces of the middle conductor are - —
i/pqg“l » E3E R Es AT P[FIJE{,I{%P[ = ‘%@tga’ *F SL A ISENY =i
R LA R 1 20 %ﬁmp[ VIR - B - 9
Hgk[;cg]t EJ%J =1 @;ﬁﬁg‘;ﬁgﬁg . F[?;P}[Fu ‘[“a 1& SHIER_

@) oand -o (b) -2cand 20 (c) -2cand o

(d) cand -2o0 (e) -oand 20

+ + + +
Lrrrrnd

‘\}7

MC15

A spherical cave of radius R/2 was carved out from a uniform

sphere of radius R and original mass M. The center of the cave is at P
R/2 from the center of the large sphere. Point P is at a distance 2R

from the center of the large sphere and on the joint line of the two

centers. The gravitational field strength g at point P is

— ER o RULTVERIEE M > @ R o G H EER L RI2 g AT # £ RI2 ok > s SR
SR OR [ 1 FEESR O 2R &mﬂfﬁj BT -

GM 5GM 3GM
a = b =
(@ g AR (b) g SR (c) g = 16R2
GM TGM
d = e =
d g R e g 3R
MC16

A small block slides down from rest at point P, on the surface of a
smooth circular cylinder, as shown. At P, the particle falls off the
cylinder. The equation relating the angles 6, and @, is given
by—

th,plfiLF FEATEIA T PoRIIETR - EI PR EEI 1 e Ry
@49 EJE%JM F”E"—

(@) sing, :%sin 6, (b) sing, :écosé’2 (c) sing, =cosé,
(d) cosé, =sing, (e) cosg, :gsin o,
MC17

50.0 g of ice at — 40 °C is mixed with 11.0 g of steam at 120 °C. Neglect any heat exchange

with the surroundings. What is the final temperature of the mixture? (Specific heats of ice,

water, and steam are 0.50, 1.00, and 0.481 cal (g °C)™ respectively. The heat of fusion of ice

is 79.8 cal/g. The heat of vaporization of steam is 540 cal/g.)

/L‘H 50.0 9 7 —40 °C == 11.0 g & 120 °C pu-f<2” dﬁi ) ?’r@'ﬁ PAANE S B o A
o (I ~ s~ ARERISEPVEEESTES 0.50 ~ 1.00 - 0.481 cal (g °C)™ o YA (£, 79.8

cal/g o “fepuZkaE i 540 cal/g - )

(@) 35.3°C (b) 30.3°C (c) 25.3°C (d) 20.3°C
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(e) 15.3°C

MC18

Electrons accelerated from rest by a voltage J enter a magnetic field of strength B which is
perpendicular to the electron velocity. The trajectory of the electrons in the magnetic field isa
circle of radius R. The electron charge to mass ratio e/m, is then

F::g H [F?;;L IHF* T VU a9 1 B ORI R [ [ﬂﬁ@a W= %4 TR
B Je“h'ﬂqlrf\__—f B R pH[EN o Emmg Hp J?ﬁﬁ%ﬂ@? VEe/m th e

(@) V/(BR)? (b) 2V/(BR§ (c) AV/(BR)? (d) 8V/(BR)?

(e)  16V/(BR)*

MC19 F
A thin uniform rod is partly immersed in water, while being lifted /

by a string fastened to one of its ends, as shown. If the density of

the rod is 3/4 of that of water, what is the fraction of the length of

the rod that is above the water when in equilibrium?

ypqgni[ ~ BEARIRE PEEE 3/4 > — i lFﬁjﬁ'EHﬁ s f S5 feEL o

-+ BERAPIEE) 2 DR T 2

(@) 0.134 (b) 0.203 (c) 0.5 (d) 0.75 (e) 0.866

MC20

A U tube which is partially filled with liquid is in a vehicle under
horizontal accelarating motion, as shown. Find the maximum
difference in height of the liquid surface over the lateral distance
of L.

i’[[ﬁ%ﬂ[ - U By (i ,f 57 Tk EJ&*’S‘B, i (Bl JJL[“@E[U;],% o T AFIHE
i

LEJTx‘xEI!szl}lpjﬁ J@?i o
@) &L b —2 1 © 4L o 4L (@ —ft—_1
a Jai+g° g g Ja’+g°
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Open Problems B
Total 6 problems H 6 &

Q1 (5 points)

Describe, in less than one page, a way to determine the mass of a small object (~ kg) in
weightless condition.

1 (55)
PI At FURIR » it R RN PR (G 1kg) i -

Q2 (10 points)
As shown (not to actual scale), a thin convex lens with focus length 10 cm and a concave
spherical mirror of radius 20 cm are placed on the same optical axis. The distance between
the center of the sphere at point-P and the lens is 20 cm. A point light source O is placed on
the optical axis and at 20 cm from the lens.
(a) Find the position of the final image of the light source.
(b) Assume the brightness of the final image in (a) is unity. The lens is then cut into two
equal half disks, and the upper half is lifted by 1.0 mm from the original axis. Find the
final image(s) and their brightness of the source.

\_/

Lens Mirror

B2 (1073)
b o~ B 10 om O ESEA- A E 20 em SRR S . P Rl
EEAGH 20 om - —~ RSLIR O Ml FEEA S 20 om i -
(@) I Opubaxfpthfef -
(b) F%(a)Hlﬁﬁ’é‘l’é}Eﬁb@ B 1 e FURAESETIRY 0 Fy e [ = il o3 4R HEERU 1.0
MM %> o O ki (s o AL

Q3 (10 points)

A conductor rod of length L, resistance R, and mass m is

placed on an inclined rectangular frame made of perfect

conductor in a uniform magnetic field B pointing upwards.

The frame plane is at an angle #to the horizon, as shown. Lg
Find the terminal velocity of the metal rod if

(@) there is no friction between the rod and the frame; and

(b) the friction coefficient between the rod and the frame is z.

B3 (1051)

P >~ [ERIRE RS s AR I 056 ) S S REE B - R EL L
UVEIEL m, TRIZEL R PO A B

(8) > A AU ] 2 R AR P A

(b) o R AV I e e e e B R U Al e -




HKPhO 7 H4*222/ig775 2006

Q4 (10 points)

Two small and hard spheres, one right on top of the other and almost in : l
touch, are left to fall from a height Hy. The lower sphere of mass M

collides with the ground, and almost instantaneously it collides with the
upper sphere of mass 0.1M. Both collisions are elastic. Find the maximum
height the upper sphere can reach.

E!rﬁ4§10ﬁ)

PRI | 2+ Pyl ST 1 PTG Ho FIP R - 05 (FF
EIKG M) SOl ) 1 R R (VR O.0M) Ot LR et - o -
S RS -

Q5 (12 points)

As shown, a block (Object-A) of mass ma moves on a frictionless plane at initial speed vy,
and lands onto a cart (Object-B in the figure, mass mg, length L, initially at rest) smoothly.
Ignore the size of the block. The friction coefficient between A and B is ¢ and the cart is on a
frictionless plane. The block collides elastically on the fixed wall at the end of the cart and
eventually falls off the cart.

(a) Find the minimum value of vy such that the block can indeed fall off the cart.

(b) Suppose the initial speed is larger than the minimum value in (a), find the kinetic
energy loss of the system (block + cart).

(c) Same condition as (b), find the time the block spends on the cart.

(d) If the initial speed is less than the minimum in (a), find the time the block spends on the

cart.
A
—p B

‘* B K i r
"F.. ',|_ '- ";"‘"' _{.1# .. ?' ;nr ."h..‘
1_ Ly L ,h" ['l".irq',

-_". :-'l _-lu-u -"'I-\-'I

S (124)

‘{/[[qﬁi y — T@’T FED I’I’ZAEJ ﬁiﬂ;ﬂ“ %Jl)’[ lﬁi@ Vo [ijL?(F-‘_[ I:LI '—‘YF"I‘J‘ , E[TUQF — Jiﬁfr tW{,L@ﬁ—ﬁlt,,
ma UL gl - UIREE T LV R ?”@FBMEWW PR TR U L
L o SR MR o A s

(@) ik s PR ol P RL 2D 2

(0) e A ()l Uﬁ SR MR o T T T
(© ri(b)gulHiEH[ RAER VRS EL 2D 2
w)wwm@@wjﬂwwwﬁjﬁvwmijﬁFmﬁwﬁ HRL %) 2
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Q6 (13 points)
This is an experiment that demonstrates the *matter wave’, i. e., particles such as electrons
move like light wave propagation. A beam of electrons (ignore interactions between the

electrons) can be viewed as a plane wave with wavelength 1 = L , Where £ is a fundamental

constant called the Planck Constant, and p is the momentum of an electron. The intensity of

the wave is proportional to the electrons density. The electrons ‘matter wave’ is used to

replace the light waves in a typical setting of Young’s experiment (for light waves), with two

narrow slits separated by a distance d, and a large screen at a distance D (>> d) from the slits.

A broad beam of electrons, accelerated by a voltage U from rest, is incident perpendicularly

onto the slits plane. You can use the appropriate constants in page-2 without substituting the

actual values in your answers.

(a) Find the electron density distribution on the screen, assuming that its maximum value is
unity and the screen can somehow remain neutral.

(b) Add one more slit at the middle position between the two original ones. Find the electron
density distribution on the screen, and its maximum value.

6 (134)
SRL- A PITT RER Vﬁﬁ”ﬂ@ﬁ%Ehﬂ&f“ngﬁuﬂéﬁﬁﬁo—‘kﬁ;

PP RO (R (BRL MRS ﬂz_pﬂ (B LU E A Hlpf«CT%FfI[a(%ﬁa RlEg]

Bl hRLE VIR e PR g e EJV’%@F&N* IF'}H’ PR R A
e T TN R AP VErRHIVRASL D (>>d) - = Y
PN R LS RS U i o T S R T e T ﬂJ“ i 2 o B

@ PEf g R R %H#@Wﬁk“ﬁo
(b) [i["‘J"LK_EHHIFéﬂ'“LF&FII FIF= TRAVRUT ’f?JiF“"LmO 4‘ SRR 3 AT
g fif -

END %

10



Hong Kong High School Physics Olympiad 2006
Written Examination
Answers for M.C. Questions

GM
(1) Apply —
r
i.e. answer is ¢
(Pin - PO)A: mg
(2) <RPV,=PV <2PV, =M <
Mg = (R, -P)A
where Pj, is the pressure inside
P is the pressure after the lift
i.e. answeris b
(3) There are three combination of a pair.
I.e. answeris b
@) f = C+V
c-v
i.e. answer is a

=r”® then plug in numbers from the table

RA-mg
29

f , where f and v’ is the frequency received and the velocity of the observer

B)w= /il , Which reduce to \/lgas usual, when F=mg, which cancel out with the other m
m

because inertial mass is equal to gravitational mass
Where F = (mg)2+(qE)2 now

i.e.answerisb

(6) Note: Far Away, so that the rays are approximately parallel
E-field double, intensity 4 times
I.e. answer is c

(7) As S; and S is destructive at Y, the total is destructive too. (the spacing are the same)
i.e. answer is a

(8) The existence of the middle conductor is useless. The system is equivalent to a gap of 2d
i.e.answerisb

(9) The acceleration only introduce a shift of equilibrium position
i.e. answerisd

(10) By symmetry: g1=0s, 02=04
By Kirchhoff law: q1=-02, q4=-0s, q2+03+qs=0, q3=CoV, where q1, 2, 3, 4, 5 is the charge
on the corresponding capacitor form left to right, and Cy is the capacitance of individual
capacitor, and V is the arbitrary voltage across AB
Express the energy stored in two different ways:

¥ g
l 2 =1 [ .C=2C,
2 2 C,
i.e. answerishb

(11) Horizontal component along the inclines must vanish:
T cos(45°-0) =mg cos45’ 3 cos(45° + 6)
T cos(45° + ) =3mg cos45° cos(45° - 0)

Where T is the tension of the bar, #is the angle of the bar to the horizontal
Plug in the numbers from the choices to solve the equation



i.e. answer is d
(12) If there is one more hole on the other side of the cylinder, the system is self equilibrium.
So, the system is equivalent to hold a mass filling the right hole
Considering the moment: 2a T = 2a/3 (80-65)
I.e. answer is c
(13) In general, V=-5x+3y
i.e. answer is d
(14) By Gauss law and knowing that the inside of a conductor have no E-field
I.e. answer is e
(15) Calculate the g-field of the large sphere and then subtract the contribution of the small
one. It works because of the superposition principle.
i.e. answer is e

%mv2 =mgR(sin g, -sin 4,)

2

(16) ymg sind,-N = mVE
N=0
i.e. answer is a

(17) From the choices, we know that the mixture is in its liquid state.
Including proper treatment on the heat of fusion, the answer can be found
i.e. answer is a

iva:eV . )

(18) 2::v2=mﬁi=(—BRj
v m

evB=m—

R

i.e.answerisb
f=p.Ng
3

4
=— =f=—@0-NM
P =P 3( )Mg

PN =(1-rM
(19) ST PRLEE J
f+F = Mg 3 1+r 2

(ll_rj Mg :(1-1-—rJF, moment
2 2 2

Where f is the buoyancy force
P, 1s the density of water, p,1s the density of the rod
r is the ratio of the rod above the water surface
and V is the volume occupied under the water
I.e. answer is c
(20) By principle of equivalence, the acceleration can be treated as gravity
The water surface should perpendicular to this gravity

i.e. tand = a_ % where h is the height required.
g

i.e. answerisc
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Written Examination
Answers for Open Questions
Q1 (5 points)
State the principle, the setting, and the formula to obtain the result. For example, use a spring of known force

L LS

“27z\m

constant k to attach to the mass, and measure the vibration frequency f. Then use to determine

the mass m.

Q2 (10 points)
a)  The first image due to the lens is at 20 cm from the lens, and at point-P. The second image due to the
mirror is at point-P too. The final image of light source is back at the point O. (2 points)
b) Ignore the light passing through the gap since it is small comparing to the other dimension of the system.
There are four possibilities:
Case 1: The light pass through the lower half lens first. The intensity is reduced by 1/2.

Case a: After that, by the reversibility of light, all of them will follow the same route going back to O. So,
the final intensity of this spot is 1/2 of the original one. (2 points)

Case b: The light pass through the lower half lens, mirror, and then upper half lens is at 2.0mm above the
source (concerning the axis of the upper lens when it travel back from the right hand side). But by the argument
in (1a), after passing through the lower half lens, there will be NO light traveling trough the upper half lens. (2
points for identifying that there is no light traveling in this way)

Case 2: The light pass through the upper half lens first. The intensity is reduced by 1/2. After that, it can be
easily found that the light can travel back via both the upper and lower half lens:



o

Case a: traveling back via upper half lens. By simple geometry and appropriate shifting of axis, one can
find that the position of the image is 4.0mm above O.

Case b: traveling back via lower half lens. Again, one can find that the image is formed at 2.0mm above
0.
To find out the intensity, neglect the effect of finite size of the lens.
Method 1 (Qualitative argument):
From the above two figures, if the light coming out from the source passing through the red region, it will

eventually go back via the lower half lens. As shown in the figures, the smaller the gap (which is 1.0mm in our
case), the smaller the red region. In our case, the gap is very small, comparing to other physical dimension of
the system. So, the red region contributes only a very small portion of the light. i.e. nearly all of them will
going back via the upper half lens.

i.e. Intensity in case 2a is ~1/2.

And that in case 2b is ~0.



a~112
o~

o

12

)
)

Method 2 (Quantitative argument)
1) calculating the height of the red region first

i) calculate the portion of light that will pass through the red region (i.e. going through the upper half

lens and back via lower half lens)
answer to (i): (define d=1.0mm, D=20cm)

Gl

e

oF

D 20

Small angle approximation (d<<D): x/2D = 3d/D => x = 6D

Gl

oF

o 20

By the congruent triangle: height of red region: 7d + d = 8d

T
2/[5_02

answer to (ii): the portion: I
0

a
g
P 1

2z
Isin6d<9d¢ divide by the total: I
0

sindd&dg

S t— N

where



d

tan 6, = % andtan @, = D

. . 8d
So, the portion of light is sin#, —sin@, ~ tanf, —tan @, = )

Considering that the light passing through the upper half lens first is 1/2 of the original
Total intensity of the spot 2.0mm above O = 1/2 * 8d/D = 4*1.0mm/20cm = 0.02
The rest if light will focus on the spot 4.00 above O: 1-1/2-0.02 = 0.48
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Q3 (10 points)

v W w
U:(\/xB)-LzVLBCOS@:I:UE:% (2 points)
a)F:ILxB:ILB:W ................................. (1) (1 point)

Since the rod is in equipoise, we have F cos# = mgsin &

(1 point)

combine (1) with (2),V = —1IRSING.
b)

As the rod is in equipoise, we have

UNsind+Ncoséd=mg= N =L. (1 point)

cos@+ usin @
UuNcos@+F =Nsind (1 point)
SO HC0SO ei (3) (1 point)
cos @+ usin
Combine(1) with(3), V——M9R__ SINOZHCOSO ) 1 ies)

212 X :
B°L" cos@ cosf+ usinf



mg mg

Q4 (10 points)
When a ball with mass M1 and velocity V1 collides elastically with a ball with mass M2 and velocity V2, we
have

MV, +M.V,=MV/'+ M.V,

1 1 IVIVER. :
5M1V12+5M2V22 =EM1V12+5M2V22

(2 points)
v/ V(M| =M,)+2M,V,
‘ M, +M,
Vv _V,(M, -M))+2M )V,
L=
Then M;+M, (2 points)

V =,/2gH, .
In this question, regard the velocity upwards to be positive, V1 = -V, V2 =V , where 9 is the
terminal speed of the balls falling from a height HO.
:—V(m,—m2)+2m2V:3m2—m1V:3—yV 72&
m, +m, m, +m, I+y

A
m .
, where 2 (2 points)
3-0.1
In this problem, 7 =1/10, so Vi1+0.1 =2.64V (2 points)

So the maximum height the top sphere can reach is 2.642 HO = 7HO0.(2 points)



Q5 (12 points)

a) Considering the critical state that the block stops at the left edge of cart,
according to the law of conservation of energy, we have
2um, gL +— (m +m )i = lmAVO2 (2 points)

(m,+m ) 2

=V, =2 [(1+2)ugL (1 point)
mB

b) In the coordinate system moving with the cart,

the block is decelerating with initial velocity V, and acceleration -(1 +%) 419 (2 points)
m

B
VO—\/V02—4(1+mA),ugL
a 2 mB
Vit+=t"=2L=>t=

m
17A
(+m)u9

B

(3 points)

c¢) The work done by the friction is 2xm,gL. This is the amount of kinetic energy loss. (3 points)
d) Infinite (1 points)

Q6 (13 points)
The momentum of the incident electron is
2

eU = P
2m

(1 point)

e

So the wavelength of the 'matter wave'is A = (1 point)
p J2eUm,

e

Consider a point-X which is at a distance x from the central line. The difference in distance from the two slits

to point-X is given by
dx .
As=— (2 points
5 (2 points)
s
W =W,(1+e *) (2 points)
= 1 =|W [’=2W,*(1+cos %) =2W,*(1+cos /f:—l);) (1 point)

1=1_ =4W?, soW,> =1/4 (1 point)



b)the distance difference changes to % (1 point)

. As . As

W =W, (1+e2% +e 22)=W,(1+ 2cos§) (2 points)

AS dx
= 1) =W =W *(1+2cos—)* =W.*(1+ 2 cos 2 (1 point
(X) =W ["=W,"( 2/1) o ( 2/m)(p )

| =W,S(3) = (1 point)

o



