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Which equation may describe a damped harmonic oscillator? x is for the displacement of the body and
m, b. k are all positive real.
d?x
(A) T.'Idz? —kx=0
d<x dx
(B)mF—kx— bE— 0
d?x dx
(C)m§?+ kx — bz =0
5 X
d=x
(e} dr?
Ans: (E)

dx
kl"i‘ba—ﬂ

+hx+bE =0
dt

. In the process of free expansion of an isolated ideal gas. which statement is incorrect?

(A) The gas gets cooler.

(B) The gas does not do work.

(C) The gas does not absorb heat.

(D) The process is irreversible.

(E) The entropy of the system changes.
Ans: (A)

. An electron travels in a uniform magnetic field directed perpendicular to its path, Which of the

following quantity of the electron will change?
(A) Its speed.

(B) Its potential energy.

(C) Its kinetic energy.

(D) Its acceleration,

(E) All of the above.

Ans: (D)

. Which statement of the energy carried by a photon is WRONG?

(A) It is proportional to the photon frequency.

(B) It is inversely proportional to the photon wavelength.
(C) It is proportional to the photon mass.

(D) All of the above are correct.

(E) All of the above are wrong.

Ans: (C)

A 1000 kg car traveling north at 15 m/s collides with a 2000 kg truck traveling east at 10 m/s. The two
vehicles move away from the impact point as one. What is the velocity of the wreckage just after
impact?

(A)Om/s (B)B3m/s (C)5.0m/s (D)6.6m/s (E)1.7m/s

Ans: (B)

. When a mass attached to a spring is stretched by an amount x away from its equilibrium position, it

oscillates with frequency /. What is the oscillation frequency if the mass is instead released 2x from its

-1- HEFHELMD FUTTORTAE




112 RN ekt il Gl SO

ALt LAS1I2EFREELIARBEABLESIRRM

B L% HERIEP

MAFBKAERE " AT, EAHERGEEME) £ 148528
equilibrium position?

(A)F2 (B)f (C)VZ/ (D)2 (E)4f

Ans: (B)

7. Two waves

y; = (3.0 cm) cos% [(20m Yx + (5.0s7H)¢],

y, = (3.0 cm) cos%[(Z.O m YDx —(5.0s7H)¢],

are sent to a long string to create a standing wave. Let x be positive (x = 0). Where is the first node
(the smallest value of x)?

(A)Sem (B)10em (C)50cem (D) 100 ecm (E) 200 cm

Ans: (C)

8. A spherical ball contains a charge +g uniformly distributed over its surface. When its diameter is D, the
electric field at its surface has magnitude £. What will the electric ficld be if its diameter changes to 2D
without changing the charge?

(A)E (B)2E (O)4E (D)E2 (E)E/4
Ans: (E)

9. What is the total energy supplied while the current increases from zero to a final value /7 Assume L is
the inductance.

(A)%LIZ (B)LI? (C)2LI? (D)iuz (E) 4LI?

Ans: (A)
10. An object O is placed between two mirrors of distance £ apart. If object O is F
distance £/3 away from mirror 1 (see the right figure), what is the distance of P

the second closest image of object O that appears in mirror 17 (Hint: The closest

oneis £/3.) %
(A)£/3 (B)2£/3 (C)f (D)4£/3 (E)5£/3 ol
Ans. (E)

2 |

11. Which of the following statements on radioactive decays is true?
(A) The rate of decay (%) is proportional to the number of undecayed substance.

(B) The rate of decay (%} is proportional to the half-life of the undecayed substance,

(C) The decay constant is proportional to the half-life of the undecayed substance.
(D) The half-life of a substance decreases with time.

(E) None of the above.

Ans. (A)
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Two waves

y: = (3.0 cm)cos%[(Z.O m™Dx + (5.0 s~1)¢]

y, = (3.0 cm)cosg[(Z.O m Dx — (5.0 s™1)t]

Are sent to a long string to create a standing wave. Let x be positive
(x = 0). Where is the first node (the smallest value of x )?

ANS:

The total wave function, V;,¢q1, 1S the superposition of the two waves:

Ytotal = Y1 T Y2

= (3.0 cm)cos%[(Z.O mx + (5.0 s71)t]
+(3.0 cm)cosg[(Z.O mDx — (5.0 s71)t]
= (6.0 cm) - cos [g(Z.O m‘l)x] cos [g (5.0 s‘l)t]

s
= (6.0 cm) - cos(mx)cos [E (5.0 s"l)t]
The node is where Y;,tq; = 0 at any time.

Therefore, cos(mx) = 0, then mx = g ‘n,where n=1,3,5...

The first node is when n = 1, then x = % m =50 cm
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https://doi.org/10.1331/goldbook 103270

The jsomer HN'=C" of hydrocyanic acid. HC=N. and its hydrocarbyl derivatives RINC
(EN"=C").
Source:

PAC, 1995, &7, 1307. (Glossary of class names of organic compounds and reactivity
itermediates based on structure (IUPAC Recommendations 1993)) on page 1344 [Terms]
[Paper]

Cite as: IUPAC. Compendium of Chemical Terminology, 2nd ed. (the "Gold Book").
Compiled by A. D. McNaught and A. Wilkinson. Blackwell Scientific Publications, Oxford
(1997). Online version (2019-) created by S J Chalk. ISBN 0-9678550-9-8
hitps:#idoi.org/10.1351/goldbook.
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(A) Acidity Titration

(B) Alkalinity Titration

(C) Redox Titration

(D) Complexometric Titration
(E) Ionic Strength Titration

> 16. Which type of titration is used to determine the concentration of calcium ions in a sample?

Ca? R Rl i RAYJ77EZM A EDTA #RcH Al (Bl : EBT) EITEEHE

G- + EDTA — CA-EDTA + ERT
GEN (%)

22. Determine the number of isomers for the [Co(NHz)2(H20):BrCl]” complex.
(A)3 (B)4 (C)5 (D)6 (E)7

(G MR, B 01T 2L Machcd

B Lol Ao Ao A |t B |oB B,

g/\\b 27 >MC A Ng TS Ne 47Ny
3 D D b D
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. 23. The reaction Py(g) P(g) has a reaction enthalpy of AH =217 kJ mol™". If the bond energy of a
k single phosphorus—phosphorus bond is 200 kJ mol™', how much is the bond energy of the P=P bond?
(A) 92 kJ mol (B) 192 kJ mol” (C) 292 kI mol" (D) 392 kJ mol” (E) 492 kJ mol”!

I
Lor —— op=p e
=
F ?z( )
]
sz(j\
My = Gl « (FBIE)AL = ¥2UT > BE 4915

&4 S 24
P-f S‘mg\e bond P=p tvip\e, bond

25. Which of the following is a measure of the randomness of a system in thermodynamics?
Z (A) Energy (B) Pressure (C) Heat transfer (D) Work done (E) Entropy

fi(entropy) 25V E 48 L RRUEEAVYELE

26. What is the relationship between the activation energy and rate constant of a chemical reaction?
(A) The rate constant is proportional to the negative activation energy.
E (B) The rate constant is inversely proportional to the negative activation energy.
(C) As the activation energy decreases. the rate constant remains constant.
(D) As the activation energy increases. the rate constant increases exponentially.
(E) As the activation energy increases. the rate constant decreases exponentially.

_ B
Arrhenius equation : “E = e/ RT

66. The half-life of "C is 5730 years. A sample taken for radiocarbon dating has been found to contain
56 % of its original "*C. Which of the following options is the best estimate for the age of the sample?
(Radioactive decay of "*C follows first-order kinetics.)
(A)4.8x 10> (B)4.8x10° (C)4.8x10* (D)4.8x10° (E)4.8x 10°

W(5) () £ > £- 48

97 30
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67. Sort the molecules in the order from the largest bond angle to the smallest bond angle: HO. NH3,
BFs. CHa, CO2
(A) CHa. CO2. H20. BF3, NH;
@ (B) CO2, BF3. CHy, NH3, H>0O
(C) NH;, H20, BF3, CO2, CHs
(D) H20, NH3, BF3, CHy, CO2
(E) BF3, NHs. H,0, CHy, CO2 H

/F | 0 QB

bond Mﬂ\e - 0==0 7 Foh 7 Sl H/N{"H > H/O\H
o q k/ — ~

‘%0 )ZD [Oq‘g()]/\ 1079 (O%go

68. If the ionization energy of a hydrogen atom is 13.6 eV, the energy required to excite it from ground

state to the next higher state is approximately:
(A)34eV (B)10.2eV (C)172eV (D)13.6eV (E)6.8eV

AF = |30 x| x (%f- %;) = |p.2 eV

70, The value of the Bohr radius for hydrogen is:
(A)0.529 x 105 ¢cm
(B) 0.529 x 10 ¥ cm
(C)0.529 x 10" em

(D) 0.529 % 107"% ¢m
(E)0.529 x 107" em

X
G JE T Bohr radius 495 52.9pm > B1 0.5 1(1 X0 om

Select the rate law that corresponds to the data shown for the following reaction:
A+B — Products

D [X]o represents the initial concentration for a species X.

71,

—

Experimententry | [A]o/ M [B]o/ M | Initial rate / M/s

1 0.012 0.035 0.1
2 0.024 0.070 0.8
3 0.024 0.035 0.1
4 0.012 0.070 0.8

(A) Rate = k[A]®
(B) Rate = k| AJ*[B]'
(C) Rate = k[A]'[B)?

(D) Rate = k[B]*
(E) None of the above

KT - SRS
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73. Although the peroxide ion, O2%, and the acetylide ion, Co*", have long been known. the diazenide ion

N> has only been prepared in 2001. By comparison with the other diatomic species, N2 and O, what
is the bond order and number of unpaired electrons for N2>, respectively?
(A)1,1 (B)3.1 (O)2.1 (D)2.0 (B)2.2

1 1
szp 7 q_Lﬂ/jL — BD=2, @ﬁzﬁm[wr dlecron

1L
1L

75. What factors affect the ionization energy of an atom?
(A) Electron shielding
(B) Electron configuration
(C) Nuclear charge
(D) All of the above
(E) None of the above

KRR T - SR

%

76. How can we explain the fact that CCly is a liquid and CL is a solid at 25°C? Which of the following

options is the best explanation?

(A) CCly has a larger dipole moment than Cly due to the higher electronegativity of Cl compared to I.

(B) Cl4 has a larger dipole moment than CCly because there is stronger electron repulsion in the C-1
bonds than in the C-Cl bonds.

(C) London dispersion forces are stronger in CCls than in Cls because Cl is more electronegative
than I.

(D) London dispersion forces are stronger in Cly than in CCly because Cly has a more easily
polarizable electron cloud.

(E) None of the above.

U B ST T RIE A J1 R/ N RN By ET
FFERRE > EESHEOIRR
CL Y FRIEF FT RS CCls » RIEEZDE N Cls 238 solid state i CCle S 3 liquid state

79. What is the oxidation state of the terminal nitrogen atom in azide ions?
% (A)=-3 (B)-1 (C)+1 (D)+4 (E)+3

" e 9=l
O\T]AQ on [ :N:M:N:}
ONAO\‘CIDY\ Y}wm\ae\r : _-|
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(A) 628" (B)myp (C)ozp (D) 72 (E) 62
— Oy (Luto)
L Lk (woto)
4- 1 6%
CZ : div L WZF
Lot
16,

D 80. What is the highest occupied molecular orbital of a C2* ion?

82. Sort the ions in the order from the largest radius to the smallest radius:

(1) Se* (2) Br (3)Rb" (4) Sr**
A (A)1,2.3.4 (B)4.3.2.1 (()3.1.2.4 (D)3.2.1.4 (F)3.1.4.2

ikl S, by - 1 > OF
@ W

87. In Valence Bond theory. bonds between atoms are formed by
C/ (A) overlap of proton wave functions

(B) overlap of neutron wave functions

(C) overlap of electron wave functions

(D) overlap of proton and neutron wave functions

(E) overlap of positron wave functions

RKEEET > GRS

88. What is the formal charge of the oxygen atom in a molecule of CO»?
A (A)0 (B)+1 (O)-1 (D)+2 (E)-2

KR T > SRS

89. What does a low relative standard deviation indicate?
% (A) High accuracy (B) High precision (C) Low accuracy (D) Low precision (E) None of the above

e Rt B R B Y TETE
BRI > FORBURHVBEEE )N - B FE# L (high precision) By &I

—

t 90. What is the number of o-bonds in ethylene (C2Hy4)?
(A1 B)2 (O)3 (D)4 (E)S

KREHT - SR
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1. Which equation may describe a damped harmonic oscillator? x is for the displacement of the body
and m, b, kare all positive real.

2
(A) m‘;tf-kx=o
2
(B) mfltf—kx—b%=0
d*x dx
©) m— s +kx—b5=0
d*x dx
(D) m- s —kx+b5=0
d’x dx
(E) mdt2 +kx+bz=0
1. # :(E)
B F =ma

d’ d’ d
—kx—bv=+m—f=>m—f+b—£+kx=0
dt dt dt

2. In the process of free expansion of an isolated ideal gas, which statement is incorrect?
(A) The gas gets cooler.
(B) The gas does not do work.
(C) The gas does not absorb heat.
(D) The process is irreversible.
(E) The entropy of the system changes.
2. & (A
ESRECIENE B HEZRRI - B0~ NBE ~ JRE B AR - BANRINGE - B
R - 40 N EMRIREEE 2R - SURESE HIMNED) -

3. An electron travels in a uniform magnetic field directed perpendicular to its path. Which of the
following quantity of the electron will change?
(A) Its speed.
(B) Its potential energy.
(C) Its kinetic energy.
(D) Its acceleration.
(E) All of the above.
3. # :(D)
F =gV xB=ma

4. Which statement of the energy carried by a photon is WRONG?
(A) It is proportional to the photon frequency.
(B) It is inversely proportional to the photon wavelength.
(C) It is proportional to the photon mass.
(D) All of the above are correct.
(E) All of the above are wrong.

4. # :(C)
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E=h - —
V=T

E =mc® (RER LSO AR IEE &)

5. A 1000 kg car traveling north at 15 m/s collides with a 2000 kg truck traveling east at 10 m/s. The

two vehicles move away from the impact point as one. What is the velocity of the wreckage just
after impact?

(A)Om/s (B)83 m/s (C)5.0m/s (D)6.6m/s (E)I.7 m/s
5. #:(B)
HHEIESFE
1000 x 157 +2000 x 10i = 3000 x v

A 204
:>\7=5j+?l'

=v= W/52 + (?)2 =8.3[m/s]

6. When a mass attached to a spring is stretched by an amount x away from its equilibrium
position, it oscillates with frequency f. What is the oscillation frequency if the mass is instead
released 2x from its equilibrium position?

A2 B)f (©AN2f D)2 (B4
6. # :(B)

w=\/12ﬂf:,f=i\/z 551y B4
m 2x \m

7. Two waves

3, = (3.0cm)cos T[2.0m™)x+(5.05)]

2 = (3.0cm)cos T[2.0m™)x - (5.05)]

are sent to a long string to create a standing wave. Let x be positive (x =0). Where is the first
node (the smallest value of x)?

(A)5cm (B)10cm (C)50cm (D) 100 cm (E) 200 cm
7. #:(C)

Y=y, +y, = (3.0cm){cosg[(2.0m_l)x +(5 .Os"l)t] + cosg[(2.0m‘1)x - (S.OS_I)I]}

= ‘2(3.0cm) cos(g x5.057't) cos(g x2.0m™")x

k=.7t=27ﬂ:>)n=2
T 2r  n A 2
kx=§:>7x=5:>x=1xZ=le=O.5[m]=50[cm]

-23-



112 RN ekt il Gl SO

8. A spherical ball contains a charge +¢ uniformly distributed over its surface. When its diameter is D,
the electric field at its surface has magnitude E. What will the electric field be if its diameter
changes to 2 D without changing the charge?

(A)E (B)2E (C)4E (D)E/2 (E)EA

8. #% :(E)
_ q _ q
= > = D
47[80R 4.7'[80 (7)2

2
E
E- 4ﬂjR'2 - q2 T4

0 4 Eo(i)2

9. What is the total energy supplied while the current increases from zero to a final value /7 Assume L
is the inductance

(A) Lﬁ (B) LI’ (C)2LI* (D) LI2 (E) 4L’
9. ##: (A)

1
U, =—LI’
)

10. An object O is placed between two mirrors of distance / apart. If
object O is distance /3 away from mirror 1 (see the right figure), =,

what is the distance of the second closest image of object O that ‘
appears in mirror I ? (Hint: The closest one is 4/3.) !
(A)1/3 (B)2//3 (C)l (D)4l/3 (E)S5I/3 - _:"_J
10. # : (E) O |
FESEmHE TN 2 B gELe R o BRI — R 1 |
5173 2 I

(2 #3337 > Fregd 3 B IUR6TMU201707 [ 4 2 B e dgizit])] - 2)
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