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(1) Water is able to form hydrogen bonds because
(A) oxygen has a valance of 2.
(B) the water molecule is shaped like a tetrahedron.
(C) the oxygen atom in a water molecule has a weak positive charge.
(D) each of the hydrogen atoms in a water molecule is weakly negative in
charge. ,
(E) the bonds that hold together the atoms in a water molecule are polar
covalent bonds.
(2) Which of these functional groups does not contain oxygen ?
(A) phosphate
(B) carboxyl
(C) hydroxyl
(D) sulfhydryl
(E) carbonyl .
(3) Large organic molecule are usually assembled by polymerization of a few
kinds of simple subunits. Which of the following is an exception to this
, statement ?
(A) RNA
(B) anenzyme
(C) cellulose
(D) DNA
(E) asteroid
(4) Organelles other than the nucleus that contain DNA include
(A) ribosomes
(B) mitochondria
(C) chloroplasts
(D) Band C only
(E) A, B/ and C .
(5) According to the fluid mosaic model of cell membranes, which of the following
is a true statement about membrane phospholipids?
(A) They occur in an uninterrupted bilayer, with membrane proteins restricted
to the surface of the membrane. '
(B) They have hydrophilic tails in the interior of the membrane.

(C) They are free to depart from the membrane and dissolve in the surrounding -

solution.
(D) They frequently flip-flop from one side of the membrane to the other.

(E) They can move laterally along the plane of the membrane.

(6) Glucose diffuses slowly through artificial phospholipid bilayers. The cells lining
the small intestine, however, rapidly move large quantities of glucose from
the glucose-rich food into their glucose—poor cytoplasm. Using this
information, which transport mechanism is most probably functioning the

intestinal cells 7
(A) exocytosis
(B) phagocytosis
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(C) simple diffusion
(D) facilitated diffusion
(E) active transport pumps
(7) Where is the electron transport chain found in plant cells ?
(A) cytoplasm
(B) thylakoid membranes of chloroplasts
(C) stroma of chloroplasts
(D) matrix of mitochondria
(E) inner membrane of mitochondria
(8) Which of the following is not considered a second messenger ?
(A) GTP
(B) calciumions
(C) cAMP
(D) inositol trisphosphate  (IP3)
(E) diacylglycerol (DAG)
(9) From the perspective of the cell receiving the message, the three stages of cell
signaling are .
(A) signal reception, signal transduction, and cellular response.
(B) signal reception, cellular response, and cell division.
(C) signal reception, nucleus disintegration, and new cell generation.
(D) the paracring, local, and synaptic stages.
(E) the alpha, beta, and gamma stages.
(10) What is the name for the special region on a duplicated chromosome that holds
the sister chromatids together ?
(A) centromere
(B) centrosome
(C) kinetochore
(D) microtubule organizer region
(E) desmosome
(11) What kind of chemical bond is found between paired bases of the DNA double
helix 7 :
(A) covalent
(B) ionic
(C) phosphate
(D) sulfhydryl
(E) hydrogen
(12) The archenteron develops into
(A) the endoderm
(B) the blastocoel
(C) the lumen of the digestive tract
(D) the mesodern
(E) the placenta
(13) Without the formulation of an ectoderm, vertebrates would not
form
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(A) aheart

(B) kidneys

(C) aliver

(D) apancreas

(E) anervous system

(14) Which of the following is a characteristic of the early stages of local

inflammation 7
(A) arteriole constriction

(B) antibody-and complement- mediated lysis of microbes

(C) fever
(D) release of histamine
(E) attack by cytotoxic T cells

(15) The movement of substances from the blood into the proximal tubule is known

as .
(A) dialysis

(B) reabsorption
(C) filtration
(D) secretion
(E) none of these

(16) The hybridoma technique is used for
(A) creating new varieties of a species

(B) over-expression of proteins

(C) making monoclonal antibodies

(D) increasing disease resistance
(E) all of the above

(17) The net energy yield of glycolysis is

(A)1
(B) 2
(C)s
(D) 10
(E) 36

(18) The shortest period of the cell cycle is the

(A) Gl
(B) G2
(CO)M
(D) S
(E) inter-

(19) Sponges are classified as
( A) Echinodermata
(B) Chordate
(C) Mollusca
(D) Porifera
(E) Cnidaria

ATP.

phase.

(20) What limits the resolving power of a light microscope ?
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(A) the type of heavy metal or dye that is used to stain the specimen.
(B) the ratio of an object’s image to its real size.
(C) the shortest wavelength of light used to illuminate the specimen.
(D) the type of lens used to magnify the object under study.
(E) the type of lens that focuses a beam of electrons through the specimen.
(21) Where does glycolysis take place 7
( A) mitochondrial inner membrane
(B) cytosol
(C) mitochondrial outer membrane
(D) mitochondrial matrix
(E) mitochondrial intermembrane space
(22) DNA microarrays have made a huge impact on genomic studies because
they . Please describe the difference between open circulatory
system and closed circulatory systems.

(A) can be used to eliminate the function of any gene in the genome
(B) can be used to introduce entire genomes into bacterial cells
(C) allow the expression of many or even all of the genes in the genome to be

compared at once.
(D) allow physical maps of the genome to be assembled in a very short time

(E) dramatically enhance the efficiency of restriction enzymes
(23) From the perspective of the cell receiving the message, the three stages of cell

signaling are
(A) signal reception, nucleus disintegration, and new cell generation

(B) signal reception, signal transduction, and cellular response
(C) signal reception, cellular response, and cell division
(D) the paracrine, local, and synaptic stages
(E) the alpha, beta, and gamma stages
(24) RNA polymerase moves along the template strand DNA in the
direction, and nucleotides to the end of the growing transcript.
(A) 5533
(B) 33-5,3
(C) 3355
(D) 5°—>3;5°
(E) Randomly
(25) Which of the following are transcribed from DNA 7
(A) protein
(B) exons
(C) rRNA
(D) introns
(E) Band C
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1. Please describe the body’s defense (including of nonspecific defense and specific
defense mechanisms)

9 Please describe the difference between gram-positive and gram negative bacteria.

How to distinguish the two types of bacteria ?

L. depolar1zat1on

2. electrochemical gradient
3. excitatory postsynaptic potential
4. date maps

5. euryhaline animal
6. tandemly repetitive DNA
7. mutagens

8. spliceosome

9. DNA lagging strand

10. bacteriophage
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(1) What is the replication process of prokaryote. (20%)
(2) What is splicing procedure of eukaryotic mRNA, including the components and
mechanism that are involved in? (20%)
(3) Design a protocol to clone a gene of virus. Describe the conditions and criteria for
the design. (10%)
(4) Describe a protocol to isolate a plasmid of 6000 base pairs. (10%)
(5) Draw the tRNA and describe its components. (10%)
(6) What is the meaning of following terminology: (30%; 3% each)
(a) TATA box
(b) Pribnow box
(c) Southern blotting
(d) Stem-loop
(e) Transcription factor
(f) Shine-Dalgarno sequence
(g) Cistronic
(h) Super coil
(i) Electrophoresis
(j) Alpha helix
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—# idi'F?ifL(hypothalamus)?zu FTIERI £ 7E - (30 &)

=~ LI 4] A2 AR R 4T % (feeding behavior) g 4 22 # %] o (30 2)

m - 4B 39 A A 48 fm s (myelinated neuron) g R A AE R 49 4% 4B 4a

(un-myelinated neuron) ° (10 %)
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Ten (10) points for each question.

1.

10. The following 2 equations are related to ammonium metabolism. Please identify A,

Please compare the DNA helix and o helix.

Please draw the general formula of a-amino acids and the peptide bond of a

dipeptide.
What is the “chemiosmotic hypothesis” and how energy is generated?

Please draw the tricarboxylic acid (TCA) or Kreb’s cycle with key intermediates

and mark the steps where high energy compounds are synthesized.

Please write the Michaelis-Menten Equation and explain the meaning and unit of

each symbol.

Please explain the competitive, noncompetitive and uncompetive inhibitors of an

enzyme.

Under anaerobic conditions, the yeast can only make 2 ATP’s from a molecule of
glucose. Please explain why and how the yeast does biochemically to correct the
situation of lacking NAD™ ?

What are the primary, secondary, tertiary, and quaternary structures of protéins?
Please explain the overall regulation of tryptophan synthesis at the DNA and
enzyme levels.

B(enzyme), C, D,and E(enzyme).

. B
NH4" +_A _+NADPH + H* &= glutamate + NADP" + H,0
. ~ &

m

C _+_D +NADPH+H" == 2 glutamate + NADP"*
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()1 £&FTEABRAEAGE ARER BB E Ok D% BE&KE
( )2 M—HEBEABFLERNBEHBERALERANEFGHELEER? A)
— & tm BAAHLY OAILEL DN HALE BE)F i '
( )3 BRACHITEAEREZNE? A) 98 B) 8f@ C) 718 D) 6/8 E) 5
() 4 ssEHRA AT A FEANE A) 1~1418 AT B) 6~208 FAT C)
16~301& 3T D) 30~441& 37 E) 40~541% A7
()5 MHARRAMEANETHRETEUALB LAY AT BIST
0)24°C D)33°C E}46TC
(D6 Fr3 MW RAEEBREDNT A)30 B40 050 DO E70 2@k
()7 REBEGHKRZEFERESWHE B RAEREBN AT EEY
| BKA MY O tidh D)RAHY E)F MY
()8 EHEMELBMAREER ABERE BAER OFFE DX EX
2417
()9 AEAQE ## (Vant Hotf's law) R #5 £ @B 6B R &% w10C > 24 %
ERYRE S A) 1.2/ B) 2-34 C) 3~44% D) 4~54% E) 5~64%
()10 iEEARREERGE 2 £ BB E— ﬁy’tf&ﬁ\ﬁ" A)1~10%
B)10~20% C) 20~30% D)30~40% E)40~50% Z.F -

PR %8 ( 30%) (FA55)

1. Biological accumulation 2. Compensation depth
3. Climax 4. Zooplankton

5. Omnivore | 6. Homoiothermic species
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2.

£ 1% 1L 842 (The process of evolution) & £ & 7R &k R 69 4] 7 (10%)
HA — 2T ) £ (Headwaters) ~ ¥ #% (Midsection) ~ & F i
(Lower reaches) &3AH2 % A7 £ (Trophic types) ~ 18 %t £ # £ 4 1%
(Relative biodiversity ) ~ “F34 % #3584 X /v (Relative particle size) »
REEZ/TRELE (Production/Respifation Ratio) X # 4L & &7 ?
(124) | |
LA H B e B A S ? SR b Bk S B o (84)
PSR B # P (Phylum) Be K R M3k % > 12 B AT R L AT 4o e B
%ﬁ?ﬁﬁ(Spec.ies) F AP E 80X KRB AEHR > HRBETRMBRR AT 2 (109)
TRAEMEMZEEXENG  FHETREA+ (FH) 5 (&

£) 0 (RBE) EAEHE (10\)0%7\3/\5#3:/1?  TELEEHL, .

Type of interaction Species 1 Species 2

1. Competition

- 2. Amensalism

3. Protocooperation

4, Commensalism

5. Parasitism
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1. 1998 F49 X - ﬂim%?ﬁﬁﬂﬁ%%@ﬁ%ﬁiéﬁhﬁﬁ’&%kﬁﬁ#oaT
RAEMPE 1987 F(CHMBELES—F)2] 1099 F M4 BiTH

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
49 32 33 39 22 42 9 9 39 52 588 70 65

(a) & BASITHHNEEE o (5 9)
(b) K4 BITHMTEEAF— ZOH a8 o (5 )
(0) RAeBATHYTHHAIBEEL o (5 )
(d) R4 BITHMRAEFR A - (59)

0. fRAE L3

(a) 95% ZHEHM (5 %)
(b) P-1& (P-value) (5 %)
(c) ®ZE A (power) (5 %)
(d) B IAE %2 (54)

h\

3~ma%<iﬁ B> E—RETFHAE A 12 PFEFITERGTER X > 245
=900 &9 | LA HE H - A AH 5B K P(850 < X < 950) B9 fildE o (20 %)

4. XRAMERRAE 110 2L FEREF > 4 iﬁhﬁﬁ 500 /@F%‘ 385 A% » @ B 3%
-8R 400 AT A 267 AR o
(a) #MIEBEFAREE 5% T > bR EHAI R BB BULTHHELZ R P
B2 (10 4)
(b) KMRMRML AR £ L 95% #ZHEM o (10 )

5. £ 20 KR LRIBBRETHSRILEN  FALARE y (B2 %) FHEL
SWRE v (B4 %) BBMAAGEIELT 1 T = 1.1960, T = 92.1605, Sp . (z; —
T)? = 0.68088, >0 (vs — §) (= — T) = 10.17744, se(B,) = 1.31645, 62 = 1.18

(a) REBEHFRN = ﬂo +,31.’13 o (5 %)

(b) REREAEMWAEE 1% B > s RAEHTARME o (5 %)

(c) &4n tooos,18 = 2.88 > FAKE =001, Hy: f1=0, Hi: f1#0e (5%)
(d) €= t9.095,18 = 2.101 > I}L\/FD‘\EMB/\%//@ }% 1% B > s BB F3949 95% 1EHE
Ho (5 91\)
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Table 2: BEFERMIHRE : ()= [T e e~t/2 dt

0.00 0.01

0.02

0.03 0.04

0.05. 0.06 0.07 0.08

0.09

0.5000 0.5040

0.5398 0.5438-

0.5793 0.5832
0.6179 0.6217
0.6554 0.6591
0.6915 0.6950
0.7257 0.7291
0.7580 0.7611
0.7881 0.7910
0.8159 0.8186
0.8413 0.8438
0.8643 0.8665
0.8849 0.8869
0.9032 0.9049
0.9192 0.9207
0.9332 0.9345
0.9452 0.9463

-10.9554 0.9564

0.9641 0.9649
0.9713 0.9719
0.9987 0.9987
0.9990 0.9991
0.9993 0.9993
0.9995 0.9995

0.5080
0.5478
0.5871
0.6255
0.6628
0.6985
0.7324
0.7642
0.7939
0.8212
0.8461
0.8686
0.8888
0.9066
0.9222
0.9357
0.9474
0.9573
0.9656

0.9726

0.9987
0.9991
0.9994
0.9995

0.5120 0.5160
0.5517 0.5557
0.5910 0.5948
0.6293 0.6331
0.6664 0.6700
0.7019 0.7054
0.7357 0.7389
0.7673 0.7704
0.7967 0.7995
0.8238 0.8264
0.8485 0.8508
0.8708 0.8729
0.8907 0.8925
0.9082 0.9099
0.9236 0.9251
0.9370 0.9382
0.9484 0.9495
0.9582 0.9591
0.9664 0.9671
0.9732 0.9738
0.9988 0.9988
0.9991 0.9992
0.9994 0.9994
0.9996 0.9996

0.9997 0.9997 0.9997 0.9997. 0.9997

0.5199 0.5239 0.5279 0.5319
0.5596 0.5636 0.5675 0.5714
0.5987 0.6026 0.6064 0.6103
0.6368 0.6406 0.6443 0.6480
0.6736 0.6772 0.6808 0.6844
0.7088 0.7123 0.7157 0.7190
0.7422 0.7454 0.7486 0.7517
0.7734 0.7764 0:7794 0.7823
0.8023 0. 8051 0.8078 0.8106
0.8289 0.8315 0.8340 0.8365
0.8531 0.8554 0.8577,0.8599
0.8749 0.8770 0.8798:0.8810
0.8944 0.8962 0.8980%0.8997
0.9115 0.9131 0.9147 0.9162
0.9265 0.9279 0.9292 0.9306
0.9394 0.9406 0.9418 0.9429
0.9505 0.9515 0.9525 0.9535
0.9599 0.9608 0.9616 0.9625
0.9678 0.9686 0.9693 0.9699
0.9744 0.9750 0.9756 0.9761
0.9989 0.9989 0.9989 0.9990
0.9992 0.9992 0.9992 0.9993
0.9994 0.9994 0.9995 0.9995
0.9996 0.9996 0.9996 0.9996
0.9997 0.9997 0.9997 0.9997

0.5359
0.5753
0.6141
0.6517
0.6879
0.7224
0.7549
0.7852
0.8133
0.8389
0.8621
0.8830
0.9015
0.9177
0.9319

0.9441

0.9545
0.9633
0.9706
0.9767
0.9990
0.9993
0.9995
0.9997

0.9998 .

~h bR~
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. Aforce acting on an object moving along the x axis is given by

Fy=(14x—3.0¢5) N

where x is in m. How much work is done by this force as the object moves fromx=-1mtox =
+2m?

(A)+12] (B)+287 (C)+40J (D)+42] (E)-28]

2
. A solid wheel with mass M, radius R, and rotational inertia MR /2, rolls without sliding on a

horizontal surface. A horizontal force F is applied to the axle and the center of mass has an
acceleration a. The magnitudes of the applied force F and the frictional force f of the surface,
respectively, are:

(A)F=Ma,f=0 (B) F=Ma, f=Ma/2

(C) F=2Ma, f=Ma (D) F=2Ma, f=Ma/2

(E) F =3Ma/2, f=Ma/2

. Ahanged ball moves in a horizontal circle, as shown in the figure below. The length of the string
is L, and the gravitational acceleration is g. What is the period of this circular motion?

AN Ly //\\\\" o

A) 27 Lcosd (B) ,Lcos (C) 1 [Lcosd \\' o
g

D) 2z \/—Zcose (E) — ——cos@
g 2z \ g

. A simple pendulum is suspended from the ceiling of an elevator. The elevator is accelerating
upwards with acceleration a. The period of this pendulum, in terms of its length L, g, and a is:

A)2z(L/g) B)2xy(L/(g+a) (O2&\J(L/(g-a) {O)2zJ(L/ a)‘ (E)
(1/27)[(g /L)

. A spherical shell has inner radius R;, outer radius Ry, and mass M, distributed uniformly
throughout the shell. The magnitude of the gravitational force exerted on the shell by a point
particle of mass m located a distance d from the center, outside the inner radius and inside the
outer radius, is: 4 '
(A)0  (B) GMmv/d? (C) GMm/(R>-R )

(D) GMm(d* R}/ R*—R %) (E) GMm/(d>-R;)
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6.

10.

A satellite of mass m circles a planet of mass M and radius R in an orbit at a height 2R above the
surface of the planet. What minimum energy is required to change the orbit to one for which the
height of the satellite is 3R above the surface of the planet? .

GmM GmM GmM 2GmM 3GmM

*) 24R ®) ISR © 12R ®) 21R ®) 5R

A torsional pendulum consists of a solid disk (mass = 2.0 kg, radius = 1.0 m) suspended by a
wire attached to a rigid support. The body oscillates about the support wire. If the torsion

constant is 16 N - m. What is the angular frequency (in rad/s)?

RSN g RN

Az ® 4 © 6 MO 8 B 7

A dumbbell has a massless rod and a rod length of 2a. It is placed next to a solid sphere. If 1>>a,
what is the force difference (the tidal force) between the two particles? :

4GMa 4GMa GMa GMm 4GM
®) ©) ”

(A)

The temperature of #» moles of an ideal monatomic gas is increased by T at constant pressure. The
energy Q absorbed as heat, change Emt in internal energy, and work W done by the environment
are given by:

(A)Q=(/2)nRT, Eipn=0, W=-nRT

(B) 9= (3/2)nRT, Emt (5/2)nRT, W=~(3/2)nRT

(C) 9= (2)nRT,  Ew=(5/2)nRT, W=0

(D) 0= (B/2)nRT, Emt 0, W=-nRT

(E) 9=(G/2)nRT,  Eiy=(3/2)nRT, W=-nRT

An ideal gas is allowed to expand adiabatically. Assume the process is reversible. The change in-

entropy is:
(A)O B)nRIn(Vo/V]) (O nRIn(Ty/T1) D) knln (Vo/V])  (E) kaln (To/Ty).
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Positive charge Q is placed on a conducting spherical shell with inner radius R; and outer radius
Rs. A point charge q is placed at the center of the cavity. The magnitude of the electric field at a
point outside the shell, a distance r from the center, is:

(A) Q/4ne,R? (B) Q/4ms,(RP 1)  (C) qldns,r?
©) (g+Q)/4me,r® (B) (g+Q)/dns,(R? -r?)

A wire of uniform charge density A and length L lies along the x axis as shown in Figure.

What is the electric potential at point A? [k=1/(4n¢)] P "
(A) FAln[1+d/L] (B) Kln[1+L/d]  (C) kAL/d x
(D) KAd/L (B) kAd/(L+d). AT 2

The semicircular wire of radius R connects two straight wire segments. If a current I follows
along the wire, the magnetic field at the center of the semicircular wire due to the current in the

semicircular wire is

&) wVCR) B pVER) (© p VER) (D) pu V2R)

Ifa=1.0cm, b=3.0 cm, and /=30 A, what is the magnitude of the magnetic field at point P?

(A)0.62mT.  (B)0.59mT  (C)035mT  (D)0.31mT  (E)0.10 mT

Two conductmg spheres have radii R; and Ry, with R; greater than R,. If they are far apart the

capacitance is proportional to:
(AR RY/(R;—Rz) (B) R>—R? ©) Ri—R)/R1 Ry
(D) Ri*+Rz? (E) none of these.

In the circuit shown, both resistors have the same value R. Suppose switch A

S is initially closed. When it is then opened, the circuit has a time constant R 5 J-

Ta. Conversely, suppose S is initially open. When it is then closed, the c— R

circuit has a time constant 1. The ratio T/t is: B
(A1 (B)2 (©)0.5 (D) 0.667 E) 1.5

If an electron travels with speed v around a circle of radius r, then the magnitude of the orbital

magnetic dipole moment is:
(Ayevr’2 B)evir (C)ev2mr (D)2mer/v (E)2mevir.




i3
¥\
Sm
»

P REI0ZFEA LR A 2 HAA
> 49 38 2

=22 Z

om

18. An inductance L, resistance R, and ideal battery of emf ¢ are wired in series. A switch in the
circuit is closed at time 0, at which time the current is zero. At any later time ¢, the emf of the

inductor is given by:
(A) 8(1 —e t/R) (B) 8e—Lt/R (C) 8(1 + e-—Rt/L) (D) Ee_Rt/L (E) 8(1 _ e—Rt/L)

19. Faraday’s law states that an induced emf is proportional to:
(A) the rate of change of the magnetic field.
(B) the rate of change of the electric field.
(C) the rate of change of the magnetic flux.
(D) the rate of change of the electric flux.
(E) zero.

20. A 2-uF capacitor in series with a 2-k resistor is connected to a 60-Hz ac source. Calculate the

impedance of the circuit.
(A)1500 ohms (B)1800 ohms (C)2100 ohms (D)2400 ohms (E)8600 ohms

TEEE - SEC TS

1. A horizontal plank of mass m and length L is pivoted at one end. The plank’s other end is
supported by a spring of force constant £ . The moment of inertia of the plank about the pivot is

% mI* . The plank is displaced by a small angle @ from its horizontal equilibrium position and

released. (a) Find the angular frequency when it moves with simple harmonic motion. (10%)

(b) Evaluate the frequency if the mass is 5.00 kg and the spring has a force constant of 100 N/m.
(10%) '

2. A capacitor consists of two long concentric metal cylinders of length L with the line charge
density A. The inner and outer cylinders have radii a and b, respectively.
(2) Find the capacitance of this cylindrical capacitor. (10%)
(b) Find the energy stored in this cylindrical capacitor. (10%)
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1 ~ Benioff zone 4 ~ plutonic rock
2 ~ conglomerate 5 ~ slaty cleavage (slaty texture)
3 ~ placer

&R (85% H 1 AS54 0 %2985/ E1045)
1y BEBBRGLATTIUSANREEEREM? (5%)
2~ (a) (5%)1T3R TR & 3 stream terrace’ RAEFEH) 7 (b) (5%) E4ofTH &R 7 °
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ZHRFG T EHE TR RR LA FARKEG MY ? CGEEBREYRA)
(10%)

A ERHBHRELHAE - FALRKBRATER TRLRREALTELLE S
BAREEEEHEELR? (10%)

5~RACER ZEIEEEEZNEER » HRAR Y E/ER Y REEXER
K BE-—FHRALLFRERFEHEAERED S 0 (@)RIERBESR
PSR ARAE 7

6 B — BT XL L SR E A (a) (6%)RI AR &8 R RE 4 7]
(Bowen'’s reaction series ) ; (b) (4%)380 — 1834 K #9 /B 46 & S 4o 1T A K FI A€ 4R
8 KR%E °
T~ ZHBRBEHETRAETUHNRAFLAFBLERRKLEEIHETELE )W
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8~E%#i%ﬁ%%5ﬁkﬁ%ﬁ%§%%h’%m%ﬁm%%ﬁ%%%%&%
BiR B A ? ERF2 - (10%) ‘

O-TFTH (RE2EF) REAMER S AL (Grand Canyon) #9308 3| @ >
FAEFD~OREHEBRHRDEE F () QU)ELER BHEEHHE LT
B? 0)(An)BREEREMTEREER? OUNZEEZBAREBEE XT U
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1. (a) Find an equation of the line tangent to the graph of
f(z) = 22® — 2z + 4 at the point (0,4). [10%)

(b) Find the relative extreme values of f(z) = % [10%)]

2. (a) Evaluate f§ (3z + 2)° dz. [10%]
(b) Evaluate the integral [ = dz. [10%)

3. (a) Evaluate the integral [ fzz_z 7 dz. [10%]
(b) Evaluate the integral [§° e~ dt for s > 0. [10%)]

4. (a) Let f(z,y) = e*¥+zlny. Find all first-order and second-order
partial derivatives. [10%]

(b) Find all critical points for f(z) = 2? — 92+ 22+ 6y-+2 and determine
whether each corresponds to a relative maximum, a relative minimum,

or a saddle point. [10%]

5. (a) Let R = {(z,9)|0 <z < 2,1 <y < 3}. Evaluate the double integral
I Ir(z + 2%y) dA. [10%]
(b) Let R = {(z,y)|0 <z < 2,2* + 3 < 4}. Evaluate the double
integral [ frzydA. [10%]
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Draw the structure of the following compounds. (10%)
(a) 7-hydroxy-7-methyl-4-octen-2-one

(b) Bicycle [4.1.0] heptane

(c) N-methylacetamide

(d) 2-acetyloxybenzoic acid

(e) (E)-3-methyl-2-hexenoic acid

Explain the following terms,(15%)
1) Wittig reaction

2) Aldol condensation

3) MclLafferty rearrangement

4) Baeyer-Villiger oxidation

5) Germinal coupling

What are the stereochemical relations (identical, enantiomers, diastereomers) of
the following four molecules? Assign absolute configuration at each stereocenter

and draw the most stable conformation in Newman projection. (10%)

CHs H  CHa H
H——F HsC——F F——H ' HsC——CH,CHj
H—1—CH,CH, H——CH,CH;  HsCH,C—H F——H

CHs CHa CHa . CHs

1 2 3 : 4

Rank the following alcohols in order of increasing acidity, (5%)
OH  OH OH OH
ojogle!
cl
' cl

Predict the main product in each of the following reaction. Be sure to show

stereochemistry where it is known. (10%)
0
(a) @ ; Qo Py
o}
m-CPBA  H;SO4
(b) © CH,Cl, 25°C H,0
0

" (::éo KMOy

0
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@) w 1. Hg(OCOCH;),, CH5OH

2. NaBH4, KOH Hzo

o]

(e) w 1. K;C05
6. Propos.e a mechanism for' each reaction: (20%)

<a>Cfo} - C@o

Br2
Br

HBr

(mixture of ¢is and trans)

HO H

m + H20
ey

Ox O«
(d) Cl OCH3
CH30H
o)
N/\/\ NaOH
ag EtOH/RT
HO

7. Draw all the isomers of triphenylcyclopropane..Indicate-which.are enantiomers.
State the appearance of the upfield proton of the NMR spectrum of each (mark
protons Ha, Hb, Hc then state eg. one singlet, two singlets,....., one doublet,... one
triplet, double doublets) (10%)

8. From each group of three molecules, pick the one whose structure is most

consistent with the proton-decoupled **C-NMR data. Explain your choices (8%)

(a) CH3(CH3)4CH3, (CH3)sCCH,CHs, (CH3),CHCH(CH3),; 6 = 19.5 and 33.9

(b) 1-Chlorobutane, 1-chloropentane, 3-chloropentane; & = 13.2, 20.0, 34.6, and
446 |

(c) CICH2CHCICH,CI, CH3CCl,CH,Cl, CH,=CHCH,CI; 6 = 45.1, 118.3, and 133.8

(d) Cyclopentanone, cycleheptanone, cyclononanone; d = 24.0, 30.0, 43.5, and
214.9
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Determine the structure which is consistent with the following spectra. (12%)

MASS M
156—|
§ 1003
R
Fg 7
s 50 3
& 3
]
50 60 70 80 90 100 110 120 130 140 150 160
m/z
IR
100 ;
s —
= 50 7
E 7
g -
g +
® . 3
T T T T | T T T T l T T T T | T T T T I T T T T ’ T T T T | T T T T |
4000 3000 2000 1000
1 Wavenumber (cm-1)
H NMR 600 MHz
-
[ T T T T 1T 1 Tttt T TR
6.85 6.80 6.75 6.70 6.65  ppm 6.00 595  ppm
BC/DEPT NMR 150.9 MHz
DEPT 90° CH only }
DEPT 135° CH, CH; up, CH, down
] |
T R R R R
155 150 145 140 135 130 125 120 115 110 105 ppm
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(10%)

(10%)

(10%)

(10%)

(10%)

(10%)

(10%)

(10%)

(5%)

1.
— e 2+ -
BaF, 5y =— ]_3"‘ @9 T 2F (ag)
The value of the solubility product, Ky, for the reaction above is 4.0 x 107 at 25°C.
(a) Write the K, expression for BaF,.
(b) What is the concentration of F~ ions in a saturated solution of BaF; at 25°C?
2 H,cO, === H*+HCO; Ki=45x107

HCO; ~— H'+CO;4 - K,=56x10""
The acid dissociation constants for the reactions above are given at 25°C.

(a) What is the pH of a 0.050 M solution of H,CO; at 25°C?
~ (b) What is the concentration of CO5> ions in the solution in (a)?

3. Which is more accurate, a transfer pipet or measuring pipet? Explain your answer.

4. Calculate the ionic strength of (a) 0.008 M KOH(b) 0.0002 M La(IO3); (assuming

complete dissociation at this low concentration).

5. Sketch the general appearance of the curve for the titration of 2 weak diprotic acid with
NaOH. Explain in words what chemistry governs the pH in each distinct region of the

curve.

6. What is the difference between E and E° for a redox reaction? Which one runs down to 0

when the complete cell comes to equilibrium?
7. What is a Clark (oxygen) electrode and how does it work?

8. What is the difference between a single-beam and double-beam spectrophotometer? What

are the advantages of the double-beam instrument?

9. Why is high pressure needed in HPLC?

(15%) 10. To which kinds of analytes do the following gas chromatography detectors respond?

(a)thermal conductivity
(b)flame ionization
(c)electron capture






