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(E) 1. Consider the block and spring system shown in the drawing. On the earth’s surface the natural
frequency is . The system is then transported into moon’s surface (Gravitational acceleration: gyoon =

Oeartn/6). How will the natural frequency of the system change?
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(A) 6w (B) V6 » (C) 0/6
(D) /N6 (E) The frequency doesn’t change.

(B) 2. What is this body’s moment of inertia | about axis through disk A?
__ i
= ; = 4.0 kg

05m ~
Axis 1 through disk A 4 03 m
(perpendicular to plane 2

of figure) — :f‘;";/
&‘\“ "\i’"’ 0.4m _Lc
A f \ - —mc=5.0kg

/

N J
N 4
2P

My = 1.0 kg
(A)1.8kgm  (B) 1.8 kg'm? (C) 4.0 kg'm (D) 4.0 kg'm? (E) 5.0 kg'm?

(C) 3. The figure shows a plot of the time-dependent force F,(t) acting on a particle in motion along the
x-axis. What is the total impulse delivered to the particle?

F(N)
3

o3

1

0 1 2 3 1(s)
(A)Okgm/s (B)1lkgm/s (C)2kg'm/s (D) 3kgm/s (E) 4 kgm /s

(B) 4. Ablock of mass m sliding down an incline at constant speed is initially at a height h above the ground,
as shown in the figure. The coefficient of kinetic friction between the mass and the incline is p. If the
mass continues to slide down the incline at a constant speed, how much energy is dissipated by
friction by the time the mass reaches the bottom of the incline?
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(A) mgh/p (B) mgh (C) umgh/sin6 (D) mgh sinf (E)O

(D) 5. A baseball is thrown vertically upward and feels no air resistance. As it is rising
(A) both its momentum and its mechanical energy are conserved.
(B) both its momentum and its kinetic energy are conserved.
(C) its kinetic energy is conserved, but its momentum is not conserved.
(D) its momentum is not conserved, but its mechanical energy is conserved.
(E) its gravitational potential energy is not conserved, buts its momentum is conserved.

(C) 6. Which step is one of the Carnot cycle?
(A) Isobaric compression (B) Isochoric compression
(C) Isothermal compression (D) Isochoric expansion
(E) Isobaric expansion

(B) 7. One surface is remained at temperature of 300 K and it’s heat current in radiation is H. When it was
heated to 600 K, what is the heat current in radiation of this surface comparing to that at 300 K?
(A) 32H (B) 16H (C) 8H (D) 4H (E) 2H

(B) 8. Aconducting sphere is charged up such that the potential on its surface is 100 V (relative to infinity). If
the sphere's radius were twice as large, but the charge on the sphere were the same, what would be the
potential on the surface relative toinfinity?

(A)25V (B) 50 V (C) 100V (D) 200 V (E) 400 V

(D) 9. There is a solid insulating sphere with radius R and total charge Q. Which diagram is correct for
electric field E at any pointinside or outside the sphere?

E E

w e N\ o O\ o {E ® | \_

r
R R R

(D) 10. An object is placed at a distance 5.0 cm to the left of a concave mirror with a curvature radius 5.0
cm. Determine the location and magnification of the image formed by this image system.
(A) The image is formed 2.5 cm to the right of the mirror and it has a magnification of .1/2.
(B) The image is formed 5.0 cm to the right of the mirror and it has a magnification of .1.
(C) The image is formed 2.5 cm to the left of the mirror and it has a magnification of 1.
(D) The image is formed 5.0 cm to the left of the mirror and it has a magnification of .1.
(E) The image is formed 1.25 cm to the left of the mirror and it has a magnification of .1/4.

(C) 11. Soap bubble is colorful. What is the phenomenon of the colorful reflection appeared in the thin films?
(A) Diffraction (B) Dispersion (C) Interference
(D) Refraction (E) Total refraction

(C) 12. One rope with weight 2.0 kg and length 10.0 m is tied on a shelf and stretched taut by a 98 kg box at
the bottom. What is the speed v of a transverse wave on the rope? (Gravitational acceleration g = 10
m/s?)
(A) 10.0 m/s (B) 10.7 m/s (C) 70.0 m/s (D) 70.7 m/s (E) 100.0 m/s

(E) 13. A80 kg baseball player begins his slide into third base at speed of 5 m/s. The coefficient of friction
between his clothes and ground is 0.8 to make him stopped when he reached the third base. How far
does he slide?

(A)1.22m (B) 1.32m (©)141m (D) 1.50 m (E) 1.59 m
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(D) 14. Given that the wavelengths of visible light range from 400 nm to 700 nm, what is the highest
frequency of visible light? (c = 3.0 x 10° m/s)
(A) 3.1 x 10°Hz (B) 5.0 x 10° Hz (C) 4.3 x 10" Hz
(D) 7.5 x 10" Hz (E) 2.3 x 10 Hz

(A) 15. There is a doughnut-shaped toroidal solenoid with 200 turns of wires carrying current 0.02A. The
inner radius of that is 1 m and outer radius is 5 m. What is the magnetic field B of this
doughnut-shaped toroidal solenoid at the point with distance 0.5 m from center of that? ( p, is
permeability constant)

(A)0 (B) 4 po/m (©) 2 po/m (D) no/2m (E) no/4n

[EE58] #3824 531204 B4 18G4 054 Gaci 2 8FLAZ L AIEE > 244
Aok o 3160485 32 - 61~90 485 - F o

(D) 31. In a baseball game, the pitcher throw a ball (150 g) at a speed of 30.0 m/s. The batter hit it straight
back with a speed of 40.0 m/s. What is the average force exerted by the bat if the bat-ball contact time
is 0.005 sec?

(A) 300 N (B) 14000 N (C) 1200 N (D) 2100 N (E) 900 N

(E) 32. A bullet of mass m traveling at speed v strikes a block of mass M, initially at rest, and is embedded in
it as shown below. Howfar will the block with the bullet embedded in it slide on a rough horizontal
surface of coefficient of kinetic friction w before it comes to rest?

v,=0
m_x, » ; —
Before A After ﬁ
o ENED) 6 © O )
© G  © G ()

(E) 33. An unusual spring has a restoring force of magnitude F = (2.00 N/m)x + (1.00 N/m?)x?, where X is the
stretch of the spring from its equilibrium length. A 3.00 kg object is attached to this spring and
released from rest after stretching the spring 1.50 m. If the object slides over a frictionless horizontal
surface, how fast is it moving when the spring returns to its equilibrium length?

(A) 5.84 m/s (B) 4.33 m/s (C) 2.06 m/s (D) 5.48 m/s (E) 1.50 m/s

(B) 34. Two blocks are in contact on a frictionless table. A horizontal force is applied to the larger block.
F =100 N, m; /m, = 2. The force acting on the small block from the larger one is,

my

m,
£,

(A)1002N  (B)100/3 N (C) 100/4 N (D) 100/6 N (E) 100/8 N
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(B) 35. A uniform solid sphere of mass M and radius R rotates with an angular speed w about an axis through
its center. A uniform solid cylinder of mass M, radius R, and length 2R rotates through an axis running
through the central axis of the cylinder. What must be the angular speed of the cylinder so it will have
the same rotational kinetic energy as the sphere?

(A) 20/5 (B) 20//5 (C) o5 (D) /2/50 (E) 4w/5

(B) 36. Two Earth satellites, A and B, of same mass m, are to be launched into circular orbits about Earth’s
center. Satellite A is to orbit at an altitude of Earth’radius, hy = Re. Satellite B is to orbit at an altitude
of 2h,. The ratio of the total energy of satellite B to that of satellite Ais,

(A) 1/2 (B) 2/3 (©2 (D) 3/2 (E) 1/4

(D) 37. A charged dust particle of mass m = 32 mg and charge value q =100 nC is releasing from plate 1 with
zero speed,where V; =130 V, and V, = -30 V. The dust particle velocity when reaching plate 2 is,
| d |
[ |

V; V,
(A) 0.03 m/s (B) 0.05 m/s (C) 0.75 m/s (D) 1.00 m/s (E) 1.25 m/s

(E) 38. As a gas is held within a closed chamber, it passes through the cycle shown in the figure. Along path
ab, the change in the internal energy is 3.0 J and the magnitude of the work done is 5.0 J. Along path
ca, the energy transferred to the gas as heat is 2.5 J. How much the change in the internal energy along

path bc?
P
a g B
g n
(A)+5.5] (B) +10.5J (C)-0.517 (D) -10.517 (E)-5.5J

(E) 39. A30.0 g bullet shoot into an ice at speed of 2.4x10°m/s and stay inside. Assume the kinetic energy is
transfer to thermal energy, and absorbed by the ice, what is the change in entropy of the ice?
(A) 86.4J/IK (B) 27.0J/K (C) 31.6J/IK (D) 2.7 JIK (E) 3.16 J/IK

(D) 40. In process ab, 20 J of heat is added to the system. In process bd, 80 J of heat is added to the system.
Find the internal energy change AU in process acd?

P (Pa)
7 k- _f'g‘ d
2 - _ﬂ I Ic
I |
ol 5
(A) 0] (B) 20 J (C) 59 J (D) 79 ] (E) 100 J

(x) 41. The density of wood, water and unknown liquid are 0.8 g/cm® 1.0 g/cm® and 1.2 g/cm™ respectively.
The volume ratio of the wood that can be seen in water and unknown liquid is
(A) 5/6 (B) 3/4 (C) 213 (D) 172 (E) 1/4
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(x) 42. Water flows through a horizontal pipe and then out into the atmosphere, where d,/d; = 2. The speed of
the water at the output of the pipe is v;= 10 m/s. The desity of water is 1g/cm®. What is the gauge
= T\ T T =1.01x10°Pa)

‘2 —\". \?l
P i R

(A) 4.6 atm (B) 4.8 atm (C) 5.0 atm (D) 5.2 atm (E) 5.4 atm

(A) 43. A patient need an intravenous drip contains a glucose solution. If the average pressure in the vein is
1.30 kPa, what is the minimum height to hang the bag in order to infuse glucose into the vein?
Assume the specific gravity of the solution is1.02.

(A)0.13m (B) 1.30 m (C)0.26 m (D)2.6 m (E) 0.52m

(D) 44. A balloon is to be filled with helium and used to suspend a mass of 300 kg in air. If the mass of the
balloon is neglected, which of the following gives the approximate volume of helium required? (The
density of air is 1.29 kg/m® and the density of heliumis 0.18 kg/m?)

(A)50 m* (B) 95 m® (C)135m* (D) 270 m® (E) 540 m®

(C) 45. There are two parallel-plate capacitors with same plate area A. As the figure illustrated, C, is filled
with two materials of dielectric constants xand 2, while C, is filled with only one material. The
capacitance ratio C,/ C, is

A2 A2
C; K 2Kk + d
C:: K d
(A)0.5 B)1 (©) 15 (D) 2 (E) 25
(E) 46. What is the equivalent resistance of the circuit in the figure?
a——AMN——F— WV
80 1 5.4Q
12V T 60 & 1
p—AMN——F—MWA—
8Q 90
(A) 8.6 Q (B) 13.8 Q (C)3.6Q (D) 42.4 Q (E) 19.6 Q

(x) 47. There is a straight current-carrying conductor with current | =10 A and length L = 2 m. What is the

magnetic field B of this conductor at the distance 2 m from that? ( po is permeability constant )
(A) Suo (B) Spo/m (C) Spo/2m (D) po/2m (E) po/m

(B) 48. If the displacement current in a parallel-plate capacitor (0.5 uF) is 4.0A, at what rate is the potential
difference varying across the plates?

(A) 2.0 x 10° V/s (B)8.0x 10°V/s (C) 4.0 x 10°
V/s
(D) 1.25 x 10" V/s (E) The potential difference is not varying

(x) 49. Three charge particles are situated as illustrated. Particle 1 and 2 are fixed, while particle 3 is free to
move. If there is no net force on the particle 3, what is the charge ratio q,/q;?

1 2 3
(A) 2 (B) 2/3 )3 (D) -2/3 (E) -2
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(D) 50. The sliding bar has a length of 1.0 m, and moves at 3.0 m/s in a magnetic field of magnitude 0.5 T.
This could induced motional emf. If the resistance in the circuit is 1.0 Q, what is the power delivered
to the resistor if the current goes counterclockwise around the loop?

X X
| X X .
B, e -
J § % gin Fr
, Fapp
X x
(A)0.85W  (B)1.35W (C) 1.80W (D) 2.25 W (E) 2.55 W

(B) 51. What is the critical angle when a ray passes from diamond into air? The index of refraction for air
and diamond is 1.00 and 2.42, respectively.

(A) 0° (B) 24° (C) 30° (D) 36° (E) 66°

(E) 52. The figure shows the energy levels for an electron in a finite potential energy well. If the electron

makes a transition fromthe n = 3 state to the ground state, what is the wavelength of the emitted
photon?

~Nonquantized
-

150 — Top of well

Fy =393 €V

Energy (eV)

Ey =233 eV

I I':_. = 106 eV

E, =27V

(A) 5.3 nm (B) 3.0 nm (C)5.3nm (D) 5.7 nm (E) 6.0 nm

(B) 53. Light of wavelength 500 nm is incident upon a single slit with width 2 x 10™* m. The diffraction
pattern is observed on a screen positioned 4 m from the slit. Determine the distance of the second dark
fringe from the central peak.

(A) 0.01m (B) 0.02m (C) 0.03m (D) 0.04m (E) 0.05m

(B) 54. Unpolarized light can be polarized, either partially or totally, by reflection. What is the polarizing
angle when a ray passes from diamond into air? The index of refraction for air and diamond is 1.00
and 2.42, respectively.

(A) 0° (B) 22° (C) 31° (D) 42° (E) 66°

(B) 55. Monochromatic light is normally incident on a diffraction grating that is 1 cm wide and has 12,500
slits. The first order lineis deviated at a 30° angle. What is the wavelength of the incident light?
(A) 300 nm (B) 400 nm (C) 500 nm (D) 600 nm (E) 1000 nm

(B) 56. The work function for a certain sample is 2.3 eV. The stopping potential for electrons ejected from the
sample by 6.0 x 10** Hz electromagnetic radiation is (¢ = 3.00 x 10° m/s):
AoV (B) 0.18 (©)0.36 V (D)2.0V (E)3.6V

(x) 57. Apolice car chases fugitives on the highway at 144 km/hr, its siren emitting sound at a frequency of
500 Hz. What frequency is heard by a passenger in a car traveling at 108 km/hr in the opposite

direction as the police car and car approach each other? Assume the speed of sound in the air is 345
m/s.

(A) 420 Hz (B) 495 Hz (C) 545 Hz (D) 595 Hz (E) 625 Hz
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(D) 58. Two cars are approaching to each other. Car Amoves at speed v, = 108.0 km/hr, and the car B at vg =
72.0 km/hr. The car Asends out a horn sound traveling in air with speed of 343 m/s. The horn’s sound
frequency as detected by the car B is 1000 Hz. The horn’s sound frequency that car Asendsoutis .
(A)1212Hz  (B) 1154 Hz (C) 948 Hz (D) 862 Hz (E) 821 Hz

(D) 59. The wave function of the string wave is given by y(x,t)=0.2mx h[(ZOm‘l)x +(1OS_l)t] , Where h
denotes a general function. The speed of a wave is :
(A) 2m/s (B) 1.5m/s (C) 1 mis (D) 0.5m/s (E) 0.25 m/s

(A) 60. A standing sound wave pattern on a long string is described by y(X,t)=0.008xsin (10zx)cos(20 zt)(all
in Sl unit). The distance between two nodes is .
(A)0.1m (B)0.2m (C)0.3m (D) 0.4m (E)0.5m

2-7



109

EREE| sEEEARERT [SEET]

i

Y I

REF(MAR)EFRE

ST

AT 441094582 144 B I £ F 2 57 -

. B#HEFE  ABBRNBEHNELEM T » SENREAREZENERS -
EMEBSTHR STUREENAES  REARELFE - BOBHEAEMN
WARRE > B RBMPISBERT IR E IR FTARREZL - KI5 95%
U EGREE > hG s ER - HAEREF  HFERETRALtEREEE
#HAZH > BB S RGKYE - ARMBILGHER - BHIEBRALREE - TEARE
B4 > S —FHRREEZPIIEFA THALAR REFH N TR -

2. AFMETEI®  HMRAENZELERHEM > FEHEE -HRBALA > tE
AR R EREAE BB RREZIARER SR ARG S
# A 80% A Ly ¥ o B RE R IR LS - RIAEFRE - R
YT RIS o BT AR R

3. hAeAKEF@  AABRNISEMELEM T ASFWMIERA - FHABS
s> 2@FEENL  FRRANEXEL DT - L E L1085y
he > HAAEEGEBEAMBT o LIFHALEG K> ARRE - WLRE
R ARMES - h— @ BEAREREXETHh@me) E AR FE24UR
HRMANEER  FAARATLEMNCT KT BREIANFEREES
I -

4. BRBEEHEZFNTFH S RAEBAEE S » HaTh4 > 6565 X LRI FE R
& FHREGHELECOS LT -

RETE

2-8



EYsuss amuzsenmnr (sus)

Ri R AT AR

[E£m ] 541 »

1. Consider the block and spring system shown in the drawing. On the earth’s surface the
natural frequency is . The system is then transported into moon’s surface (Gravitational
acceleration: gvoon = grart/6). How will the natural frequency of the system change?

(A) 6w (B) V6w (C) w/6
D) w/ 6 (E) The frequency doesn’t change.
1. # : (E)

k \ -
w = \/% EAEE TN ¢ fHERH

2. What is this body’s moment of inertia I about axis through disk A?

B
pre

"e 4.0 kg

0.5m
Axis | through disk A O3 m
perpendicular to plane

.. 04m ¢
\ me = 5.0 kg

"1 T 1.0 kg
(A) 1.8kgm (B)18kg-m®  (C) 40kg-m (D) 40kg-m> (E) 50kg- m’
2. % : (B)
EBI:Emiriz

I=4x(05)+5x(04)" =1.8kg- m’]

ol hgure)
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3. The figure shows a plot of the time-dependent force F (7) acting on a particle in motion
along the x-axis. What is the total impulse delivered to the particle?

F.(N)

0 | 2 3 us)
(A) Okg-m/s (B) lkg- m/s (C) 2kg- m/s (D) 3kg-m/s (E) 4kg- m/s
3.8 : (C)

total impulse Ap= F _(¢)-t BRI EE

=%x 2x2) =2[kg- m/s]

4. A block of mass m sliding down an incline at constant speed is initially at a height h
above the ground, as shown in the figure. The coefficient of kinetic friction between the
mass and the incline is u. If the mass continues to slide down the incline at a constant speed,
how much energy is dissipated by friction by the time the mass reaches the bottom of the
incline?

(A)ymgh/u (B)mgh (C) umgh /sin@ (D) mghsinf (E)O
4. #% : (B)
RIREEEEBHARIE N E By constant speed » BN IA1AZE » HIlE
mgsinf = f,

BRI ERIT
W, = fix = mgsinbx

h
=W, =fix=mg sine(ﬁ) =mgh

5. A baseball is thrown vertically upward and feels no air resistance. As it is rising
(A) both its momentum and its mechanical energy are conserved.
(B) both its momentum and its kinetic energy are conserved.
(C) its kinetic energy is conserved, but its momentum is not conserved.
(D) its momentum is not conserved, but its mechanical energy is conserved.
(E) its gravitational potential energy is not conserved, buts its momentum is conserved.
5.4 (D)
Vi CiES A 2 E I - BEREIEATA -
RRZAERIATT o HIREESTIAL -
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6. Which step is one of the Carnot cycle?
(A) Isobaric compression  (B) Isochoric compression (C) Isothermal compression
(D) Isochoric expansion (E) Isobaric expansion
6. # : (C)
s R FH W 1 R AR ~ {48 B TR Rk

7. One surface is remained at temperature of 300 K and it’s heat current in radiation is H.
When it was heated to 600 K, what is the heat current in radiation of this surface comparing
to that at 300 K?

(A) 32H (B) 16H (C)8H (D)4H (E)2H
7. # : (B)
For thermal radiation, heat current is defined as
H = oAT"

, Where the constant of proportionality ¢ is the Stefan—Boltzmann constant, A is the
radiating surface area, and 7 is temperature.

H T

H 1T

H 300" 1

H  600* 16
— H'=16H

8. A conducting sphere is charged up such that the potential on its surface is 100 V (relative
to infinity). If the sphere's radius were twice as large, but the charge on the sphere were the
same, what would be the potential on the surface relative to infinity?

(A)25V B)sov (C) 100V (D)200V (E) 400 V
8. # : (B)
Vv ==£§5g2 =100 = KO
R R
V'=Q V'=Q=m=50[v]
R' 2R

9. There is a solid insulating sphere with radius R and total charge Q. Which diagram is
correct for electric field £ at any point inside or outside the sphere?

X 4 £
(A) _\ (B) \ (©)
' R o ‘ R o R

E E

(D) (E) K

R R
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9. # : (D)
solid insulating sphere
r<R = Qr 3 xr
4me R
E _,= Q 5 = const.
4me R
o 1

R -_—
ST N

10. An object is placed at a distance 5.0 cm to the left of a concave mirror with a curvature
radius 5.0 cm. Determine the location and magnification of the image formed by this image
system.
(A) The image is formed 2.5 cm to the right of the mirror and it has a magnification of -1/2.
(B) The image is formed 5.0 cm to the right of the mirror and it has a magnification of -1.
(C) The image is formed 2.5 cm to the left of the mirror and it has a magnification of 1.
(D) The image is formed 5.0 cm to the left of the mirror and it has a magnification of -1.
(E) The image is formed 1.25 cm to the left of the mirror and it has a magnification of —1/4.
10. # : (D)

Ui < Sk Ry B R - FREE R E R f >0 ffiRPE R>0

1 1 1.2
p g9 f R
1 1 2
= —4+—=—
5 g 5
=q=5>0 (BREHETINLE)
5
Akm m=-Lo2 -1
p 5

11. Soap bubble is colorful. What is the phenomenon of the colorful reflection appeared in
the thin films?
(A) Diffraction (B) Dispersion (C) Interference (D) Refraction (E) Total refraction
11. # : (C)

MEEEE 2 B BT P E 5

12. One rope with weight 2.0 kg and length 10.0 m is tied on a shelf and stretched taut by a
98 kg box at the bottom. What is the speed v of a transverse wave on the rope?
(Gravitational acceleration g =10 m/ s2)

(A)10.0m/s (B) 10.7 m/s (C) 70.0 m/s (D) 70.7 m/s (E) 100.0 m/s

12. # : (C)

EEIV=\/z
u

90 x 10
2

10

VY =

= 70[m/s2]

2-12



EYsuss amuzsenmnr (sus)

[ E:%ra] 5225

31. In a baseball game, the pitcher throw a ball (150 g) at a speed of 30.0 m/s. The batter hit
it straight back with a speed of 40.0 m/s. What is the average force exerted by the bat if the
bat-ball contact time is 0.005 sec?

(A)300 N (B) 14000 N (C) 1200 N (D) 2100 N (E) 900 N

31. # : (D)

Ap

F =——

EH At
Fo |-0.15 x 40 - 0.15 x 30| _2100[N]

0.005

32. A bullet of mass m traveling at speed v strikes a block of mass M, initially at rest, and is
embedded in it as shown below. How far will the block with the bullet embedded in it slide
on a rough horizontal surface of coefficient of kinetic friction u, before it comes to rest?

vE=O

m v
- —— M - —

Before After
m+M\ v? m+M\ v? m+M\ [ v?
(A)( m )(Zng) (B)( M )(Mg) (C)( M ) (Zng)
m v? m V(v
®) (m"'M)(szg) ®) (WH‘M) (Zukg)
32. # : (E)
HEIE R
mv+0=(M+m)v,, =V, = &
M+m
H F =ma

-y (M +m)g=(M+m)a=a=-ug
i v =v, +2ax

2 2
my m 1%
0=(——)+2(- =
YTEET U (m+M) (2ng)

33. An unusual spring has a restoring force of magnitude F = (2.00 N/m)x + (1.00 N/m? %%,
where x is the stretch of the spring from its equilibrium length. A 3.00 kg object is attached
to this spring and released from rest after stretching the spring 1.50 m. If the object slides
over a frictionless horizontal surface, how fast is it moving when the spring returns to its
equilibrium length?

(A)5.84m/s (B)4.33m/s (C) 2.06 m/s (D) 5.48 m/s (E) 1.50 m/s

33. ## : (E)
f 15 )
W= [ Fdx=["Qx+x"dx=3375=-(U,-U)=-0-U)=U,
A STIL E =K +U
1
0+3.375=5x3xv2+0
= v =1.5[m/s]
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37. A charged dust particle of mass m = 32 mg and charge value ¢ =100 nC is releasing from
plate 1 with zero speed, where ;=130 V, and V,=-30 V. The dust particle velocity when
reaching plate 2 is,

— d —]
q

V) v,

(A)0.03m/s (B)0.05m/s (C)0.75m/s (D) 1.00m/s  (E)1.25m/s
37. # : (D)

V=—my’
q 2mv
1
100 x 107°(160) = 7 X (32 100w = v =1[m/s]

40. In process ab, 20 J of heat is added to the system. In process bd, 80 J of heat is added to
the system. Find the internal energy change AU in process acd?

7 (Pa)
b d

g BN ol oL
Yo -
1 v (m?)
ol 5
(A)0] (B) 2017 (C)591 (D) 797 (E) 100 J
40. #2 : (D)
AUabd = AQabd - AWabd

=100-21=79
EU AUahd = AUacd = 79

41. The density of wood, water and unknown liquid are 0.8 g/cm3, 1.0 g/cm3, and 1.2 g/cm3,
respectively. The volume ratio of the wood that can be seen in water and unknown liquid is
(A) 5/6 (B) 3/4 (©)2/3 (D) 12 (E) 1/4
41. % : D) EAR(RLE)

B=W

Vunder—w(W)X1xg=V0_W XO.SXg@——_=_

Vo w 1 5
08 2
under —unknown(W)
Vunder—unknown(W) X 12 X g = VO—W X 08 X g = VO_W = E = 5
e Vuﬂ er—w VM"[ er —unKnown 0'2 0'4 1 1
B I iy
Vo w Vo w 1 1.2 53
The volume ratio of the wood that can be seen in water and unknown liquid is
Vunder—w(W) - E
Vv 5

under —unknown(W)
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42. Water flows through a horizontal pipe and then out into the atmosphere, where d./d; = 2.
The speed of the water at the output of the pipe is v;= 10 m/s. The density of water is 1 g/cm3.
What is the gauge pressure at the left section? (1 atm = 1.01 x 10’ Pa )

\ T 3
\ v I V)

— /!2 dy j—

/ l ¥
(A)4.6atm  (B)4.8 atm (C) 5.0 atm (D) 5.2 atm (E) 5.4 atm
42. 7 (A) RER(&EF)
The speed in the left section of pipe is

A d 1
v, = V‘(A_l) = VI(d_l)z = (10m/s)(5)2 =2.5m/s

1 |
FHESSFITHER o+ 5 ovi + gy = P+ 0v + pgy,

A B horizontal pipe > Hl y, =y,
1, 1,
D +Epv1 =P, +EPV2

1 1
= Pam + 5 X 1000 x 10* = p, +o % 1000 x 2.5°
gauge pressure at the left section Ap

Ap=p,-p,, = % x 1000 x (10° = 2.5%) = 46875[ Pa] = 0.46[ atm |

47. There is a straight current-carrying conductor with current /=10 A and length L =2 m.
What is the magnetic field B of this conductor at the distance 2 m from that? (g, is
permeability constant )
(A) 5, B)5u, /n (C)Su, 2n (D) uy/2n (E) uy/n
47. 7 (C) R (& E %)

ol

The condition for the formula of B = i— is r<<L
T

In this problem L=2m, r =2m
HEG BERE - QA
B = Uy _ Uy x10 =5‘u0

2ar 2w x2 2w

49. Three charge particles are situated as illustrated. Particle 1 and 2 are fixed, while particle
3 is free to move. If there is no net force on the particle 3, what is the charge ratio ¢./q,?

R P
i 2 E
(A)2 (B) 2/3 ©)3 (D) -2/3 (E) -2

49. 7 - (D) PR (&4 %)

9.4, 9,495
F.=F.+F, =k +k =0
PR TE N (L+2L) QL)

ql 5 + QZ 5 =0
(3L)" (2L)
_a_ %
9 4
_ 4 _ 4
9 9
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57. A police car chases fugitives on the highway at 144 km/hr, its siren emitting sound at a
frequency of 500 Hz. What frequency is heard by a passenger in a car traveling at 108 km/hr
in the opposite direction as the police car and car approach each other? Assume the speed of
sound in the air is 345 m/s.

(A) 420 Hz (B) 495 Hz (C) 545 Hz (D) 595 Hz (E) 625 Hz

57. % : D) EHAR (/LR

1
. 345+108 x 32?)?)

['=(—5F =( 1000 % 300 = 614.7[He]
VoY 345144 x ——
3600

58. Two cars are approaching to each other. Car A moves at speed v4= 108.0 km/hr, and the
car B at vg= 72.0 km/hr. The car A sends out a horn sound traveling in air with speed of 343
m/s. The horn’s sound frequency as detected by the car B is 1000 Hz. The horn’s sound
frequency that car A sends out is

(A)1212Hz (B)1154Hz  (C) 948 Hz (D) 862 Hz (E) 821 Hz
58. #2 : (D)
V+Vy
fl=(—"Nf
V=V,
343+ 72 x 1288
1000 = ( 000 <
343-108 x —
3600
= f =862[Hz]

(B2 fadr > bk § 2R 5 & [F2FEaEiRit] - 3)
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6. Which step is one of the Carnot cycle?
(A) Isobaric compression  (B) Isochoric compression (C) Isothermal compression
(D) Isochoric expansion (E) Isobaric expansion

6. %% : (C)
e R T ESELL

4. The Carnot cycle consists of
(A) two adiabatic processes and twgAsoch@tic processes
(B) two isothermal processes and two isgbari@iprocesses
(C) two isothermal processes.and twosadiabati€processes
(D) two isobaric processeﬁ%% isochoric processes
(E) None of the above.

4.5 : () /
The Carnot cycle consists 0f tw thermal processes and two adiabatic
processes.

=7
S 4 P B R 10945 /L 95% 4
9. There is a solid insulating sphere with radius R and total charge Q. Which diagram is
correct for electric field £ at any point inside or outside the sphere?

E E E
(A) _\ (B) \ (©) \
; R r . R . » R r
E E
!
(D) /\ E) k
- . - I—R . p
9. # : (D)

EhAE B T YHGRE G 16

8. Which of the following graphs represents the magnitude of the electric field as a
function of E the distance from the E center of a solid charged conducting sphere of
radius R?

E E E E E

R x = ®'® &= R
A B C D E
(A) (B) ©) (D) (E)
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14. Given that the wavelengths of visible light range from 400 nm to 700 nm, what is the
highest frequency of visible light? (c = 3.0 x 10° m/s)

(A)3.1 x 10° Hz (B) 5.0 x 10° Hz (C) 4.3 x 10" Hz
(D) 7.5 x 10" Hz (E) 2.3 x 10*° Hz
14. #& : (D)

SR E TSR 28

1. The wavelength of light visible to the human eye is on the order of 5 x 10" m. If
the speed of light in air is 3 x 10° m/s, find the frequency of the lightwave.
(A)3x10"Hz (B)4x10°Hz (C)5x10"Hz (D)6x10“Hz (E)4x 10" Hz
1.#: (D)

v=fA

3x10% = f(5x107)

= f =6x10"[Hz]

S P Y094 5 = 90% <+

37. A charged dust particle of mass m = 32 mg and charge value ¢ =100 nC is releasing from
plate 1 with zero speed, where V=130 V, and V,=-30 V. The dust particle velocity when
reaching plate 2 is,

(A) 0.03 m/s (B)-0.0S mis  (C)0.75m/s  (D)1.00m/s  (E) 1.25m/s
37. #& : (D)

e e Y (TEEEE )

9. What is the speed of a proton that has been accelerated from rest through a
potential difference of 4.0 kV?

(A) 1.1 x 10 m/s (B) 9.8 x 10° m/s (C) 8.8 x 10° m/s
(D) 1.2 x 106 m/s (E) 6.2 x 10° m/s
9. % : (O)

1,

Emv' =qV

=5 %(9.11 x 107" x 1836)v° = (1.6 x 107"")(4000)
= v =8.7x10"[m/s]
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42. Water flows through a horizontal pipe and then out into the atmosphere, where d./d; = 2.

The speed of the water at the output of the pipe is v; = 10 m/s. The density of water is 1 g/cm3.

What is the gauge pressure at the left section? (1 atm = 1.01 x 10’ Pa )

O ) T L “I
— 11._, dy r—
l '

(A)46atm (B)48am  (C)S.0atm  (D)52atm  (E)S.4atm
2.8 :A) 2R (£E5%)

SRR E Y (CEEERE)

10. Water pressurized to 3.5 x 10° Pa is flowing at 5.0 m/s in a horizontal pipe which
contracts to 1/3 its former area. What are the pressure and velocity of the water after
the contraction?

(A) 2.5 x 10° Pa, 15 m/s (B)3.0x 10°Pa, 10m/s (C)3.0x 10° Pa, 15 m/s
(D) 4.5 x 10° Pa, 1.5 m/s (E) 5.5 x 10° Pa, 1.5 m/s
10. & : (A)

H Ay, =4y,

A(5) = (%A,)vz = v, =15[m/s]

1
53] P+ pvi +pgy, =Pz+-2‘PV§+ngz

PR | 1
3.5x10’+5x1000x52=P2+—2—x1000x15‘

= 3.5 x10° = P, +100000
= P, =2.5x10°[ Pa]
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48. If the displacement current in a parallel-plate capacitor (0.5 pF) is 4.0 A, at what rate is
the potential difference varying across the plates?

(A) 2.0 x 10°V/s (B) 8.0 x 10°V/s (C) 4.0 x 10° V/s
(D) 1.25 x 10" V/s (E) The potential difference is not varying
48. #2 : (B)

R E T (TEERERE)

26. A 1.2-m radius cylindrical region contains a uniform electric field along the
cylinder axis. It is increasing uniformly with time. To obtain a total displacement
current of 2.0 x 10° A through a cross section of the region, the magnitude of the
electric field should change at a rate of:

(A) 5.0 V/m's (B) 12 V/m:s (C) 37 V/m's
(D) 50 V/m's (E) 4.0 x 10" V/m's
26. #& : (D)
dg, d
B i, soj—sod—EA
2x10° = 1 - 71( )2d—E
47 x9x10 dt
. 50[V /m- s]
dt
0/ A
B R P10 F R W% ¥

51. What is the critical angle when a ray passes from diamond into air? The index of
refraction for air and diamond is 1.00 and 2.42, respectively.

(A) 0° (B) 24° (C) 30° (D) 36° (E) 66°
51. 2 : (B)

BRI (TR )

8. A layer of water (n = 1.333) floats on carbon tetrachloride (n = 1.461) contained in
an aquarium. To the nearest degree, what is the critical angle at the interface between
the two liquids?

(A) 88° (B) 78° (C) 66° (D) 58° (E) 43°

8. # : (O

6, =sin| L =sin-'(@)=65.78°
n 1.461

2
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52. The figure shows the energy levels for an electron in a finite potential energy well. If the
electron makes a transition from the n = 3 state to the ground state, what is the wavelength of
the emitted photon?

V)

Energy

(A) 23 nm (B) 3.0 nm (C) 5.3 nm (D) 5.7 nm (E) 6.0 nm
52. #& : (E)

SRR E Y (EEET) =11
37. The right figure shows the energy levels for an electron

in a finite potential energy well. If the electron makes a 6
transition from the n= 3 state to the ground state, what is the 4so | RIS

% Nonquantized
i

—Top of well

wavelength of the emitted photon? g == K= 398 eV

(A) 6.0 nm (B) 5.7 nm (C)53mm § |

(D) 3.0 nm (E) 2.3 nm | e Ey=233 eV

37. ﬁ- . (A) | e By = 106 €V
233—27—$=>)L=6.01[nm] go=———istg

R L PTRE100 S T = A 80% 4

53. Light of wavelength 500 nm is incident upon a single slit with width 2 x 10"*m. The
diffraction pattern is observed on a screen positioned 4 m from the slit. Determine the
distance of the second dark fringe from the central peak.
(A)0.01 m (B)0.02m (C)0.03m (D) 0.04 m (E) 0.05m
53. #& : (B)
SRR E TV (EE ) EEEHE
37. For diffraction of waves by a single slit of width a at a distance D from the screen,
which is right?
(A) the first maximum occurs at asin@ = A,
(B) smaller a will result in larger separations between minima,

(C) the intensity of each maximum is the same,
(D) the diffraction is more easily observed for lights of shorter wavelength than those

of longer wavelength,
(E) the first maximum occurs at asinf = A/2.
37.# : (B)
a2 =mi= y= Dma
D a
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54. Unpolarized light can be polarized, either partially or totally, by reflection. What is the
polarizing angle when a ray passes from diamond into air? The index of refraction for air
and diamond is 1.00 and 2.42, respectively.

(A) 0° (B) 22° (©)31° (D) 42° (E) 66°

54. #& : (B)

EaiEE T (T EEEE)

39. Sunlight reflected from a smooth ice surface is completely polarized. Determine
the angle of incidence. (nj;e = 1.31.)

(A) 52.6° (B) 25.6° (C) 65.2° (D) 56.2° (E) 49.8°
39. #2 : (A)
6, = tan"(ﬁz—) = tan“’(ﬁ) = 52.6°
n, 1
e TEERIE | 004 T |- R 100% <+

56. The work function for a certain sample is 2.3 €V. The stopping potential for electrons

ejected from the sample by 6.0 x 10'* Hz electromagnetic radiation is (c = 3.00 x 10% m/s):
A0V (B)0.18 V (©)0.36 V D)2.0V (E)3.6V
56. # : (B)

e BT (BEE ) HEEE

5. The work function for a certain sample is 2.3 eV. The stopping potential for
electrons ejected from the sample by 7.0 x 10'*-Hz electromagnetic radiation is:

(A) OV (B) 0.60V (©) 23V (D) 29V (E) 52V
5.# :(B)
eV =hv-eg
~-34 14
oV = 6.63 x10 x_’179x 10 ~23=06[cV]
1.6 x10
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57. A police car chases fugitives on the highway at 144 km/hr, its siren emitting sound at a
frequency of 500 Hz. What frequency is heard by a passenger in a car traveling at 108 km/hr
in the opposite direction as the police car and car approach each other? Assume the speed of
sound in the air is 345 m/s.

(A)420 Hz (B) 495 Hz (C) 545 Hz (D) 595 Hz (E) 625 Hz

57. % : D) R B AR (RER)

. 345+108x;(;?)g
fl=(—Of =( 1000)x500=614.7[Hz]
V=V 345 144 x
3600

i E TV (EEE ) WE S

6. A speedboat moving at 20.6 m/s sounds a signal on its horn, producing a tone of
320 Hz. There is no wind, and the speed of sound in air is 329 m/s. The apparent
frequency of the sound heard by an observer in another boat moving in the opposite
direction and approaching the first at a speed of 15.4 m/s is

(A)282Hz  (B)287Hz (C)316Hz  (D)357Hz  (E)369 Hz.
6. & : (D)
3294154 )
f'= Gy 50 ¢) % 320=357[H.]

= BS {23 Vo 9 O% 4"’]\ ‘:lj
= RIS YE109 E A1
59. The wave function of the string wave is given by y(x,t) =0.2m x h[(ZOm")x + (10s"‘)t],

where h denotes a general function. The speed of a wave is .
(A)2m/s (B) 1.5 m/s (C) 1 m/s (D) 0.5 m/s (E) 0.25 m/s

59.# : (D)

SRR E T YEISE 528
2. The following functional form, Asin(kx + wt), represents a wave traveling along a
string on the x-axis with a linear density, u. What is the wave velocity?
(A)-w/k B)klo (C)A/lu (D)(A/ u)”z (E) None of the above.
2. & : (A)
kx + wt = —(—kx - wt) = -X
V=-w/kx

2-23



EYsuss amuzsenmnr (sus)

0 A
A TR0 - 80% 4
60. A standing sound wave pattern on a long string is described by
y(x,t) =0.008 x sin(107zx) cos(20m) (all in SI unit). The distance between two nodes is

(A)0.lm  (B)02m (C)0.3m (D) 0.4 m (E) 0.5m
60. #2 : (A)

ERiiE E TR (SEE ) R
41. The transverse displacement of a standing wave on a string is given by
y(x,f) = 4 sin(0.5x) cos(301),
where x and y are in centimeters (cm). What is the wave speed of component waves?
(A)10cm/s (B)15cm/s (C)30cm/s (D)60cm/s (E) 120 cm/s.

41. % : (D)
w 30
Vi = 60[cm /5]
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