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1. What is the difference between Protostomes and Deuterostomes? 10%

2. What are the components of a photosystem? How do they éach
contribute to the transformation of light energy to chemical energy?
10%

3. What are the various types of connective tissue? What types of cells
characterize each, and how does the cellular structure relate to the
tissue function? 15%

4. What is symbiosis? How can you distinguish between the different

forms of this interspecific interaction? How has natural selection and
coevolution influenced symbiotic relationships? 15%

5. #iignip e EAL.25%

6. il & Moo TR A NS IR A £ M NG, Bl T A LR

PAg8E.25%
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1. (5%) What is the "post-genome era"? What are the major tasks in the post genome era?

2. (15%) Please describe briefly the meanings of the following terms in biochemistry:
(a) electron transfer system and its example;
(b) operon and its example;
(c) restriction enzyme and its example;
(d)phosphorylase and its example;
(e) receptor and its example;

3. (10%) Please describe a metabolic pathway. What is the relationship between the pathway and its

operon in prokaryotic cells?
4. (10%) Please describe a protocol to assay glucose using either instrument or enzymology.
5. (10%) Describe a method to purify DNA from cells.
6. (20%) List {en amino acids including their structure and properties.

7. (10%) There is an E. coli plasmid pDA14 containing a virus coat profein. To make sure the
construction is right, you are requested to map it by EcoRl, Xbal, and Psfl. The fragment of EcoRl
in agarose gel is 4.76kb. Thereisa single cut for Xbal. Two pieces of DNA are obtained with
Pstl digestion, in which one picce is 430bp. After multiple digestion of EcoRI and Psil, three
picces are observed, among which there is a fragment of 948bp. Multiple digestion of Xbal and
Pstl, three fragments are obtained and one of them is 1.08kb. Please draw the map of the plasmid
with the correct positions of EcoRl, Xbal, and Pstl. '

8. (5%) The size of a viral coat protein gene in pDA14 is 987 nucleotides. What is the size of its
encoding protein in SDS-PAGE you expect to see?

9. (15%) Tris buffer has been used in several enzyme reactions, Please describe very detail about
how to prepare a 10mM Tris (pH8.0) buffer. The commercial Tris is a powder with its molecular

weight of 121.14g.
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2. #r[ ¥ ik chemical synapse & electrical synapse(30%), 3t 32,84 4
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() 1. —fEA73E 8 (Acid rain) 75 45 PH-L 4+ A)8.7 B)7.0 €)6.3 D)5.7 E)4.3 ek

()2 “"BREFALALAGIBLY” ZHAZAY AMutwalism B)Commensalism
C)Parasitism D)Competition E)Cooperation

()3 EEBASRMERY AP R 24 F ¥ (Production) v % ¥ ( Respiration )

Ve A8 4 F 105 2 R A IE RSB A)Seral Stage B)pioneer Stage C)Climax D)Aging
Stage E)Cline

()4 FHAELLY Y OBBIED T FTHEKA2AEE I B (Cycling index) 4 € A7
0% E AL EABFREY BEERREE OUNELEALEMET DERS
#Ha ¥ E)SA L% |

() 5. #R4EMac Arthur ATI2Z S 8L 3032 TR - PHBARTMGET X AR
]‘iﬁiﬁéﬁk B ByEAMBES NG OARBREHRE DEEXRREN DS

7 E)ysi L% 9k

( V6. BueREhERER2Z L BN G TNEHFHHY—~ > A e
B BREMEERBRILERERE N EENAEEF A0 cals * BERTH
By AR R E10%  HRLERZ X L EEZAME S D 7 A)100cals
B)105 cals C)104 cals D)103 cals E)102 cals

() 7. 8% % BB FH (Red tide) B9 &I — A2 35 4 %1 7 A)Diatoms
B)Dinoflagellates C)Coccolithophorids D)Cyanophytes E)Copepods

() 8. ®gsdeh 4 b sg & B ¥ A)Convex curve B)Straight line C)Concave curve D)Slight
sigmoid type curve E)Stairstep type curve ‘

()9 FRUTE & REE A SR RER 8% M BIRAR A)Turnover time B)Mutualistic
symbiosis C)Resilience stability D)Nutrient conservation E)The efficiency of energy &
nufrient utilization

( )10 4B A H 448 ¥ - A)Carbon B)Nitrogen C)Phasphate D)H,0 E)SOZﬁ:

J& W LAk T 69 18 ¥R (Sedimentary cycles)

C ) 1L ARBAE RN LHRA > T 71474 2 Hi(Entropy)fi & & A)ATP B)ADP C)AMP
D)ATP,ADP,AMP =# % —## E)F—

( D12.BAEAHXZET A4 B)5S O)6 D)7 B3 EREAR

() 13, FHREHRE L A 2B RBEE A QRN H324L” A)Tropical rain forest
B)Tropical gallery forest C)Ten;perate deciduous forests D)Boreal forests
E)Temperate evergreen forests
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C )15 FHTAQifetable) B = £ P A G E ()RS ? ALSS B)1.97 O)1.12
D)2.35 E)2.18

Life table for the Bamacle Balanus glandula at the upper shore level on pile point, San Jan
island, Washington.

~Age(yr) (x) 0 1 2 3 4 5 6 7 8 9
Observed No. Barnacles 142 62 34 20 155 11 65 2 2 O
alive each year (n,)

Mean expectation of further e, e; e, e; e e & e; eg &
life for animals alive at start
of age x (ey)

= BRELE(18%) (BRE3H)

1. Sibling species 4. Character displacement
2. Poikilothermic species 5. Krill : : :
3. Bioturbulence 6. Minimum viable population

= WA (12%) (BMHHRENVEE » 5 —Fh18)

1. 23 v — A7 ¢ 4 B84 K (Ecological model)ss 48 B4 =18 B4 ? 34)

2. % 4 % # M Biodiversity) 3 & L T 5 75 Z 40 X RIEH ? 34
3AARTRENGAT-—EBEL2B ? EB B ENAT—ERELAR 22D
4. Liebig's Law of the MinimumZ s 2 {54 547 ? 247

5. BEREERL—FRAFEZEREERBRESE 702D

m. K58 (40%) (HAL10%)

1. 3% 3% 3 = 184 46 42 7K. 4998 30 (Three hypothesis of speciation) 7
2. 34 3 F B3P 4 K8 48 AR X (Model of ecological energy flow) ?
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Table f Release rate coefficient (d-') of metals and C'in the decomposing phytoptankton debris (diztom Thalassiosi

dinoflagellate Prorocentrunt minimun). Mean * 5D (n = 2).

ra pseudonana, and

Treatment Cd Cr S¢ Zn C
T. pseudonana
With bacteria 1.68 £ 0.16 0.147 = 0.042 0.712 * 0.001 0.765 + 0.048 0.443 = 0.012
With NalN, 0.765 + 0.011 0.092 * 0.014 0.925 = 0.018 0.339 = 0.021 0.373 = 0.018
P. minimum .
With bacteria 1.67 = 0.01 0.239 = 0.052 0.845 + 0.032 1.14 = 0.05 . 0.512 = 0.024
With NaN, 0.491 = 0.008 0.113 = 0.002 0.492 = 0.007 .0‘297 * 0.007 0.275 = 0.004
3. FA#AR BEAERGE (29) T
B X) 1 2 3 4 5 6 7
F%R_(Y) 4 12 16 24 35 40 42
% X;=28 TY=173 DXY=881 L X=140 3 Y=5581
(to%) (a) #1850 b 3R Ak 2 3038 > Ao T  sk(Least square method) KB 5 &
% (F-pA R ELAXBRIHBE) '
(lDZ) (b) FRAEAN AR Y  REREHARELHELHER
(ro%  (e) i rEAEHEAT S 0(a=005) '
($7) (d) % 48 P & 7 % 4% $(coefTivient of determination) » 3 AR LB
AR AR ER -
(5%, (e  RAguMsab 4 $¢ (correlation coefficient )
wex () HFRALAMGRZEL RAARERARFEAMFRER  —F

FRRZIEHTRR ?
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(2) # M %%k (isometric) S AFE% (tetragonal) S A ¥ & A MBAMEFRBERE
R - | -
(b)) F—HEAKRAEZRBATHBEST LA TRE ?A4A 7 (WEHH) (15%)

2. fT3FEEA (point group) ? soflih XM EEFERE? (8%)

3. HMAEA M2 A FHE YR (stereoprojection) R 2 & &H# (face pole » B general form
Z8E) A THHIHEES  RHERGHAEEE > BHEEEBHARARK L
A A Z R 44 (crystal system and crystal form ) (20%)

(a) HREHBT
(b) Hesia3
(¢) 72/m 2/m 2/m
(d) m

4. ST Hermann-Mangin #32 % & (BRAKIEER?HHBMEE 2 £EHM 0
B SREAS A A MG BT 0 THEMBRA) (10%)

(a) 1432
(b) P2:2,2

5. #&—fi5 (olivine) B » €40 LS Al & MgO = 56.17 %, FeO =2.05 %, Si0;= 41.85
% (EHE AW Rt HLMBE LB R (F% #3H @R AT F 016 Mg=243,
Fe=>55.8, Si=28) (10%)

6. (a) RbigppeTH
(b) I RACE RO T X HA KRBT
(c) B+ #—ABEGHpEBBRELFR? (10%)

7. RYEUARBHEAHBRERPERNS - (105%6)
8. RIABEBFEN - BHENGLEXREBAPRS > ERATMVEERR - (10%6)
9. ¥ARFAFMBEREGIEATLME? HERAZ - (7%)
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1. continuify equation 6. cavitation
2. incompressible flow 7. boundary layer
3. vorticity 8. local and convective acceleration
4. Reynolds number 9. Bernoulli equation
5. Froude number 10. head loss

- B AT RS ] F B TS BT RN L - ik
W 0 0 WIRRALTIIRSYL 1 o TRBDERE Vo JRETF =£(LV, 0, 1) > FURARER
SRR FARER AL - (1057)

~ RIS e T g (irrotational flow),
(@) V=2xpi + (@) ]
(b) V=-(2xy+x)T +(/+y-x) ]
AR H R R B2 S (velocity potential R B B8 (stream function). (10
)

+ A venturi meter, shown in Fig. P3.165, is a carefully designed constriction whose
pressure difference is a measure of the flow rate in a pipe. Using Bernoulli’
equation for steady incompressible flow with no losses, show that the flow rate Q
is related to the manometer reading h by

0= 4, 2gh(py — £)
Ji—@, /)y p

Where o, is the density of the manometer fluid. (10 43)
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10.

KRB E a 2 F WM (center of mass) o

AL AE -

T
Hmst y = —
zé—1

KEB fla,y) =~ 2oy +o? — ) £ [-5,1] x [-5,1] = Bx iR
18 -

1 1 -
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1. asthenosphere 6. hydrothermal metamorphism
2. Cenozoic Era 7. principle of superposition

3. chemical weathering 8. thrust fault '

4. dike 9. karst

5. Bowen'’s reaction series 10. alluvial fan

I

< AE (BET 0 £T05)

1. XA BRE—EFHLE M (scientific hypqthesis) . #1233 (scientific theory) Fo#+
24 (scientific law) 2 Riey £ R EAEL 7

2. BAFEEHE (quartz) A% AR ML (cleavage) ? 5 3% (FAKR) BEATURER
TRy BHBEEFA-EFANTERY?

3. WMIRTAGKAL  BRELGHAAABFBREREZIH -

4. Musk#) £42 4 6400 X E 0 2 AH B RAMEER 10 AER (MiE) o 22ER
GEART ) > REARIER AT ET R AR R Ao e ARk P H A M A K 7

5. WEVER T A A E S ey H 4R (processes of external vs, internal
N@Mﬁﬁﬁ%%%ﬁﬁﬂ%ﬂiﬁ%%%%ﬁ%ﬁ?ﬁ%ﬂ#&%%ﬂ%m%ﬁ%
A2 R T ”

6. s M AR AR~ ? RS TAD AN T KB F R
Wi i3 A AERRAAAHAHELRR?

7. @aEs (masswasting) FHAFSHEREF - (a) RAUBERBEHAEF
(b) hodlyie—ETHEERBEGH FRTER T

8. 473 metamorphic foliation? #3%#A foliation i M e 7 7

9. METHANAAMY ? BB HIERARYALHEE T ERFIRAL

10. R4 ¥ %% (mid-ocean ridge) #3k § (spreading center) &R 4 o) £

AR > B EiER iﬁﬁﬂi?%%%%%%%Ll&%nﬁﬁf&ﬁﬂiﬁé@I%M%ﬁ .
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| MRS S TRNE (T3R5? (58 Me? {738 diumal tide? O 73)
2. ﬁﬂﬁ?ﬁﬁéﬁﬁkﬁz’%ﬁﬁ@%ﬁﬂﬂﬁqyﬁﬁ 657

3. CTD WLIE AR e CTD Zokkig s T-S 7 Sie—RTSE? ©
HfzhA?  (104)

A HERFTEIBFRESLA trade winds, westerlies)? SR AT AR TR R
PR IHUBSURSE AT (1053)

5. b (geostrophic current)EEARIZIRAY? s EERAR R B2 T R IEE
1% - MuBFHEEEL AT BTN BARR - M EAEAD = 0/1000
dbar » FERIHERR? (10 53)

6. EREIEARETER ERERAFERRE? I (estoary RIBHTK
RIS IR SR EEAGE - (109)

fRRARRERE 6 51)
1. El'Nino ‘ 5. potential temperature
2. Ekinan spiral . 6. internal wave
3. sound channel 7. westward intensification of

4. sigma-t boundary current
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(1) A car accelerates from rest on a straight road (let it be in the direction of
positive x-axis). A short time later, the car decelerates to a stop and then
returns to its original position in a similar manner. Which of the five

following graphs best describes the motmn‘?

e

(2) A block is first placed on its long side and then on its short side on the
same inclined plane as shown. The block slides down the plane on its short

side but remains at rest on its long side. A possible explanation is:

(a) the short side is smoother ‘

(b) the frictional force is less in the second case because the contact area
is less .

(c) the center of gravity is higher in the second case

(dy the normal force is less the second case

() the force of gravity is more nearly down the plane in the second case

(3) A man moves the 10-g object shown in a vertical plane from position x to
position Y along a circular track of radius 20 m. The process takes 0.75
min. The work done by the man is about: Y

(@il, 2], @©47, (6] (e12] object
(4) A 5kg object can move along the x-axis. It is subjected to a force F in the
x direction; a graph of F as a function of time t is shown below. The
change in velocity of the objectis:
G L
~(a) 0.8m/s, (b} l.1ms, (c)l.6mss, 2
{(d) 2.3 m/s, (e} 4.0m/s

> t(g)
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(5}

(6)

(N

6]

®

Four equal point masses m are arranged in the x-y plane as shown. They
are connected by light sticks to form a rigid body. If m=2.0kg anda= 1.0
m, the rotational inertia about the y-axis of this array is: ¥
(A)4.0kg - m’, (b)12kg-m?, (c)9.6kg - m?

(d)4.8 kg + m%,  (e) none of these

Two traveling waves:

¥, (x,0) = Asinfk(x - ct}]
and Y(x,0) = Asin[k(x+ct)]
are superposed on the same string. The distance between the adjacent
nodes is:

(ayct/m, (byet2m, (¢} n/2k, (&) n/k, (e€)2x/k

Two uncharged metal spheres, L and M, are in contact, A negatively
charged rod is brought close to L, but not touching it, as shown. The two
sphereés are slightly separated and the rod is then withdrawn. As a result;
(a) both spheres are neutral

{b) both spheres are positive
{c) both spheres are nepative insulating
supports

(d) L is negative and M is positive

(e) L is positive and M is negative

The index of refraction for diamond is 2.5. Which of the following is
correct for the situation shown? '
(a) (sin a)/(sinb)=2.5

{b) (sin b)(sin d)y = 2.5 diamonad
(c) {cos a)/{cos ¢} = 2.5 Talr i d
(d) (sin a)/(sin c) =1/ 2.5 <
(e)alc=2.5 '

The figure shows a uniform magnetic field B directed to the left and a
wire carrying a current into the page. The magnetic force acting on the
wire is:

(a) toward the top to the page

P |

(b) toward the bottom of the page
(c) toward the left . X
(d) toward the right
(e) zero

oy

Y'Y
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(10) A solid insulating sphere of radius R contains a uniform volume
distribution of positive charge. Which of the graphs below correctly gives

the magnitude E of the electric field as a function of r?
a. b.

c d. - e,
E E4 E £ E
hm (B) T/\c) ] :cn) ' (B
-+ T T rr T T - T r
R R

R R R
TodtEAsy 2S5 BHM 05
1. An object of mass m is suspended from a post on top of a cart by a string
of length L as shown in the Fig la. The cart and object are initially moving
to the right at constant speed v;. The cart comes to rest after colliding and

sticking to a bumper as in Fig 1b, and the suspended object swings through
an angle @ , Find the initial speed of the cart.

@ -Fig. 1 ()

2. An 8.00-g bullet is fired into a 2.50-kg
block that is initially at rest at the edge
of a frictionless table of height 1.00 m

1.00m

(Fig. 2). The bullet remains in the
block, and after impact the block lands
2.00 m from the bottom of the table.
Determine the initial speed of the
bullet,

3. A large storage tank is filled to a
height A,. The tank is punctured at a
height & above the bottom of the tank
(Fig.3). Find the expression for how
far from the tank the exiting stream

lands.
Fig. 3
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4. A dead battery is charged by connecting it to the tive battery of another car
with jumper cables (Fig.4). Determine the current in the starter and in the

dead battery.
001 1000
< 0060
2 Smrter
+T 12v +T 10V
Live Dead .
battery battery
Fig. 4

5. A conducting rod of length ¢=35.0cm is free to slide on two parallel
conducting bars as shown in Fig.5. Two resistors R, = 2.00 { and R;=
5.00€) are connected across the ends of the bars to form a Joop. A
constant magnetic field B = 2.50 T is directed perpendicular into the page.
An external agent pulls the rod to the left with a constant speed of v = 8.00
m/s. Find
(a) the currents in both resistors
(b) the total power delivered to the resistance of the circuit
(¢) the magnitude of the applied force that is needed to move the rod

with this constant velocity '

x X X
X X X

2000

v

X X X X X X

5.00 L2

X X X X X X%
X X X X X X
X X X X ® X
X X X x X X
X X X X X %

X X X
X X X

Fig. 5
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(3%) 1. 100 ml of a NaOH solution are titrated to the endpoint (using phenolphthalein as
indicator ) with 10.0 mi of a 1M solution of sulfuric acid. What is the molarity of the

NaOH solution 7
(A) 1.OM (B) 5.0¢10" M- (C) 2.0x10"'M (D) 1.0x10" M

(3%) 2. Zn’*+2¢—Zn E' = -076V
crt+3e—>Cr  E'= 074V
The anode in this cell is
(A) Zn (B) Zn** (C) Cr (D) Cr™

(3% ) 3. The buret on the right reads * —
(A) 11.45ml g
(B) 10.50m!
() 105mi
(D) 10.4 ml ;
(3% ) 4. 107 meter is
(A) lmm (B) lym (C)1nm (D) lpm

(3% ) 5. H,CO;==H" + HCOy
The equivalent weight of HzCOs in dissociation reaction as shown above i3
(A)30 (B)31 (C)61 (D)o62

(3% ) 6. The figure below is the titration curve of a diprotic acid HzA with dissociation constants
of Ka, =1.00x10? and Ka,=1.00x 10”7 What is (are) the major component(s} at

point C 7
(A) HyAand HA 1200
(B) HA'and A*
(C) KA 1omr
(D) HA soo}
& 'a.m I
(3% ) 7. The standard deviation is a measure of €
(A) precision at0p
(B) accuracy -
(C) bothofabove
(D) none of above 00 : . . .
00 10.0 00 300 0.0 30.0

Yolume 0.100 M NsOH, mL
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(3% ) 8 The K, of HCN is 6.2x1¢710. What is the equilibrium constant Ky for the following
reaction 7
CN' + H0 == HCN + OH
(A) 16x10° (B) 62x10% () 6.2x10"K, (D) 6.2%10/K,,

(3% )9. The PK; of formic acid is 3.75. What is the pH of a solution that is 0,100 M in formic acid
and 1.00 M in sodium formate 9 )
(A) 13.75 (B) 475 (C) 3.75 (D) 2.75

(3% ) 10. The pOH of 2 0.0001 M HCI solution is
(A)4 (B)7 (C)10 (D) 14

(5% ) 11. How many grams of Ba(iOy), (487 g/ mole ) can be dissolved in 500 ml of water at
25C ? (Kpof Ba(lOs),is 1.372x10%)

(5% ) 12. Why are jodine solutions prepared by dissolving I, in concentrated KI ?
(15% ) 13. Name three types of systematic errors and briefly explain each of them .

(10% ) 14. (a) Calculate the thermodynamic potential of the following cell
© Cocu® (0.01 M)} Ag* (0.01 M)|ag
(b) Calculate the equilibrium constant of the redox equation involved in the cell
above, .
(Ag" + ¢ Ag E' = 0799V,
Cu'+2¢ > Cu E° = 0337V )

(15% ) 15. Describe or define the following terms in potentiometric analysis.
(a) reference electrode
(b) indicator electrode
(c )’ liquid-junction potential

(10% } 16. According to Beer’s law, absorbance is linearly related to the concentration of the
absorbing species and the path length of the radiation in the absorbing medium.
 Identify factors that cause the Beer’s law relationship to depart from linearity.

(10% ) 17. Show the basic structure and describe the principle of flame atomic absorption .
specirometer, :
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1. Explain the following terms (4% each)
(a) Aldol condensation
{(b) Claisen condensation
{c) Reformastsky reaction
(d) Wittig reaction
(e) Electrophilic aromatic substitution
(f) Recemic modification

2. Write structures for compounds that belong in the following classes (2% each)
(a) B,y-Unsaturated-8- lactone
(b) Cyclic unsaturated anhydride
(c) Oxime of an aromatic letone
(d} y-Diketone
(e) Semicarbazome

3. Compare the stability of each of the following pairs of organic ions (2% each)

(a)
CeHsCH=CHCHj’ CH,CH=CH-CH,*
) _ N
Iy 00
| N
CH, CH, 4H3
(c)
’ /—\\—E‘:H2 Z/ B \5
£7
. H
@

T R

R-C-fiH R-C-B°

4. When the cis and frans 3,3-dimethyl-2-bromo-cyclohexanols are treated with strong
bases, they each yield a single product. The products are isomeric, halogen free, and
only the one from the cis-bromo alcohol shows an IR band at 1710 cm’’. Neither
product shows an IR band around 3350 cm™ like the starting materials. Explain. (5%)
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5. Write mechanism for each of the following reactions (5% each)

(a) |

Trace of CN i N
ce of CN- .

2 CH,CCN = CHy- -0-(,]2-(:[—!3
CN
(b

Naocsz CHs’ﬁHCH(COOCZHQZ
CHyCH=CHCOOCH; + CH,CH(COOCHs), ———— . CH,CHCOOC,Hs

6. A derivative of the steroid, cholic acid, found in human gallstone, is shown below:

COOH
3

CH

HO' A OH

(a) Draw the molecule in its most stable conformation. Does it have more than one?
(3%) |

(b) Are the epimers at the carbon bearing ~OH more or less stable? (3%)

(c) How many stereoisomers are possible if the asymmetric carbon configurations
are not specified as they are in this representation? (3%)

¢

7. Papaverine, one of the alkaloid in Opium, has the formula C2HypNO,. Hot
permanganate oxidation yielded the following three acids, as proved by synthsis.

What is the structure of papaverine? (Note: Acid A is not the source of acid B under
these condition). (5%)

COOH

CH,0 OOCH CH,0 COOH :
X COOH
. CH.O COOCH CH,0
3 A B N “COOH

c
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8. Account for the following observation, {4%)
(©§CH3 A CH,
H3 H3 CH3
CH, ,

9. If we measure the mass spectrum or infrared spectrum of an unknown compound and
find it to be identical with the spectrum of a previously reported compound of known
structure, then we can conclude that the two compounds are identical. Why? (4 %)

10. Where an infrared spectrum shows many sharp peaks, a typical ultraviolet spectrum
shows a few broad bumps. Why? (4 %)

11 In 2 'H NMR spectrum,
(a) The number of peaks (N) into which a proton si gnal is split equals one more than
the number of vincinal protons (n):
N=n+1 N=2(one vincinal H) = doublet (4,11
N =3 (two vincinal H) = triplet  ( 4}, , L:2:1)
Explain this by the spin states (Tord)of néighboring protons. (5%)
(%) What is coupling constant? Explain the mechanism of proton-proton

{¢) Compare the values of the following coupling constants (/. in Hz} by
overlap. (5%)

coﬁpling. (5%)
orbital

e R

, ] Jp=10-12Hz g, =7-8Hz
Jp=11-14Hz ~ Jas=4-5Hz

p






