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Question Acceptable Question Acceptable
answers answers
1 25 16 59
2 45 17 1.3
3 14 18 -2.6
4 4.9 19 52
5 0.94 20 1.2
6 1.8 21 0.28
7 0.19 22 1.5
8 17 23 0.28
9 0.56 24 39
10 0.62 25 1.0
11 7.9 26 67
12 92 27 -390
13 87 28 2.4
14 25 29 -1.6,0.85
-1.60,0.85
-1.65,0.85
-1.55,0.85
15 12 30 1.6
Topics Questions No. Questions
Mechanics 1,2,3,4,5,6,7,8,9,10 10
Thermal Physics 13,14,15,30 4
Electromagnetism 21,22,23,24 4
Electronics Circuit 18,19,20 3
Gravitation 11,25 2
Modern Physics 26,27,28 3
Waves 12,17 2
Optics 1 1
Measurement 29 1
Total 30

FrEERUBER 2 MABBFHIE, BRI E R FER. FEEPRMBAIRATZ T .

All answers must be number with TWO significant figures unless otherwise stated in
the question. DO NOT include steps or units in the answer box.



Questions 1

A car is accelerating uniformly from rest. After 5 s, the velocity of the car reaches 10 m/s.
Find the distance in meters (m) the car travels in 5 s.

REBBILEFBIME. 5sfa, FFREFT 10m/s, KEEFXS5s BITHAERE,
I meters (m) 4 BT,
Ans: 25

a=10/5=2 m/s?
vZ—v3=2as s$=10%/(2 2)=25m

Questions 2

The figure below shows the velocity of a car versus time. The car accelerates uniformly from
rest for 5 s and then moves with a constant velocity of 24 m/s until 25 s. After that, the car
decelerates uniformly and stops at ¢ seconds. If the total distance traveled by the car in ¢
seconds is 780 m, find the value of ¢.

TERTEENEESHENXAE. LERBETHIMNET Ss FRLESR 24 m/s
MYEERHEEER 25s, RERETRESREEENFE DIARERE, HlEE:
MRFTHAEEE X 780 m, KHE.

v/ms; !

24

Ans: 45
The area equals to the distance travelled,

s=24(20+1)/2=780
=45



Question 3

Initially, both the balloon and the arrow are at the same level, 18 m apart. When the balloon is
released, the arrow is shot at the same time at an angle of 45 to the horizontal. If the balloon
travels upward with a constant velocity of 1.0 m/s, what should be the initial speed of the
arrow (in m/s) in order to hit the balloon successfully? Assume air resistance is negligible.

RIS, AERE S ETEARAER—KPL L, MEE 18 me  RERBOREIUS, 5 EiSLZI L
45 Sl &KL L0 m/s 213 BTV, 5 F AR R L0822 D m/s T7REREED
drfpRER? AT AT BLAES AN )

18 m

Ans: 14
Both arrow and balloon are at the same height
1 1
Vvyt=(vsin 8) t—Eth V,=Vsin 0 —Egt

Also, both the arrow and the balloon need to be at the same horizontal position
(vcos0)1=18
This leads to

—2v,+2vsin 6—18g/(vcos =0 2—v2v,1—18g=0
Solving the above equation, we obtain

1
v=3 (V2£/2+4x18g)

Take the positive solution, we find v=14.0 m/s.



Questions 4

A uniform rod of mass /77=1.0 kg and length L=1.0 m is horizontally suspended from a wall
by a thin string, as shown in the figure. One end of the rod is pressed tightly against the wall
so that the whole system remains in equilibrium. Find the magnitude of the friction (in
Newtons, N) between the wall and the rod.

—KE L=10m, JiiE m=1.0 kg KB SIREER — 2K Th L, it EFrs.
A ) — S B N 5 T (RS RS AR A . SR ES AR W) EEHE RN, A
Newtons (N) A H#.07

S; e
!;?g

m
friction

Ans: 4.9
Calculate the torque by using the string and the rod connecting point as the pivot. This gives

L 1
—fL+ > mg=0 f= > mg=49 N



Question 5

When a cart is moving towards the left at a velocity of 1.0 m/s, a parcel with mass 1.0 kg
drops into the cart at a velocity 0.3 m/s in the direction of 30 below the horizontal. The
parcel moves to left together with the cart at the same velocity v after collision. Given that
the mass of the cart is 20 kg, determine the magnitude of vin m/s.

Y EIELL 1.0m/s ME R AW, —4 1.0 kg FIEFELL 0.3 m/s, 30 i M
EENEES . OESEEMRES, S5HEUMRRE vagksmA%3. CaEER
JREN 20kg, 3K v KN, DL m/s BT

e o
""" J3o°
0.3m/s Cart

Ans: 0.94

The momentum is not conserved in the vertical direction. Only the horizontal component is
relevant.
Mv—myv,, cos©

T =0.94 m/s

Mv,—mv,cos 0 =(M+m)v v=




Question 6

A conical pendulum of length L swings in a horizontal circle of radius R. If L=1.0 m and the
R=0.6L, determine the period (in seconds) of this circular motion.

—IEKN L 1 EHEIRE AT T BLEAR R RS . #5 L=1.0m, H R=0.6L, KA
JIEEh R, BLAD Oy FA

Ans: 1.8

The centripetal force gives

mv
mgtan 0 = v=4/gR tan®

2R R L ‘ 3
:L:ZT[\/ :ZT[\/EV 1-R2/[2=2m 5:17955

% gtan@

The period is

where

tanB0 =
[2—R?



Question 7

A wooden block of mass 0.5 kg is initially placed at the top of an incline plane with an angle
45 . At the bottom of the plane, 1.0 m away from the block, there is an elastic wall. The block
starts sliding down the plane from rest, collides elastically with the wall, and then slides back
up along the plane. When the block’s speed decreases to zero, it is still 32 cm away from its
initial position. Find the coefficient of kinetic friction between the plane and the block.

JiE N 0.5 kg BRI —ITUa i B TR WU 945 BRI IR . R MR, AR 1.0
m AT — g . RBLRER LG R I T, SRR RS R S, SRR
B BARBEEFEONETR, HEIHAAERA 32 cm. RARBS R 2 18] (130 BE 4

Elastic wall

Ans: 0.19

Treat the friction /=, /mgcos O as the external force. Therefore, the change of total
mechanics energy equal to the work done by the external force
— i—Rx—Ax)=mg(x—Ax) sin 8 —mgxsin 6
This leads to
Axtan®

uk(Z x—AxX)=Axtan 6 Ukzm

0.32 tan4s —0.19
(20-032)



Question 8

A wedge of mass M=2.5 kg is placed on a smooth horizontal surface. The inclined plane of
the wedge is also smooth and makes an angle of 6=30 with the horizontal. A metal block of
mass m=0.5 kg is placed on the inclined plane, and a horizontal force F is applied to the
wedge so that the metal block remains stationary relative to the inclined plane. Find the
minimum force F in Newtons (N).

JiREDY M=2.5 kg (24 BT O KT . B R 2 el i, HA57K01
T % 6=30 ffi. EMBRARIE LT 5P EN m=0.5 kg (e @BR)5, LUK F
HESHLER DL <5 Jm AR R TR 1R . K F IBR/ME, A Newtons (N) A FLA .

Frictionless

Frictionless

Ans: 17

The acceleration of the entire system

F=(M+m)a
The net force on the small block on the wedge

Nsin@=ma

Ncos 8 —mg=0
This gives
F~=(M+m)gtan 8
~=(2.5+0.5) 9.8tan30 =16.97 N



Question 9

On a smooth horizontal surface, a wooden block of mass M=2.0 kg is attached to a spring
with a spring constant 14 N/m. The other end of the spring is fixed to a wall. Another wooden
block of mass m=0.5 kg is placed on top of block M. If the coefficient of static friction
between the two blocks is N=0.32, determine the maximum amplitude of oscillation (in
meters) such that no relative sliding occurs between the two blocks.

S KPR B, — R M=2.0 kg RS 55038 Ry 14 N/m 5B AHER . 3035
(1) 55— [ 2 AE 8 B 55— RN m=0.5 kg FIRBRBEAE M B ET7 . 35 PR BRIE] 1)
AR R BON=032, HIREIRBNNT, SRR KA N T B ) e KR IE . BA
meters(m) A A7 .

m
P e
Frictionless
Ans: 0.56
The maximum force of the system is
(M+m)a=kKA

where & is the maximum acceleration and A is the amplitude. In order to hold the
small block, the static friction cannot produce the acceleration larger than a. This
gives the maximum friction as
=usmg=ma
_ (M+musg
A= k
_(20+05)(0.32)(9.8)

77 =056 m




Question 10

A cubic block with mass 6.25 kg and side 0.2 m is partially submerged in water and attached
to a vertical, light spring with spring constant 250 N/m. The other end of the spring is fixed to
the bottom. The system is initially in equilibrium, with the spring is stretched and balanced
the buoyant force. Given that the density of water is 1000 kg/m?3, calculate the period (in
seconds) of oscillation when the block is displaced slightly from equilibrium.

—JREN 6.25 kg, LK N 0.2 m P MREAE KT, FF5 3 RE0N 250 N/m 1)
R EER .. NS e E e KR . KRBV T TEDIRAS, SR B
PR DL F7 . CURIK 185 B 9 1000 kg/m?B, AR HeRl il 25 P o7 B I, SR R
N, DR AT

Water

Ans: 0.62

At equilibrium, the net force for the system is zero. These yields
— kD xo+p(Ad) g—mg=0
where AX is the extension of the spring at equilibrium and d'is the depth of the block that
immerse in water at equilibrium. Here, A=L? is the cross section of the cube. As the system
deviate the equilibrium position by X. The net force of the block become
F==k(x+Dx0) +pA(—x+0d) g—mg
Using the equilibrium condition, we find
F=—kx—pAxg
The angular frequency is

. \/k+p/4g_ j250+1000(o.04)9.8_

- 65 =v102.72 s

The period
7=2m/V102.72=0.62 s



Question 11

Two identical stars with mass 2.0%103% kg rotating in circular motion with respect to each
other at constant speed. If the distance between the two stars is 5.0 AU (1 AU=1.5x10! m,
distance between sun and earth), what is the rotation period (in years) of this binary star
system? Given that G=6.7x107'* m3kg~1s™2, 1 year has 365 days, 1 day = 24 hours.

PR — B — R B AR B g X 7 L B AE R JH iz 8. EARD KR E N
2.0x10% kg, #HFH 5.0 AU (1 AU=15%10 m, K[ SHERAIEEES . ). SRILBUE RS
EFEW, DUENBA, (B 6=6.7x1071 m3kg~1s72, 14E=365 K, 1 k=24 )

The forces experience for each

Ans: 7.9
Gm? _ my? Gmr
2z r TP

Since two stars have the same mass, r=d/2.
The period is
o 2nd/2 ng®/?

v JGm/?2

=7.9 years

Question 12

When earthquake occurs, it triggers P-waves (longitudinal waves) and S-waves (transverse
waves) at the same time. The average propagation velocities of P-waves and S-waves in the
Earth’s crust are known to be 5.5 km/s and 3.2 km/s, respectively. During an earthquake, a
seismic monitoring station recorded the arrival times of P-waves and S-waves at 13hr 12min
24s and 13hr 12min 36s. Determine the distance between the station and the center of the
earthquake in kilometers.

HMELRER, P-RENRS S-R(ERSRENMAlA . EMP-ES S-REMFTHRHF
R R D7) 5.5 km/s F13.2 km/s, FXRMELRER, WUIHIERE P-ES5 S-IKEHA
BB ZI 27028 13 8 12 73 24 7 & 13 B 1243 36 ., 1TEME O SINLAIEEE,
PE/NERySE==R vl

Ans: 92

Assume that the earthquake occurs at time t;, distance R from the station

At=(ts — to) — (tp — to)

R R
At=———
Vs Vg



VoV, 55%3.2
R= 5P At=

- = 12=91.8k
Vo—v, =553 147OL8kM

Question 13

An insulated beaker with negligible mass contains 0.25 kg of water at 70 C. How many
grams of ice at —10°C must be dropped into the water to make the final equilibrium
temperature of the system 30 °C? (Given the fusion heat of ice 334000 J/kg, specific heat of
ice and water 2100 J/kg°C ,4187 J/kg°® Crespectively.)

— R DL S R A e A T B 025 kg, 70 C K. TFERANZ /DT, G
—10 °C ok, 7 ReAd % 2 1~ il B2 1A 21 30 °C? (LUK B A6 78 #4408 334000 J/kg
VKK IR EE #4351l 2100 J/kg°C L4187 J/kg°C. )

Ans: 87
MyClb Ty =ML+ McA T+ mic AT,
0.25(4187)(70—30)=m{334000+2100%10+4187%(30-0))
m;=0.087 kg

Question 14

An ideal Carnot engine is operating between 477 °C and 177 °C with a heat input of 500 J per
cycle. If this engine is used to perform a work so that a 50 kg rock is lifted through a height
of 10 m, at least how many number of cycles is required for the engine?.

B AR W UIRIEAERRE 477 °C 5 177 °C 2 (8], & — IR HHUE IR 1 F4 A 500
Jo HEHBEHNUEE, I 50 kg (04735271 10 m iy, AL THEL N LRI ?

Ans: 25

W= 1—450 500 =200 J
=( 750) B

Energy required to lift the rock £E=mg =50(9.8)10=4900/

The minimum number of cycles = £/ W=24.5



Question 15

A cylindrical tube containing an ideal gas is placed on a smooth horizontal surface. The tube
has a length of 50 cm and is divided into two compartments by a freely sliding piston with an
area of 100 cm?. The thickness of the piston is negligible. Initially, the pressures in the left
and right compartments are both 0.02 N/cm?, the piston’s equilibrium position is 8.0 cm
from the left end. When the tube is pushed to the left with a horizontal force of 2.0 N, the
piston displaces x cm relative to the tube. Determine the value of x. (Assume the temperature
of the gas remains constant.)

AR BRI R AR KT BSCAEOGIR T I E BRAEE I 50 em, Y BRI
9 100 cm?, BT LA ¥ 3 13 FE > FRR A 43 o T FEIN SR T LA ZBE A T IR
I, oA s IR SR 0.02 N/em?, 3% Z8 1) 15 (3 B 7E 125 /2 3 8.0 em Ab. 4 IRIFEE
H 2.0 N [ 22 IR7K-T A HESII, IR AN TIREER S T x 20 R x HE. (i
SRR AEFF AL . )

frictionless piston
8.0 cm p

i —_ >

50 em

Ans: 12
Assume the final equilibrium position is x relative to the left end.
8.0FP=FP,x
42 Py=Pr(50—x)
When the piston is equilibrium again,
PrA—P,A=F

427, , BOR
50—x x

42 Py Ax—8.0 Py A(50—X) = (50— X) X

2.0X2—800=0
x=20

Displacement (20—8) =12 cm



Question 16

The optical model of an endoscope consists of an optical fiber with a refractive index 77,
covered by a cladding with a refractive index 77,. The end of the fiber is surrounded by an
environment with a refractive index /7. By appropriately selecting the refractive indices, light
entering from the end can be transmitted to the other end of the fiber via total internal
reflection. Given /7,=1.6, /1,=1.35, and /73=1, determine the maximum incident angle at the
end for which light can be successfully transmitted through the fiber.

RNBRRH L ERZ—RITHFR MRS, BINERBENFRILNEE. ST
RRIB AT R AR ESE, &S AEBUT RN EER BHREREK B RN
A TUEATGFUAERFN TN EEWE A —iw. SHM=16, m,=135 & m=1, X
Rim NSRRI A FIRFZH IR ANT BE,

Surrounding | Cladding n,
n T
5 & 9 Core ny
N e e e ..
o Cladding n,

Ans: 59

sin®; _n; sin90 ny
sinB, n3' sinB, n,

Where 6,=90 — 0, 6; is the maximum incident angle that ensure the total internal reflection
in the fibre.

sin 6; oy

sin(90—6,) n3

sin B;=n;co0s6,=n; 1—(n—) = |n{—n,2
1

9i=59



Question 17

In the theoretical analysis of Young's double-slit experiment, we assume that the widths of
the two slits are infinitely small. However, the double slits used in the laboratory always
have a finite width. Therefore, which of the following sets of fringes would be observed in a
laboratory double-slit experiment? Select the number corresponding to the correct fringe
pattern.

FER A IR A2 SE R AT HEAR /0 AT IS AT B e X4 25 B B 5 PSR TR PR/ o R 1T S5
EPRAH RN E AR AARKNGEE . Fik, UNR—H RO R in = & 2
AR XN % S5 25 407 I B A A 26 SO B 18U

(1.1)

_

_

Ans: 1.3

Question 18

Figure below shows part of a circuit. X and Y are two junctions on the circuit. Given that
1,=2.0A, ;=34 A, and /;=1.2A, what is the value of current /, in Amperes (A)?.

R ARR AR . Hob XONY v ERIPTA SR, CR1,=2.0A, =34 A,
Ki=12A, REEN NZD? LL Ampere (AN HAL,

~<

Ans: -2.6
1.24+434+1=2=2ip=-2.6A



Question 19

Find the equivalent resistance in the following circuit.

RELN R HIS5E R, BL Ohms (Q) 54 .

R, =100 Q
o—=e & @
R,=50Q R3= Ry =
75 L) 25 Q)
O @
Ans: 52
__ 100x50 _ 75%25
Ri//Ra= 50 33.33Q R3//Ra= 00 18.75Q
Req=33.33 +18.75 = 52.08 Q
Question 20

Three inductors are connected in parallel. Given that L;=L,= 4.0 mH and L3=3.0 mH, find
the equivalent inductance in mH.

SAHUREEIREG, CATHIK Li=L,=40mH & L;=3.0 mH, k& B, [ milliHenry
(mH) A BRI,

Ans: 1.2

1 1

= =12
UL, +1/L, +1/L; 1/4+ 174+ 1/3

Leg =



Question 21

Two small balls of mass m=1.0 g are suspended at the same point by insulating threads of
length L=30 cm. One of the balls carries electric charge Q and the other 2Q. The two balls
repel each other and eventually reach equilibrium with an angle 84°. Determine the charge Q

in micro Coulombs(MC). (take Fleo =9.0x10° Nm?/C?)

FWRER A m=1.0 g B/NIRD A UK L=30 cm NBZLE BHEER—R. HP—/N\KE
BEQ MmA—/NKTHE20Q., MINKBEEHREFEEHEM KA. KEEQI
micro Coulombs (MC) A BRI, (BX F{SOZQ.OX 10° Nm?2/C?)

m m

Ans: 0.28

2¢

tan 0=K—————=—
an mg4L?sir?

1
= /—(ngLzsin2 ftan 6

= W 0.001(9.8)0.32(Sin42°)2tan42°

Q=0.28x1076C



Question 22

A wire 25 cm long lies a long the z-axis and carries a current of 7.4 A in +z-direction. The
wire is located in an region with a uniform magnetic field. The components of the magnetic
field are given by (B,, B,, B,) =(—0.23,-0.78, —0.34) T.

Find the magnitude of the magnetic force (in Newtons, N) on the wire.

—K 25 em IR VAT T z B, WH 7T4A W+z TP FLAAE W, W
W) &N (By By, B,) =(—0.23,—0.78,-0.34) T. R{EAE L L# ORI,
I Newtons(N) A B4,

Ans: 1.5
F=ILxB
=7.4%0.25(0,0,1)%(—0.23,—0.78,—0.34)
=1.85(+0.78,—0.23,0)
Magnitude

F=1.85+0.782+0.232 =15 N



Question 23

An ion gun ejects an unknown ion into a region with a uniform magnetic field of 0.10 T,
directed into the plane as shown below. Two parallel plates aparted0.10 m apply a potential
difference V to select the ion’s speed. When the V=2.0x%103V, the ions pass through the slit
and enter another region with same magnetic field but no parallel plates. These ion beam
thereby deflects. At the end, the beam hits the screen located 30 cm from the slit, with a
deflected distance of 8.7 cm.. Determine the mass-to-charge ratio of the ion in unit 1073 g/C

— B TR ST TR AN AR E N 0.10 T (X, BimE 7 s N EHE A,
BATR . PARER 0.10m B9°FAT AR DL 34 22 V R IFE B FHIGEE . 24 v=2.0x10%V,
BT R A =T R AT I I B a3 N B 5 — AN B A MR X, XA
SPATHAR, BT ORI E M. B 7 W A5 7778 2 k4% 30cm M hE % b, e &
8.7 cm. RETHIFEHBMLE, L1073 g/C NHAL.

Screen

X X X ¥ X X
X X X X X X
0.30m B=0.10T

X X X X X X

! slit
X X X X X X

+ -

- B=0.10T
X X X X X X

+ I N -

+H010Mm N _
X X X X X X

ion gun

Ans: 0.28

v=W/dB=2.0x10° m/s
mrv m
= —=— 20x10°
gB ¢
Let S be the deflected distance from center
s=R—/R2—h?

R-s=vR?—h2
h?+s2
2s

m__ 1 03+0087_ .
q 20x106 2(0087) ~°™Md

RP=(——)?




Question 24

A metal bar with length L=1.0 m, mass m=145 g, and resistance R=8.8 Q is placed on
frictionless metal rails that are inclined at an angle ¢=30° above the horizontal. The rails
have negligible resistance. A uniform magnetic field of magnitude B=0.4 T is directed
downward as shown in figure. The bar is released from rest and slides down the rails.
Calculate the terminal speed of the bar in unit m/s.

K L=1.0m, FifE m=145g, KHH{E R=88 Q& EHENEA— &I L, Wi
5KV ¢=30°, FHHFHATLAZES . JtNE R B=0.4 T 13 SI ;3 BK T
AR, EPTR. HEEEmEEITE T, TR ER &R, Plm/s AL

Ans: 39

F=ILB=—LB
TR

. VLB
mg sinB= R LB

. Rmgsin6 8.8(0.145)9.8sin 30 9 m/s
N 1.020.42 B




Question 25

Observations of galaxies show that the orbital speed of stars around the galactic center is
independent from the distance, for large distances from the center. This behavior deviates
from what is expected under Newtonian gravity. Assume that this phenomenon is due to a
modified gravitational force of the form F=Gm M/ r, where r is the distance from the
galactic center, and k is an unknown exponent, m is the mass of star, M is the total mass
within the distance , and G is gravitational constant. What value of k& would result in a
constant orbital speed, consistent with observations? Give the answer to one decimal place.

ERARWME R, @2 Rt o2, RPuEER 5HERPONEELxR. X147
SR ES T AR . AR BEXAN LR T BB IE R S AR, =G m MY kAR
e, Hr BEGIIERFOIIEE, FRRMPTER. m22EERTE, MZEr UN
MR BE, GAT IHEE. Kk rE @ A i) B AR PUEE R SR TR, & S
AN

Orbital speed

| | | | 1 | ] | |

5 10 15 20 25
Distance to galatic center

Ans: 1.0

The modified gravity is the centrifugal force, G %/l = m_rv2 From here v= |G %/l To make

this independent of the distance, r has to be cancelled out. Hence k = 1.0.



Question 26

One reason the photoelectric effect cannot be explained by classical physics is that, according
to classical prediction, it would take much longer than observed to eject an electron. Consider
the following scenario. A 2.0-Watt light bulb is placed 1.0 meter away from a potassium plate.
Assume an electron in the plate occupies an area modeled as a circle with a radius of 1.0 A.
The energy required to remove the electron from the potassium surface is 2.1 eV. How long
would it take, under classical assumptions, for the electron to absorb enough energy to be
ejected from the plate? Give the answer in seconds.

HP—NHHYELTEERCERNMERE, HAYETUNTEEEBIKAIR 81 6
BH—NET, AMIFERNIELHNTERSTENEHE, LBFHN~E/LTFE—BR
Bf. BEXFE—NMERL, —P20WHITIBRAERZEEH 1L.0mi, BRE— 1 EFS
BOERAKASEFLEZH 1.0 AN, FEik—AfE 7 HH 48RS 75 E R E A
2.1 eV. ML AN, BT 2 A BT A B IR ISOE B8 1 B = 2 4 R
R ? ZRURDNHRAL

Ans: 67

The bulb emits 2.0 J of energy per second uniformly around. The part of this energy that hits
the electron is given by the area of the electron cloud (=72, with r=1071° m) divided by
the total area of the sphere with radius R=1.0 m, i.e. the ratio is %20.25 x107%0
Accordingly, in 1 second the electron absorbs 0.5 x1072° /= 0.03125 eV. Hence to absorb
2.1 eV it takes 2.1/0.03125 = 67.2 seconds.

More than 1 minutes! In the experiment we observe the electron to be emitted practically
instantaneously.



Question 27

According to thermal physics, the probability of a hydrogen atom occupying an energy level

E,, is proportional to the Boltzmann factor, P, e_lf_nr, where k=8.6 x107° eV/K is the
Boltzmann constant. When hydrogen gas is in thermal equilibrium with its environment at
temperature, T = 304 K, calculate the natural logarithm of the ratio of the probabilities that a
hydrogen atom is found in the first excited state (n=2) versus the ground state (n=1),
In(P2/P1). Round the answer to integer. (Ionization energy of a hydrogen atom 13. 6 eV.)

RIERIIE, SRT SR N EMBE SH/REERFREL, Py 677, HiiR
78 B IE k=8.6 X105 cV/K. MESERE N T =304 K HIRE T B AT, if
SR T TR A5 (=) 5 A 7E 3 A5 (=) OB EL (L0 1 SR In(Po/Py)
MEH SRR, (ERTFHFE/REA13.6eV. )

Ans: -390
Ee—Eg
The ratio of probabilities is given by the Boltzmann factor p./p,=€ +7 . From Bohr model

E—E,/~ (—%+1) 13.6 e/=10.2 eV. Hence, the logarithm of the ratio is by

. -390.

Hence at room temperature practically all hydrogen is in the ground state.

Question 28

In an experiment, a muon is observed to travel 800 m before decaying. The proper lifetime of
a muon is given in reference tables as 2.0 x107®s. Find the speed of the muon in the lab
frame in unit 108m/s.

EEALZ R, — Ak TAEZLE 800 m F K AT, CHpk T HEAK A
2.0 x107%s, RpkiF7ESLI AR RIS, BL108m/s S LA
Ans: 2.4

It’s quite easy to make an error here. Namely, one could think that the answer is
800 . . .
TXlO 6=4%108 m/s, which cannot be the case as this is larger than c, and shows that

relativistic effects are important. Indeed, in the laboratory frame the speed of the muon is v =
dit, where t=yt= 1—5 /t due to time dilation. Solving for v we find

v=—5 _ =2 4x108m/s. This is 0.8 c.
P+1232



Question 29

In many physics experiments, we use linear regression to fit experimental data. Linear
regression is the process of finding the appropriate coefficients a and b such that the straight-
line, y = a+bx best approximates the experimental data. But what does “best approximates”
mean? In machine learning, we define a loss function to measure the average difference
between the experimental data and the values predicted by the equation. “Best approximating”
the data means finding the appropriate values a and b that minimize the value of this loss
function.

Now, imagine you are a machine. Given a set of experimental data, you can “scan” all
combinations of a and b using the arrow keys and get the corresponding loss function value
for each combination. Your task is to determine the optimal values for a and b. Keep to
TWO decimal place for the final answer.

VP2 Y SI, JATE LA B R G s ie Bl . Pl &k A2 54k
EYM RS af b, HEELHEy=atbx, HEIELREN. KMt mkE
LY AENLER A B, BRATE AN R B 0K LA S 38 Kidis 5 0 R TRIAR (¥ 1 ¥4 22
Sto SR SEIR B N R B R FHRE S 1 R a AT b, [EASHR PR BUNE IR D

Bkt 2 B, 457 4Lse i, ARATBOEE R A AR T a 71 b (4]
B AT U AR B BORAEL, T O BefE T a A0 b HUBUE . 5o 2 RORE 2/ IR .

Scatter Plot & Line Fit Parameter Space

[ ]
X a
y=a+bx Position: (0.00, 2.50)
Current: y = 0.00 + 2.50x a=0.00
b =250
Loss: 195.25
Controls:

/| arrows: Move up/down (change b)
«—/— arrows: Move left/right (change a)
Step size: 0.05

Ans: -1.6, 0.85

Within the resolution, when a = 1.6, b = 0.85, the loss has a minimum value 0.12.



Question 30

The Ruchardt experiment is a classic physics experiment designed to measure the ratio of
specific heats of a gas.

_C
Y= Cy
The basic setup consists of a glass tube filled with gas and sealed by a lightweight piston
which can move freely up and down with minimal friction. When the piston is at equilibrium
position, its weight is balanced by the pressure difference inside and outside the tube.

mg:(Peq_PO)A

Where Pgg is the equilibrium pressure in the tube, Pg is the atmosphere pressure outside the
tube, g is the gravitational acceleration, A and m are the area and the mass of the piston,
respectively. When the experiment starts, the piston is displaced from its equilibrium position.
After released, it will oscillate in approximate simple harmonic motion. If we assume the
compression expansion of the gas during the oscillation is adiabatic, we can get the value of y
by measuring the period, T of the oscillation.

mH

T?=4n?
YAP¢q

Where H is the equilibrium height of the piston.
Repeat the experiment with the following values of H,
H=35 cm, 30 cm, 25 cm, 20 cm, and 15 cm.

at fixed parameters: m=50 g, A=5.0 cm?, P,=101000 N/m?

Determine the value of y by measuring the periods of the oscillation. Keep to one decimal
place for the final answer.

Virtual Richardt Experiment - Realistic Gas Compression

Experimental Parameters

Mass of Piston,m (g) G
f P as Column
3

H Piston oscillates in gas-filled tube
Piston Initial Position (cm):

. Adiabatic compression/expansion

Equilibrium position,H (cm):

40

Piston Area, A (cm’):

A A
=31
& | | |
SO
2 |
& (1 ‘ | | ‘
Theory 209 |‘ |
g |
For adiabatic oscillations: Eaallf

T? = 4r’mH / (Poq AY)

where y is the adiabatic index, m is
mass, H is the equilibrium position, Peq
is the equilibrium pressure, and A is
aaaaa
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_Cr
Y= Cy

KR EAR BT T AT AR B E 8T DUE B B NS SIS E R . S
FERLAET AL BN T IE N AR E N AN S T 2= T .

mg:(Peq_PO)A

Fort Poq - T IN BHEE TP B 58, P A AN KRS, g NEIJINERE, A J9iGZEH)
AR . IR ITARIT, J& ZERAH IR S0 B, BoRUE, TEESFT T #iEE )
MRBN . HAETRIERE T, BIE N KR R I KR AT R A 7, )T
DAIE i I 4R 30 S R SR ATy I HUE

mH

T?=4n?
YAP¢q

Horn H s 28 PN e 2
LT H B8UE B S2

H=35 cm, 30 cm, 25 cm, 20 cm, and 15 cm.
[ %€ 2% m=50 g, A=5.0 cm?, P,=101000 N/m?,

MEHRa BEAMCK EyRIEUE . &Ja 2 RIRE 2N

Ans: 1.6
H/m T/s T2/s? y= 4T[2m—H2
AP T

0.35 0.092 0.00846 1.601

0.30 0.085 0.0072 1.607

0.25 0.0775 0.006 1.611

0.20 0.0688 0.00473 1.635

0.15 0.0593 0.00352 1.649

Alternatively, plot T2 vs H and find the slope using linear regression.

Or average the five values of .

~~~ End of Questions ~~~




