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I. Multiple Choice Questions (5 % 8)
A. Select the preposition that best complete the sentence. (30%, 3 points each)
1. We had no computer backup and had to rely on old paper files to the records we lost.
A. remedy
B. reconstruct
C. recondition
D. register
2. The accident happened as a result of years of on the part of the safety.
A. indifference
B. incuriosity
C. consistence
D. loneliness
3. Philosophy differs from science, in that its questions cannot be answered , by observation or
experiment.
A. emotionally
B. deliberately
C. empirically
D. mostly
4. The chairman proposed that we have someone with and imagination to design a marketing
strategy.
A. intuition
B. enterprise
C. conservative
D. irritable
5. Did you find her enthusiasm for the project ? Almost everyone on the team is now doing
their utmost to resolve the difficulty.
A. contagious
B. operative
C. effectual
D. infectious
6. The bank has agreed to the payment on my loan while I am still a student.
A. defer
B. suspend
C. dangle
D. sustain _
7. Public of the problem of environment protection will make politicians take it seriously.
A. diagnosis
B. agitation
C. awareness
D. proclamation
8. Recently a large international conference was held with the aim of promoting development in
all countries.
A. unthinkable
B. unpredictable
C. retainable
D. sustainable
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9. Patricia likes doing active things like canoeing, and horse-riding.
A. wandering
B. hiking

C. strolling
D. roaming
10. The table has a plastic coating that prevents liquid from into the wood beneath.
A. spilling
B. scattering
C. permeating
D. circulating

B. Choose the option has the closest meaning to the underlined part of the sentence in its
context. (30%, 3 points each)
11. A conflict could be approached by bolstering one's position with a system of justification, moral
principles, or rules of logic.
A. combining
B. criticizing
C. supporting
12. There was a sudden flash of light, making the driver veer sharply.
A. change suddenly
B. adjust slightly
C. halt completely
13. The farmers were more anxious for rain than the people in the city because they have more at stake.

A. invain
B. in their possession
C. atrisk

14. If social security should be contingent on financial need, there is a danger that such means-testing
will later be extended to less affluent people.
A. relevant to
B. dependent on
C. accessible to
15. Reducing unemployment has become an imperative for the new government.
A. apriority
B. anundertaking
C. apromise
16. After several attempts, Thomas embraced an opportunity to further his studies at a national
university.
A. indulged himself in
B. applied himself to
C. availed himself of
17. Machine-to-machine exchanges will off-load human brain work the way machines of the industrial
Revolution off-loaded muscle work.

A. reshape

B. relieve

C. affect

18. We must get the whole expedition clearly mapped out on paper before we start to order any

equipment.

A. graphed

B. schemed

C. reflected

ABFRAME FEEFORATEAE




Bif LAZ 109 2FEFATERLEER LS XA

#ELH: Ex [HAASELETE - AT EH R LT a] I ¢ 439005
MEAHBRBERL "AT, A ERGEEH) #$4HF3R
19. The cosmetics advertisement purports to delay the development of wrinkles.
A. claims
B. supports
C. means

20. The economic policies that the government is now pursuing threaten to undermine the health care
system, although they claim to maintain it.

A. weaken
B. emphasize
C. strengthen

II. Reading comprehension. (40%, 4 points each)

According to a recent study suggests, the amount of food needed to feed the world's population by
the end of the century could increase by almost 80%. Researchers said a trend of increasing Body Mass
Index (BMI) is resulting in individuals requiring more calories. The authors warn that failure to meet the
need for more calories could lead to greater global inequality.

The study calculated that 60% of the calorie increase would be a result of the growing population in
the world. According to the UN World Population Prospects, the global population was estimated to
increase from seven billion in 2010 to almost eleven billion in 2100. Yet, more than 18% of the increase
in the calories from 2010 levels would come from a projected increase in height and weight figures in
the global population.

"The increase in the average daily required energy rises by 253 kcal per person between 2010 and
2100 in our estimations, assuming a rising BMI and height," explained Lutz Depenbusch from the World
Vegetable Center. "On a global scale, we calculate that the effect of the BMI and height increases in our
model would lead to additional calorie requirements that match the combined requirements of India and
Nigeria in 2010." In terms of what food would equate to an increase of 253 calories in someone's daily
diet, Dr. Depenbusch said an extra two large bananas or a portion of French fries would be on the menu.

Dr. Depenbusch and his colleague, Prof. Stephan Klasen from the University of Gottingen,
Germany, said their modeling suggested that sub-Saharan nations would be extremely affected by such
an increase in future global calorie requirements. In fact, the region has already been witnessing a sharp
increase in the need for calories as it was undergoing a rate of rapid population growth.

The researchers warned that a failure of the global food policy to accommodate this increase in the
demand for more energy could exacerbate food and economic inequality. It is warned that the growing
demand for food would lead to an increase in food prices. While rich nations would be able to absorb the
increases, poorer nations would struggle and thus lead to more malnutrition.

(Reference: Kinver, M. (2019, December 23). World faces 80% calorie increase by end of century. BBC
News Science & Environment)

21. The passage primarily discusses:
A. excess nutrition
B. food poisoning
C. malnutrition
D. food demand
22 Most likely, the word "it" in the 4th paragraph refers to the:
A. Nigeria
B. India
C. sub-Saharan nations
D. Germany
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23. Which was claimed in this study to mostly affect the increasing amount of food demand in the near
future?
A. poverty
B. increase in height figures
C. increase in weight figures
D. growing population
24. Where do the authors suggest additional dietary supplements in the article?
A. Line 10
B. Line 15
C. Line 18
D. Line 22
25. The study mentions all of the following as important in determining the food demand EXCEPT the
A. increase in food prices
B. rising BMI value
C. rapid population growth
D. average daily required energy per person
26. The word " projected " in the second paragraph is closest in meaning to
A. promised
B. manipulated
C. predicted
D. proposed
27. Which is TRUE concerning the main context?
A. Poorer nations have a higher potential to conquer the challenge of increasing food demand.
B. The average daily required energy per person declines from 2010 to 2100.
C. The global population will exceed eighteen billion in 2100.
D. An improper food policy could exacerbate food and economic inequality.
28. The word "extremely" in the fourth paragraph is closest in meaning to
A. exceptionally ‘
B. inferiorly
C. ordinarily
D. equally
29. According to the study, what has been done by the researchers for proving the amount of food needed
by the end of the century? _
A. market survey
B. fortune telling
C. calculation model
D. live test
30. According to the third paragraph, 253 calories per day may be substituted by
A. a serving of vegetables
B. a whole serving of French fries
C. two large-sized bananas
D. lack of information

LA FUETAATEA







EEANIPE BIRE X
B+ BAE R4 E R

HE L RmHL (Moo BEBEELFE -MALRABELHTLE ~H
FATeE EAM A BT A )

— A EEIE—
2R R 100 442

o ERMLLENFIMMRE  LRFER - Hwe  #%5 - FAKES
Z4 (F) 2 BAEAHES - RARE BRAEBRAFTEAE > A RFL
BpiE XA B RIE -

® XEERAE - ZoZA4H)ETE  -HERE T THBPERE &
éﬁ%ﬁi?%ﬁ*&ﬁ‘@iﬁ(%)”ﬁﬂ*%#ﬁ%@°%k
BHMER —WAELE  AEAETER > FHEBMEL -

@ AEFHUBAER R ATHEASER (F) B2 KMEH 2B&
. ABRFRAALHMEREFBREES  HERGFALAAT
B -

@ Xk (F) BEEFERE  FEIE - HOE R B HEE B IR
B ORABEEX A ML  BERTEREL LS AT A
3% o

@ TEHE A EMBERAATNNEEAE o T ER  BAE
R BARGHEBAEE BN LR IARBEEHRREEFERERG L
N FRNT2AEESN B (B - T8HTHE - ETFTFERF) A
3 e

o SEREEE (F) FHoHE  RYEEZRRBELUBHEE -

o SAFEREEMmIIE]  EXEISHEEHREFS -

o ERBEAKBEZHF IS RESRBEHEARE




BaxbP LAk 10025 ERALERATLSHB LRI

HELAE: BHE [(HicamsBists HihALHECE HHTRBHRALELE]
5% - 488002

XAABRMERR "TR, EATER (B e FH) (FETFRE) H2RAF1R
1. According to the following thermodynamic data, calculate the enthalpy (10%), entropy (10%) and

Gibbs free energy (10%) of the reaction Pb + 1/2 O2 = PbO at 1000 K.

Hebo (208) = -219,000 J/mole

Spb (208) = 65 J/K mole

Spbo (208) = 66.3 J/K mole

So2 2oy = 205 J/K mole

Cp, pbs) = 23.6 + 9.75* 10T J/K from 298 K to Tm. pb

Cp, poqy = 32.4 — 3.1*¥103T J/K from Tm.pp to 1200 K

Cp, pvo(s) = 37.9 +26.8%10>T J/K from 298 K to Tm.pbo

Cp, 02(2) = 29.96 + 4.18*10°3T — 1.67*10° T J/K from 298 K to 3000 K

Hmpo=48101J at T, po = 600 K

Tmpro=1159 K

2. According to the following figure, (a) describe the meaning of point d and e (10%); (b) write down the
triple points of stable and metastable phase equilibria. (10%)
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Figure 7.15 A schematic phase diagram for zirconid, ZrO,.

3. One mole of a monatomic ideal gas, in the initial state T =273 K, P =1 atm, is subjected to the
following three processes, each of which is conducted reversibly:

a. adoubling of its volume at constant pressure, (10%)

b. then a doubling of its pressure at constant volume, (10%)

c. then a return to the initial state along the path P = 6.643 * 10*V? + 0.6667. (10%)
Calculate the heat and work effects which occur during each of the three processes.
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4. There are four sets of regular solution parameters as (A) 1= 0.0kJ, Qs =0.0kJ; (B) Q1=0.0kJ, Qs =
15 kJ; (C) Sy =-10KkJ, Qs = 0.0 kJ; (D) Q1= 10 kJ, Qs =0.0 kJ » The melting temperatures of A and B
are, 800 and 1200 K, respectively, and the molar entropies of melting of both components are 10 J/K.

Please mark these parameter sets to match the following four phase diagrams. (20%)

= 1400 .
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(1) Compare interstitial diffusion and substitutional diffusion. 10 points

(2) When people say a crack is (a) stable, or (b) unstable, what does it means? 3 points each, 6 points

(3) Explain the following terms: (a) Fatigue limit, (b) Extrinsic semiconductor, (c) Cup-and-cone fracture
surface, (d) Partially stabilized Zirconia, (¢) Eutectoid reaction, (f) Hardenability of a steel, and (g)
Lever rule. 5 points each, 35 points

(4) Discuss the figure shown below. 8 points
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(6) Explain what is dielectric constant? 6 points
(7) Discuss the effect of temperature and stress on creep of metals. 6 points

(8) When you have a pure copper rod, at first the copper rod will be deformed easily by bending. When
you try to straighten out the bent rod, you will find that the force required is much more than the
force to bend it. Explain this. 6 points
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(9) Work out the common direction between (a) (111) and (001), (b) (231) and (101) in a tetragonal unit
cell. 3 points each, 6 points

(10) During dynamic recrystallization, bulge of grain boundaries may occur which cause the generation
of new fine grains, as shown in the figure. Grain boundary bulge increases grain boundary surface
area, so that increases total grain boundary energy. Since grain boundary bulge increases grain
boundary energy, why this process can occur? (Note: dynamic recrystallization is a process of]
recrystallization which occurs during plastic deformation at an elevated temperature.) 10 points

(Figure quoted from: Urai, Janos & Means, W. & Lister, Gordon. (1986). Dynamic recrystallization
of minerals)

HAFHAMET FURAOATAAE






 BIFLARZI092FE
LT BELEHE AL RERE

FBELME: LEDE [(HEeRamoBLALHE - HLrELERE M
FATEE A AR L3 5 da )

— VX EFI1E—
FXEFF 100 448

® FHRHLEFENAFHMBE BFRFETE - e -HE-F4ahss
EH (F) X BEERE - 2AESE - BRHBLFEHE  Wwh RE
PR3fBE 3R A B R IT o

® ZEEMARE - ZaERVLHTE -WEIL T THEEEE &
EERARXFRR R ~BER (F) ~ FECGHEITERES) - BA
BHRER —WEEL  RFHEBETE  SHEHEL -

@ EEXFHUBHED L RITERAGER (%) B KEH 2B 4
FEFOARBRTERLLH BB ENBREARE L5 EhF4 847
A -

® KEXR (F) BRHFFRERYE  REI 2 - BUf BB £ EH 5048 B A4
BN RFEELZANL BREEREIALZLHNZIEMITERL
% o

® TTEHEMEANFEMFRAAEMNZELE > o T2 | B8 BIE~ 3
REARY B ABFETEAEN s REIUBFEH iR A e aiin
E~FRANTFZEEESR Y5 (ES - FAHETE - TFFHE) A
35 e

o HEREZEE (F) FHUHE » RYEIBEZRBRELSHEHSE -

o SEZFEMIE]  EEEIBREREREFEE -

® ERERARIBE ZH KI5 A RER EENEERIE o




B3l K 109 %45 B4R+ B 4 W 348 A A SR

FrE L4 @R (HAREMoBABLE -HAAFEILHETE - HHTHEHFELHEGE]
A% - 489001
XEFBRBERZE AT, EAFER(PEYHH) £2H¥18

Problem 1. [10 points] Three masses are placed on the x-axis: 200 g at x = 0, 500 g at x = 30 ¢m, and,
400 g at x = 70 cm. Find their center of mass.

Problem 2. [10 points] A 1.2 uF capacitor is charged to 3.0 k¥. Compute the energy stored in the
capacitor.

Problem 3. [5 points] (a) Determine the shortest length of pipe closed at one end that will resonate in air
to a sound source of frequency 160 Hz. Take the speed of sound in air to be 340 m/s. [5 points] (b)
Repeat for a pipe open at both ends.

Problem 4. [10 points] Positive electric charge Q is distributed uniformly
along a line of length 2a lying along the y-axis between y = -a and y = +a ay
(Figure 1). Find the electric potential at a point P on the x-axis at a y
distance x from the origin. P
0 % *—X
Q

-CI Figure 1
Problem 5. [10 points] A metal rod is 2 m long and 8 mm in diameter. Compute its resistance if the
resistivity of the metal is 4 x 107 Qem.

Problem 6. An electric heater of resistance 8.0 Q draws 15 4 from the service mains. [5 points] (a) At
what rate is thermal energy develop, in #? [5 points] (b) What is the cost of operating the heater for a
period of 4.0 & at 100 NTD/kWeh?

Problem 7. [10 points] A proton enters a magnetic field of flux density 1.5 Wb/m? with a velocity 2.0
%107 m/s at an angle 30° with the field. Compute the force on the proton.

s ool ]

Problem 8. [10 points] How much work is required to carry an electron from the
positive terminal of a 12-F battery to the negative terminal? e e
1
1
Problem 9. [10 points] In the annular cylindrical space shown in the Figure 2, L :
the magnetic potential is A = -k In » a,, where £ is a constant. Determine the total l
magnetic flux in the annular space. (Here, 1 and r2 are inner and outer radius, /{:"
respectively. W stands for magnetic flux. L: annular cylinder length. a,: unit s

vector in the z direction)

G
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Problem 10. [10 points] As shown in the figure below (Figure 3), a uniform solid sphere rolls on a
horizontal surface at 20 7/s and then rolls up the incline. If friction losses are negligible, what will be the
value of & where the ball stops?

(1) Note that electron charge g =-1.6 x 107 C, g= 9.8 m/s? , NTD: #7 & #

(2) You might need the following integration table.

Ve Wi du =5 JaT R + 3511( +JalFui)+C

» 4
u*Ja? + utdu = % (a® + 2u%) Ja? + u? — %hl(u +yar+u?) + C
d +Ja* + u’
u

f Ja? + u? -
—du = Ja’+u?—aln

H

+ C

r Sat 4l fa2 £ 42
-a—2u—a'u=———a—;~mi+hl(u+\/m)+c

u

5 du
) ﬁ; — h](ﬂ! + »,,‘al + 1‘.‘12) o
3

,
1" du u a*
g S ?ln(z: + a2 + 1;3) $+C

" du 1 Jar+ui+a

————=-—I

JousJa 4+ u? a u

+ O

i
|
|
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1. Determine the collision frequency for an oxygen molecule (M = 3.20 x 1072 kg/mol) in a sample of
pure oxygen gas at 35°C and 1.7 atm. Assume that the diameter of an O2 molecule is 300 pm.
Aox10°sT B 2x10°sT  (€) 4x107s7!

M)5x10°st  (E) 7x10°s7!

2. Consider the following reaction:

2NOCI(g) = 2NO(g) + Cl2(g)
Initially pure NOCI(g) is placed in a vessel at 2.96 atm. At equilibrium, 0.410% of the NOCI has

decomposed. Determine the value of K.
(A)s.00x10°  B) 257x10°  (©)6.07x 107

M) 1.03x107 (E) 2.06x 1077

3. How many mmoles of HCI must be added to 155.0 mL of a 0.28 M solution of methylamine (pKb =
3.36) to give a buffer having a pH of 11.42?
(A) 19 mmoles (B) 0.17 mmoles (C) 6.2 mmoles

(D) 3.7 mmoles (E) 0.61 mmoles

4. The value of Kr for the complex ion Ag(NH3)2" is 1.7 x 107, Ksp for AgClis 1.6 1071, Calculate the
molar solubility of AgCl in 1.0 A NH3.
M) 172101 B29x10° (©)47x107

M 13x10° (E)52x1072

5. A 1.00-g sample of the rocket fuel hydrazine, N2H4, is burned in a bomb calorimeter containing 1200
g of water. The temperature of the water and the bomb calorimeter rises from 24.62°C to
28.16°C. Assuming the heat capacity of the empty bomb calorimeter is 837 J/°C, calculate the heat of
combustion of 1 mol of hydrazine in the bomb calorimeter. (The specific heat capacity of water is 4.184
J/g=°C.)

(A)-152kJ (B) +47.4kJ (C) +20.7 kJ

(D) —665 kJ (E) —569 kJ

6. Water gas, a commercial fuel, is made by the reaction of hot coke carbon with steam.

C(s) + H20(g) — CO(g) + Ha(g)

When equilibrium is established at 800°C, the concentrations of CO, Hz, and H20 are

4.00 x 1072 mol/L, 4.00 x 107> mol/L, and 1.00 x 10> mol/L, respectively. Calculate the value of AG®

for this reaction at 800°C.
(A) 163 kJ (B) 109 kJ (C) 193 kJ

(D) —-43.5k] (E) none of these
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7. Calculate the solubility product of silver iodide at 25°C, given the following data:
E° (V)
Agl(s)+e — Ag(s) +1 —0.15
Isigy e —dl +0.54
Ag +e — Ag(s) +0.80

(A)19x10% B)gax107 (©35x107%
M 29x102 (E)2.1x10712

8. Gold is produced electrochemically from an aqueous solution of Au(CN)2™ containing an excess of

CN". Gold metal and oxygen gas are produced at the electrodes. How many moles of O will be
produced during the production of 1.00 mol of gold?
(A) 4.00 mol (B) 3.56 mol (C) 0.50 mol

(D) 1.00mol  (E) 0.25 mol

9. Consider an atom traveling at 1% of the speed of light. The de Broglie wavelength is found to be 3.31
x 107 pm. Which element is this?

(A)P (B) Ca (C) He

(D) F (E) Be

10. For an electron in a 2.00-nm one-dimensional box, calculate the wavelength of electromagnetic
radiation to excite the electron from the ground state to the level with n = 3.

(A) 12,100 nm  (B) 1470 nm (C) 13,200 nm
(D) 1650 nm (E) none of these

11. The first ionization energy of Mg is 735 kJ/mol. Calculate Zeft.
(A) 2.25 (B) 2.00 (C) 4.00
(D) 5.04 (E)none of these

12. Which of the following shows these molecules in order from most polar to least polar?
(A) CF2Clp > CF2Hz > CClaH2 > CH4 = CCla
(B) CHa > CF2Cl2 > CF2H2 > CClg > CCl2H2
(C) CF2H2 > CClI2H2 > CF2Clz > CHa = CCly
(D) CF2Clz > CF2H2 > CCls > CClaHa > CHg
(E) CH4 > CFaH2 > CF2Cl2 > CCls > CCl2H2
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13. Consider the following molecules.
L BF; II. CHBr3 (C is the central atom.) IIL Bry
IV.Xecl, V.CO VL SF4

Select the molecule(s) that fit the given statement.
These molecules violate the octet rule.

(A)ILV,VI  (B)LILIV, VI (C) L IV, VI
O)LILIV  (B)LIILIV, VI

14. Select the correct molecular structure for SF4.
(A) pyramidal (B) bent (C) linear
(D) tetrahedral ~ (E) none of these

15. Consider the following Lewis structure. (Lone pairs are not drawn in.)

H ¢ H H

| 1 | |
H-C—C—C=C—H

| 3 2 1

H

Which statement about the molecule is false?
(A) Oxygen is sp3 hybridized.
(B) This molecule contains 28 valence electrons.
©) c2is sp2 hybridized with bond angles of 120.

(D) There are 10 sigma and 2 pi bonds.
(E) There are some H-C-H bond angles of about 109° in the molecule.

16. Which statement about the thiocyanate ion, SCN, is true?
(A) Only one correct resonance structure can be drawn.
(B) Its Lewis structure contains an unpaired electron.

(C) 1ts shape is bent like that of H20.
(D) There are more than two ¢ bonds in the ion.
(E) none of these

17. Consider the molecular-orbital energy-level diagrams for Oz and NO. Which of the following is true?
I.  Both molecules are paramagnetic.
II.  The bond strength of Oz is greater than the bond strength of NO.
III. NO is an example of a homonuclear diatomic molecule.
IV. The ionization energy of NO is smaller than the ionization energy of NO™.
(A) IandITonly (B)LILandIV  (C)IandIV
(D) II and IIT (E) I only
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18. The following data were collected for the decay of HO2 radicals.
Time [HO] Time [HO2]
Os 1.0 x 10! mole/em® 14s  1.25 % 10'° mole/em®
2s  5.0% 10" mole/cm’ 305 6.225 x 10° mole/em’
6s  2.5x 10" mole/em®

Which of the following statements 1s true?
(A) The half-life of the reaction is 2 ms.
B) A plot of 1/[HO2] versus time gives a straight line.
(C) The rate of the reaction increases with time.

(D) The decay of HO2 occurs by a first-order process.
(E) A plot of In [HO2] versus time is linear with a slope of —&.

19. You are given a small bar of an unknown metal, X. You find the density of the metal to be 10.5
g/cm3. An X-ray diffraction experiment measures the edge of the unit cell as 409 pm. Assuming that the
metal crystallizes in a face-centered cubic lattice, what is X most likely to be?

(A) Ag (B) Pt (C) Rh

(D) Pb (E) none of these

20. Alkali halides commonly have either the sodium chloride structure or the cesium chloride
structure. The molar mass of CsCl is 2.88 times the molar mass of NaCl, and the edge length of the unit
cell for NaCl is 1.37 times the edge length of the CsCl unit cell. Determine the ratio of the density of
CsCl to the density of NaCl.

(A)0.541  (B) 0.984 (C) 1.85

D) 1.02  (E)2.10

21. Below is a phase diagram for compound X. You wish to purify a sample of X that was collected at P
=1.0 atm and 7= 100 K by subliming it. In order to sublime the sample, you should

S [

10 —

Platm)
05—

a 10 20 300

T (K3
(A) increase T to 300 K, keeping P = 1.0 atm.

(B) abandon the attempt to sublime X.
(C) lower P to 0.5 atm and then increase 7 to 200 K.

(D) increase P to 1.5 atm and then increase 7" to 300 K.
(E) increase T to 300 K and then lower P to 0.5 atm.
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22. Thyroxine, an important hormone that controls the rate of metabolism in the body, can be isolated
from the thyroid gland. If 0.455 g of thyroxine is dissolved in 10.0 g of benzene, the freezing point of the
solution is 5.144°C. Pure benzene freezes at 5.444°C and has a value for the molal freezing-point-

depression constant of Kt of 5.12°C/m. What is the molar mass of thyroxine?
(A) 2330 g/mol (B) 285 g/mol (C) 777 g/mol
(D) 3760 g/mol (E) 777,000 g/mol

23. A 5.00-g sample of a compound is dissolved in enough water to form 100.0 mL of solution. This
solution has an osmotic pressure of 25 torr at 25°C. If it is assumed that each molecule of the solute
dissociates into two particles (in this solvent), what is the molar mass of this solute?

(A) 18,600 g/mol  (B) 37,200 g/mol (C) 74,300 g/mol
(D) 1560 g/mol (E) none of these

24. Which of the following oxides is amphoteric?
(A) BeO (B) MgO (C) BaO
(D) SrO (E) CaO

25. Which of the following statements about the complex ion Co(en)2Clz " is true?
(en = ethylenediamine, NH2CH2CH2NH?3)
(A) The geometric isomers of the complex ion have identical chemical properties.
(B) The complex ion exhibits two geometric isomers (cis and #rans) and two optical isomers.
(C) Because en is a strong field ligand (large A), the complex ion is paramagnetic.
(D) The complex ion exhibits cis and trans geometric isomers, but no optical isomers.
(E) The complex ion contains Co(I).

26. Radioactive tracers are useful in studying very low concentrations of chemical species. A chemist has
a sample of Hglz in which part of the iodine is the radioactive nuclide of mass 131, so that the count rate

is 5.0 x 10! counts per minute per mole of I. The solid mercuric iodide is placed in water and allowed to
come to equilibrium. Then 100 mL of the solution is withdrawn, and its radioactivity is measured and
found to give 22 counts per minute. What is the molar concentration of iodide ion in the solution?

@Ai1ix10 B 1ax10?  ©)11x10710
D) 44x10710  (B)44x107!!

27. Which of the following statements is/are true of nuclear fission?
1. For the nuclear fission process to be self-sustaining, at least one neutron from each fission event must

go on to split another nucleus.
2. If more than one neutron from each nuclear fission event causes another fission event, the process dies

out and the reaction is said to be subcritical.
3. A fission bomb operates by suddenly combining two subcritical masses of fissionable material to form

a supercritical mass.
(A) 1 only (B) 2 only (C) 3 only
(D) 2 and 3 (E) 1and 3
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28. Oxidation of 2-methyl-1-butanol could yield
I.  2-methyl-1-butanone
II.  2-methylbutanal
III. 2-methylbutanoic acid
(A) II only (B) Il and 11 (C) I and III

(D) I only (E) III only

29. Which of the following statements are true about starch?

I.  The monomers are fructose and glucose.

II.  The monomer is glucose.

III. It is the main carbohydrate reservoir in plants.

IV. It is the main carbohydrate reservoir in animals.

V. Itisan addition polymer.

VI. Itis acondensation polymer.
(A) IL 111, VI B LIV,V O LILIV,V
(D)L 1L V (E) I, IV, VI

30. Which of the following statements is correct?
(A) Nucleic acids are made of nucleotides joined together with amide bonds.
(B) The primary structure of proteins is determined by 3'-5'".
(C) Fats are polymers composed of monomers called monosaccharides.
(D) No one has ever made a polymer using amide bonds.

(E) None of these statements is correct.

=~ SRR (A S o 83 10%)

Consider a children’s cartoon illustrating a child holding the strings of several helium balloons and being
lifted into the sky at a pressure of 1.0 atm and 25°C assuming the air consists of 78% of Na(g) and 22% of]
Ox(g).

(a) Estimate the minimum number of 10.-L balloons it would take to lift a 23 kg child. Assume air has an
average molar mass of 29 g/mol, and assume the masses of the balloons and strings are negligible. (5 pt)
(b) Explain why the balloons can lift the child. (5 pt)
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1. Find the general solution of y" + 2y’ + 5y = 1.25¢%* + 40cos4x — 55sin4x (15%)

2. Find the general solution of y' = i y? + %y == % and indicate what type of your solution is (implicit
or explicit) (15%)

3. Find the series solution of xy"" +y = 0 (20%)

4. Solve y"' + 4y = f(t) with y(0)=)'(0)=0 by Laplace transform, where f(t) =0 when t < 3, and f(t) =t
when t > 3 (15%)

e r x>0

5. Solve the Fourier Transform of f(x) = {0 otherwise

(15%)

2

2
6. Find u(x, f) of 1-D wave equation, 2—; = 2 ZTZ-L’ for the string of length L=1 and ¢’=1 when the initial

velocity is zero and satisfies u(0,)=u(L.))=0, u(x,0=fx), u(x,0) = f(x) = k(r?x — x%)
(20%)
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1. Determine the collision frequency for an oxygen molecule (M = 3.20 x 107 kg/mol) in a sample of
pure oxygen gas at 35°C and 1.7 atm. Assume that the diameter of an O2 molecule is 300 pm.

A ox10°sT B 2x10°sT  (©) 4x10°s!

D) 5x10%°s! B 7x10°s!

2. Consider the following reaction:

2NOCI(g) = 2NO(g) + Cla(g)
Initially pure NOCI(g) is placed in a vessel at 2.96 atm. At equilibrium, 0.410% of the NOCI has

decomposed. Determine the value of Kp.
(A)5.00x107°  B) 257x10°  (©)6.07x 107

M 1.03x107 (E) 2.06%x107

3. How many mmoles of HCI must be added to 155.0 mL of a 0.28 M solution of methylamine (pKb =
3.36) to give a buffer having a pH of 11.42?
(A) 19 mmoles (B) 0.17 mmoles (C) 6.2 mmoles

(D) 3.7 mmoles  (E) 0.61 mmoles

4. The value of Kr for the complex ion Ag(NH3)2 " is 1.7 x 107 Ksp for AgClis 1.6 x 1071, Calculate the
molar solubility of AgClin 1.0 M NH3.
A)1.7x1010  B29x10°  (©)47x107

M)13x10° (E)52x107

5. A 1.00-g sample of the rocket fuel hydrazine, N2H4, is burned in a bomb calorimeter containing 1200

g of water. The temperature of the water and the bomb calorimeter rises from 24.62°C to
28.16°C. Assuming the heat capacity of the empty bomb calorimeter is 837 J/°C, calculate the heat of
combustion of 1 mol of hydrazine in the bomb calorimeter. (The specific heat capacity of water is 4.184
Jg=°C))

(A)-152kJ (B) +47.4kJ (C) +20.7 kJ

(D) —-665 kJ (E) —569 kI

6. Water gas, a commercial fuel, is made by the reaction of hot coke carbon with steam.

C(s) + H20(g) — CO(g) + Ha(g)

When equilibrium is established at 800°C, the concentrations of CO, Hz, and H20 are

4.00 x 1072 mol/L, 4.00 x 102 mol/L, and 1.00 x 1072 mol/L, respectively. Calculate the value of AG®

for this reaction at §00°C.
(A) 163 kJ (B) 109 kJ (C) 193 kJ

(D)-43.5KkJ (E) none of these
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7. Calculate the solubility product of silver iodide at 25°C, given the following data:
E° (V)
Agl(s) +e — Ag(s) +17 -0.15
I(s) +2e — 21 +0.54
Ag +e — Ag(s) +0.80

(A)19x10* B)gax107 (©35x10%
M29x103 E21x1012

8. Gold is produced electrochemically from an aqueous solution of Au(CN)2™ containing an excess of

CN™. Gold metal and oxygen gas are produced at the electrodes. How many moles of O will be
produced during the production of 1.00 mol of gold?
(A) 4.00 mol (B) 3.56 mol (C) 0.50 mol

(D) 1.00mol  (E) 0.25 mol

9. Consider an atom traveling at 1% of the speed of light. The de Broglie wavelength is found to be 3.31
x 1072 pm. Which element is this?

(A)P (B) Ca (C) He

(D) F (E) Be

10. For an electron in a 2.00-nm one-dimensional box, calculate the wavelength of electromagnetic
radiation to excite the electron from the ground state to the level with n = 3.

(A) 12,100 nm  (B) 1470 nm (C) 13,200 nm
(D) 1650 nm (E) none of these

11. The first ionization energy of Mg is 735 kJ/mol. Calculate Zeff.
(A)2.25 (B) 2.00 (C) 4.00
(D) 5.04 (E)none of these

12. Which of the following shows these molecules in order from most polar to least polar?
(A) CF2Cla > CF2H2 > CClaHa > CHs = CCly

(B) CH4 > CF2Cl2 > CFaH2 > CCls > CClaHa
(C) CF2H2 > CClaH2 > CF2Cla > CHs = CCly
(D) CF2Clo > CF2H2 > CCls > CCloH, > CHa
(E) CH4 > CF2H2 > CF2Cl2 > CClg > CCloHa
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13. Consider the following molecules.
I BF3 Il. CHBr3 (C is the central atom.) L Brp
IV.xecl, V.CO VI. SE4

Select the molecule(s) that fit the given statement.

These molecules violate the octet rule.
(A)IIL, V, VI (B) L IL 1V, VI O LIV, VI
D) LI, IV (BE) L1IL, IV, VI

14. Select the correct molecular structure for SFa.
(A) pyramidal (B) bent (C) linear
(D) tetrahedral ~ (E) none of these

15. Consider the following Lewis structure. (Lone pairs are not drawn in.)

H O H H

| 1 | |
H—-C—C—C=C—H

| 3 2

H
Which statement about the molecule is false?

(A) Oxygen is sp3 hybridized.
(B) This molecule contains 28 valence electrons.
(C) C-2 is sp® hybridized with bond angles of 120.

(D) There are 10 sigma and 2 pi bonds.
(E) There are some H-C-H bond angles of about 109° in the molecule.

16. Which statement about the thiocyanate ion, SCN, is true?
(A) Only one correct resonance structure can be drawn.

(B) Its Lewis structure contains an unpaired electron.

(C) Its shape is bent like that of H2O.
(D) There are more than two ¢ bonds in the ion.
(E) none of these

17. Consider the molecular-orbital energy-level diagrams for O2 and NO. Which of the following is true?
I.  Both molecules are paramagnetic.

II.  The bond strength of O3 is greater than the bond strength of NO.
ITII. NO is an example of a homonuclear diatomic molecule.

IV. The ionization energy of NO is smaller than the ionization energy of NO™.
(A) IandlIonly (B)LILandIV  (C)IlandIV
(D) IT and ITI (E) I only
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18. The following data were collected for the decay of HO2 radicals.
Time [HO2] Time [HO2z]
0s 1.0 x 10! mole/cm? 145 1.25 x 10'° mole/cm’
2s  5.0% 10" mole/em® 30s  6.225 x 10° mole/cm’

6s 2.5 x 10" mole/cm?

Which of the following statements is true?
(A) The half-life of the reaction is 2 ms.
B) A plot of 1/[HO2] versus time gives a straight line.
(C) The rate of the reaction increases with time.

(D) The decay of HO2 occurs by a first-order process.
(E) A plot of In [HO2] versus time is linear with a slope of —£.

19. You are given a small bar of an unknown metal, X. You find the density of the metal to be 10.5
g/cm3. An X-ray diffraction experiment measures the edge of the unit cell as 409 pm. Assuming that the
metal crystallizes in a face-centered cubic lattice, what is X most likely to be?

(A) Ag (B) Pt (C) Rh

(D) Pb (E) none of these

20. Alkali halides commonly have either the sodium chloride structure or the cesium chloride
structure. The molar mass of CsCl is 2.88 times the molar mass of NaCl, and the edge length of the unit
cell for NaCl is 1.37 times the edge length of the CsCl unit cell. Determine the ratio of the density of
CsCl to the density of NaCl.

(A) 0.541 (B)0.984 (C)1.85

(D) 1.02 (E) 2.10

21. Below is a phase diagram for compound X. You wish to purify a sample of X that was collected at P
= 1.0 atm and 7"= 100 K by subliming it. In order to sublime the sample, you should

15 p—

L. -—
P(atm) '

0.5 —

o 1m i) 300

T (K}
(A) increase T to 300 K, keeping P = 1.0 atm.

(B) abandon the attempt to sublime X.

(C) lower P to 0.5 atm and then increase 7'to 200 K.
(D) increase P to 1.5 atm and then increase 7" to 300 K.
(E) increase T to 300 K and then lower P to 0.5 atm.
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22. Thyroxine, an important hormone that controls the rate of metabolism in the body, can be isolated
from the thyroid gland. If 0.455 g of thyroxine is dissolved in 10.0 g of benzene, the freezing point of the
solution is 5.144°C. Pure benzene freezes at 5.444°C and has a value for the molal freezing-point-

depression constant of K of 5.12°C/m. What is the molar mass of thyroxine?
(A) 2330 g/mol (B) 285 g/mol (C) 777 g/mol
(D) 3760 g/mol (E) 777,000 g/mol

23. A 5.00-g sample of a compound is dissolved in enough water to form 100.0 mL of solution. This
solution has an osmotic pressure of 25 torr at 25°C. If it is assumed that each molecule of the solute
dissociates into two particles (in this solvent), what is the molar mass of this solute?

(A) 18,600 g/mol  (B) 37,200 g/mol (C) 74,300 g/mol
(D) 1560 g/mol (E) none of these

24. Which of the following oxides is amphoteric?
(A) BeO (B) MgO (C) BaO
(D) SO (E) CaO

25. Which of the following statements about the complex ion Co(en)2Clz" is true?
(en = ethylenediamine, NH2CH2CH2NH?)
(A) The geometric isomers of the complex ion have identical chemical properties.
(B) The complex ion exhibits two geometric isomers (cis and frans) and two optical isomers.
(C) Because en 1s a strong field ligand (large A), the complex ion is paramagnetic.
(D) The complex ion exhibits cis and frans geometric isomers, but no optical isomers.
(E) The complex ion contains Co(I).

26. Radioactive tracers are useful in studying very low concentrations of chemical species. A chemist has

a sample of Hgl> in which part of the iodine is the radioactive nuclide of mass 131, so that the count rate

is 5.0 x 10! counts per minute per mole of . The solid mercuric iodide is placed in water and allowed to

come to equilibrium. Then 100 mL of the solution is withdrawn, and its radioactivity is measured and

found to give 22 counts per minute. What is the molar concentration of iodide ion in the solution?
@iix1wo™ ®rix10?  ©11x101

D 44x1070 (E)4.4x1011

27. Which of the following statements is/are true of nuclear fission?
1. For the nuclear fission process to be self-sustaining, at least one neutron from each fission event must

go on to split another nucleus.
2. If more than one neutron from each nuclear fission event causes another fission event, the process dies

out and the reaction is said to be subcritical.
3. A fission bomb operates by suddenly combining two subcritical masses of fissionable material to form

a supercritical mass.
(A) 1 only (B) 2 only (C) 3 only
(D)2 and 3 (E) 1and 3
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28. Oxidation of 2-methyl-1-butanol could yield
I.  2-methyl-1-butanone
II. 2-methylbutanal
III. 2-methylbutanoic acid
(A) 1T only (B) I and III (C) I'and IIT

(D) I only (E) III only

29. Which of the following statements are true about starch?

I.  The monomers are fructose and glucose.

II. The monomer is glucose.

III. It is the main carbohydrate reservoir in plants.

IV. Itis the main carbohydrate reservoir in animals.

V. Itis an addition polymer.

VI. Itis acondensation polymer.
(A) 1L, II1, VI B)LIV,V (O L IL IV, V
(D)L, III, V (E) I, IV, VI

30. Which of the following statements is correct?
(A) Nucleic acids are made of nucleotides joined together with amide bonds.

(B) The primary structure of proteins is determined by 3'-5".
(C) Fats are polymers composed of monomers called monosaccharides.
(D) No one has ever made a polymer using amide bonds.

(E) None of these statements is correct.

=~ FREESE (B S 4 83T 104)
Consider a children’s cartoon illustrating a child holding the strings of several helium balloons and being
lifted into the sky at a pressure of 1.0 atm and 25°C assuming the air consists of 78% of N2(g) and 22% of]
O2(g).
(a) Estimate the minimum number of 10.-L balloons it would take to lift a 23 kg child. Assume air has an
average molar mass of 29 g/mol, and assume the masses of the balloons and strings are negligible. (5 pt)
(b) Explain why the balloons can lift the child. (5 pt)

RAFHAME  FYZTFTORTHA



Bl 3 b K2 109 25 B
REBRLEEHEB/A LR ARG

FEEM: RX [(HARARLHETE - TR EHALETE]

— A EFR -

F X 0FH - 100 4548

FTAABLENTRFEHRE > EF/FEF ~He & - FAREL
£5 (F) 2 BEEHRA - ZARS  BRABLATERE  wh REIL
Bif R A A B R 2L - |

EEEBRAE - REEGS4DHETE -HEAIMET THETHRAE &
EEREXTFRIR - RBA-BER () ~ FEGHITESH) - BA
FHRAE R — A LR 0 RFBEB LR  HHEEL -
BEFHU2BEZER e ARG ER (%) B> k4480 2B &
B AREBRTHERACLHERE LR EEL HA RG24 A4T
B o

BEE (F) BEHEFERE  REFME - BOE RFREEERS RS
o ONFRBEGEANYL REBEREERALESHMZIEMITRE
% o _
TEERAGERFRAAERANAZELE o TT R BSE
FEA$  EABREFEAAN S DRIAUBESERE LA REAGL
FoARATZEREHS PR (WAL THITE - TFFLE) A
35 o

o HEREFES (F) FHUHE - KYEEZHBBELENEE -
o HEREMIIE  EEBISHEEHREES -
o ENBRARIBEERNGIBI R RER RITHARIE -




BIP LAS 109 2FEALTERLFHPLELREA

AELHE AX [HARRELHETE - HHATBBHALHETa) A% - 439005
MAA BB FRE " AT AT ERCGREAR) £4AF1R
BHEARABIRI £30B)FHEEFEHFE -
I. Multiple Choice Questions (EE )
A. Select the preposition that best complete the sentence. (30%, 3 points each)
1. We had no computer backup and had to rely on old paper files to the records we lost.
A. remedy
B. reconstruct
C. recondition
D. register
2. The accident happened as a result of years of on the part of the safety.
A. indifference
B. incuriosity
C. consistence
D. loneliness
3. Philosophy differs from science, in that its questions cannot be answered , by observation or
experiment.
A. emotionally
B. deliberately
C. empirically
D. mostly
4. The chairman proposed that we have someone with and imagination to design a marketing
strategy.
A. intuition
B. enterprise
C. conservative
D. irritable
5. Did you find her enthusiasm for the project ? Almost everyone on the team is now doing
their utmost to resolve the difficulty.
A. contagious
B. operative
C. effectual
D. infectious
6. The bank has agreed to the payment on my loan while I am still a student.
A. defer
B. suspend
C. dangle
D. sustain
7. Public of the problem of environment protection will make politicians take it seriously.
A. diagnosis
B. agitation
C. awareness
D. proclamation
8. Recently a large international conference was held with the aim of promoting development in
all countries.
A. unthinkable
B. unpredictable
C. retainable
D. sustainable
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9. Patricia likes doing active things like canoeing, and horse-riding.
A. wandering
B. hiking
C. strolling
D. roaming

10. The table has a plastic coating that prevents liquid from into the wood beneath.

A. spilling
B. scattering
C. permeating
D. circulating

B. Choose the option has the closest meaning to the underlined part of the sentence in its
context. (30%, 3 points each)

11. A conflict could be approached by bolstering one's position with a system of justification, moral

principles, or rules of logic.

A. combining

B. criticizing

C. supporting
12. There was a sudden flash of light, making the driver veer sharply.

A. change suddenly

B. adjust slightly

C. halt completely
13. The farmers were more anxious for rain than the people in the city because they have more at stake.

A. 1invain

B. in their possession

C. atrisk
14. If social security should be contingent on financial need, there is a danger that such means-testing

will later be extended to less affluent people.

A. relevant to

B. dependent on

C. accessible to
15. Reducing unemployment has become an imperative for the new government.

A. apriority

B. an undertaking

C. apromise
16. After several attempts, Thomas embraced an opportunity to further his studies at a national

university.

A. indulged himself in

B. applied himself to

C. availed himself of
17. Machine-to-machine exchanges will off-load human brain work the way machines of the industrial

Revolution off-loaded muscle work.

A. reshape

B. relieve

C. affect

18. We must get the whole expedition clearly mapped out on paper before we start to order any

equipment.

A. graphed

B. schemed

C. reflected
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19. The cosmetics advertisement purports to delay the development of wrinkles.
A. claims
B. supports
C. means

20. The economic policies that the government is now pursuing threaten to undermine the health care
system, although they claim to maintain it.

A. weaken
B. emphasize
C. strengthen

II. Reading comprehension. (40%, 4 points each)

According to a recent study suggests, the amount of food needed to feed the world's population by
the end of the century could increase by almost 80%. Researchers said a trend of increasing Body Mass
Index (BMI) is resulting in individuals requiring more calories. The authors warn that failure to meet the
need for more calories could lead to greater global inequality.

The study calculated that 60% of the calorie increase would be a result of the growing population in
the world. According to the UN World Population Prospects, the global population was estimated to
increase from seven billion in 2010 to almost eleven billion in 2100. Yet, more than 18% of the increase
in the calories from 2010 levels would come from a projected increase in height and weight figures in
the global population.

"The increase in the average daily required energy rises by 253 kcal per person between 2010 and
2100 in our estimations, assuming a rising BMI and height," explained Lutz Depenbusch from the World
Vegetable Center. "On a global scale, we calculate that the effect of the BMI and height increases in our
model would lead to additional calorie requirements that match the combined requirements of India and
Nigeria in 2010." In terms of what food would equate to an increase of 253 calories in someone's daily
diet, Dr. Depenbusch said an extra two large bananas or a portion of French fries would be on the menu.

Dr. Depenbusch and his colleague, Prof. Stephan Klasen from the University of Gottingen,
Germany, said their modeling suggested that sub-Saharan nations would be extremely affected by such
an increase in future global calorie requirements. In fact, the region has already been witnessing a sharp
increase in the need for calories as it was undergoing a rate of rapid population growth.

The researchers warned that a failure of the global food policy to accommodate this increase in the
demand for more energy could exacerbate food and economic inequality. It is warned that the growing
demand for food would lead to an increase in food prices. While rich nations would be able to absorb the
increases, poorer nations would struggle and thus lead to more malnutrition.

(Reference: Kinver, M. (2019, December 23). World faces 80% calorie increase by end of century. BBC
News Science & Environment)

21. The passage primarily discusses:
A. excess nutrition
B. food poisoning
C. malnutrition
D. food demand
22 Most likely, the word "it" in the 4th paragraph refers to the:
A. Nigeria
B. India
C. sub-Saharan nations
D. Germany
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23. Which was claimed in this study to mostly affect the increasing amount of food demand in the near
future?
A. poverty
B. increase in height figures
C. increase in weight figures
D. growing population
24. Where do the authors suggest additional dietary supplements in the article?
A.Line 10
B. Line 15
C. Line 18
D. Line 22
25. The study mentions all of the following as important in determining the food demand EXCEPT the
A. increase in food prices
B. rising BMI value
C. rapid population growth
D. average daily required energy per person
26. The word " projected " in the second paragraph is closest in meaning to
A. promised
B. manipulated
C. predicted
D. proposed
27. Which is TRUE concerning the main context?
A. Poorer nations have a higher potential to conquer the challenge of increasing food demand.
B. The average daily required energy per person declines from 2010 to 2100.
C. The global population will exceed eighteen billion in 2100.
D. An improper food policy could exacerbate food and economic inequality.
28. The word "extremely" in the fourth paragraph is closest in meaning to
A. exceptionally
B. inferiorly
C. ordinarily
D. equally
29. According to the study, what has been done by the researchers for proving the amount of food needed
by the end of the century?
A. market survey
B. fortune telling
C. calculation model
D. live test
30. According to the third paragraph, 253 calories per day may be substituted by
A. a serving of vegetables
B. a whole serving of French fries
C. two large-sized bananas
D. lack of information
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