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1). Which levet of ecology considers energy flow and chemical cycling? (A) community (B)
ecosystem  (C ) organism (D) population.

2). Upwelling in the ocean (A) are locations of reef communities. (B) occur over deep-sea
hydrothermal vents, (C)are responsible for ocean currents. (D) bring nutrient-rich water to the
surface.

3). When one species was removed from a tidepool. The species richness became significantly reduced.
The removed species was probably (A) a strong competitor. (B) a potent parasite. (C)}a
resource partitioner. (D) a keystone predator.

4). Phytoplankton are the basis of the food chainin (A) wetlands. (B) the oceanic pelagic biome.
(C) rocky intertidal zones. (D) deep-sea thermal vents.

" 5). Where are “red tide” most likely to occur? (A)headwaters of a stream  (B) downstream area ofa
river - (C )open ocean (D) intertidal zone of an ocean.

6). The species richness of a community refers to  (A) the relative numbers of individuals in each
species. (B) the number of different species found in a community. (C) the feeding
relationships or tropic structure within the community. (D) the ability to persist through
disturbances. ' ' :

7). In a mark-recapture study of a sea bream population, 400 fish were captured, marked, and released.
In a second capture, 100 fish were captured; 2 of these were marked. What is the estimated number
of individuals in the sea bream populations? (A) 800  (B)2000  (C }20000 (D)40000

9).The concept of trophic structure of a community emphasizes the (A) prevalent form of vegetation.
(B) effects of coevolution. (C) feeding relationships within 2 community. (D) species richness
of the commumity.

10). Which of these ecosystem has the lowest primary productivity per square meter? (A)a salt
marsh  (B)anopenocean (C)acoralreef (D)a grassland
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2. JBERE (20%)

1). Identify the types of survivorship curves shown below and give examples of groups that exhibit each curve.

(10%)

1000 4

Number of survivors (log scale)

Relative age

Y
I

2). Fecundity, mortality, age at first reproduction, clutch size, and parental investment are usually interrelated.

On the following graphs, sketch the refationship you would predict between the two variables. {10%%)

Age at first reproduction

a. Adult survival

Annual fecundity

¢. Annual % survival

3. FEE 50%)

1). Please give a concise comparison of energy flow in “pelagic ecosystem™ and “hydrothermal vent” ?

Size of eggs or offspring

e e ———ars

=

Parental care

i

Clutch size

2). How the “global warming” happen ? What we can do to prevent it getting worse ?

3). What is the “Ladder of migration” ? How important is it to the marine ecosystem?

4). Please give the definition and examples to r-selected and K-selected species 7

5). Around the Taiwanese coastal area how many types of marine ecological environment can be found ?
Please describe the major species composition in each environment ?

Clutch size - -
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; ) Machine ()

= Head (H) A B C D E
1 6 10 0 Y 1
2 9 0 0 4

0 7 5 6 7

8 12 5 4 9

2 13 2 10 5 6
3 1 11 10 7

9 1 6 8 0

8 10 7 3 3

3 1 4 8 1 3
10 1 5 8 0

0 7 0 9 2

6 9 7 4 2

4 7 0 7 0 . 3
4 3 2 8 7

7 4 5 6 4

9 1 4 5 0

.Sourcc df - SS MS EMS F F0'9:
M, 4 4508 11,27 o2 + 164, 1,05 2.04
H, 3 4625 1548 o2 + 204, 145 218
MH,, 1223642 1970 02 + 4gy, 184 1.66

Gk(u) 60 642.00 10.70

Totals 79 969.95

B C D E

Machine (M) 4
Head (H) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516 17 18 19 20
613 1 7 102 4 0 010 8 7 11t 510 1 6 3 3
2 3104 9113 011 52 010 8 8 4 7 07
6 907 717 4 5605 6896 702 4
8 8 6 9 1210 9 1 577 4 4 3 45 9 3 20
Head
totals 16 33 1727 38 1421 8 10342018 21262219 21 16 7 14
Machine .
totals 93 81 82 88 58
Source - df SS MS EMS rF Fy.90
M, 4 4508 1127 o2 + 403 + 164, . <1 2.36
Hyqy - 15 282.87 18.85 o + 497 176 1.60.
Gk(u) 60 642.00 10.70 U‘z :

Totals

969.95
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1. (16%)

2. (6%)

3. (6%)

4. (10%)

Sketch the following curves for an enzyme obeymg
Michaelis-Menten kinetics. Explain each of these curves

briefly.

(M V vs. [5}
(2 V vs. [E]
@V vs. pH

@) V vs. Temperature

( Label the axes clearly. V: reaction rate , [S] : concentration
of substrate, [E]: concentration of enzyme. )

The chemiosmotic hypothesis proposed by Peter Mitchell
explains how the redox energy of electron transport is
delivered to ATP synthetase in mitochondria. Describe the
principle of this hypothesis. ( A figure is better than a
thousand words. )

Hormones can be divided into three classes base on their-
chemical structure. Describe these basic structures and give
one example ( name of hormone ) to each of them.

Canbon dioxide is an indispensable participant in the
biosynthesis of fatty acids. What is the specific role of CO, ?
If a soluble liver fraction is incubated with “CQ, and other
components required in fatty acid biosynthesis, does the
resulting palmitate (CisH; COO’) contain “C ? Explain.

5.(10%) What are ketone bodies ? Describe the formation pathway of

6. (12%)

ketone bodies. What is the purpose of ketone - body
formation ?

Most plants in the tropics fix CO, by a route called the Hatch
- Slack or C, pathway. Illustrate how this C, pathway
functions in CO, fixation. What is the advantage of the Cs
pathway in comparison with the C; pathway in CO, fixation ?
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7.(10%) In the past, bacterial classification is mainly based on
morphology, physiology and biochemical tests. Many
symbiotic bacteria can not be cultivated, therefore, they can
not be classified accordingly. How do you suggest it should
be done.

8.(10%) The principle of DNA replication has been applied to many
" areas, such as : DNA sequencing and polymerase chain

reaction. What ingredients are needed for the event ?

9.(10%) What are alleles ? How fnany alleles can a particular gene
have ( please indicate your reasoning } ?

10. (10%) What are Southern bolt, Northern bolt and Western bolt ?
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1. According to the projectile motion, the launching speed of a certain projectile is five times the speed it has at its
maximum height. Calculate the elevation angle at launching. {10%]

2. Figure 2 shows a pendulum of length L. Its bob (which effectively has all the mass) has speed vy when the

cord makes an angle 6, with the vertical. (a) Derive an expression for the speed of the bob when itis in its
lowest position. What is the least value that vg can have if the pendulum is to swing down and thenup (b} toa
horizontal position, and (c) to a vertical position with the cord remaining straight? [20%)]

Fig_ 2

L)

3. A siphon is a device for removing liquid from a container. It operates as shown in Fig. 3. Tube ABC must
initially be filled, but once this has been done, tiquid will flow through the tube until the liquid surface in the

container is leveled with the tube opening at A. The liquid has density p and negligible viscosity. (a) With

what speed does the liquid emerge from the tubeat C ? (b) What is the pressure in the liquid at the topmost
point B? (c) Theoretically, what is the greatest possible height », that a siphon can lift water ? [20%]

Fig. 3

Liquid

m

2

ij
b
Y
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4. A quantity of ideal monatomic gas consists of n moles initially at temperature 7;. The pressure and volume are

then slowly doubled in such a manaer as to trace out a straight line on a p-V diagram, According to the kinetic

theory of gases, in terms of n, R, and T, what are (@) W, (b) AEin;, and (c) @ 7 (d) If one were to define a
molar specific heat for this process, what would be its value 7 [20%]

. A charge +g placed a distance a from an infinite conducting plane induces negative charge on the plane witha

surface charge density o = -qa/(2nr 3), where r is the distance from the charge +q to a point P on the plane (Fig.
5). What are (a) the magnitude E of the electric field normal to the plane due to this induced charge and (b) the
total negative charge induced on the plane? (c) What is the electrostatic force between charge +g and the
induced charge on the conducting plane? Is the force attractive or repulsive? (d) What charge, placed
diametrically opposite charge +g (on the other side of the plane, at the same distance from the plane) will give
this same force? [20%] .

Fig. 5

6. A single loop consists of several inductors (Ly, Ly, .-..), several capacitors (Cy, Gy, «r)y and several

resistors (R;, Ry, ....) connected in series as shown, for example, in Fig. 64. Show that regardless of the
sequence of these circuit elements in the loop, the behavior of this circuit is identical to that of the simple LC
circuit shown in Fig. 6b. [10%]

(a)
L C R
Fig. 6 (b)
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Table 2.1
SPECIFIC WEIGHT OF SOME COMMDN FLUIDS

Specific weight pg at 68°F = 20°C

. Fluid Ibi/ft? N/m* |
Air (at 1 atm} 0.0752 11.8
Ethyl alcohol 49.2 1,733
SAE 30 oil 573 8,996
Water : 624 9,750
Seawater 64.0 10,050
Glycerin - ! 8.7 12,360
Carbon tetrachloride 99.1 15,570
Mercury 846 133,100

(1) Aﬁﬂ&—ﬂwﬁ«: deamelen,

20L(4) mc&mfressflv/e,\( %% JE #3° s ?])

:(b) bownﬂ(ﬂﬂa 1”'31/‘ Cﬂ-% /%)
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ANSWER all OF THE FOLLOWING QUESTIONS, EACH OF WHICH CARRIES 10 OUT OF
100 POINTS.

/f&% b1 NS 3&3?\- B a, b, c 2 fA

1. Use,the following information to find the values of a, b and ¢ in the formula

f(z) = (z+a)/(bz® + cz + 2}.

a b cite AR oKL

¢ The values of ¢, b and ¢ are either 0 or 1.

(i D&HB T L.

e The graph of f passes through the point (~—1,0).

AE g A $abaa gR

e The line ¥ = 1 is an asymptote of the graph f.

AENT A A ARSI E

2. Find the length of the polar curve

r=+1+cos28, 0595#\/2-.

| . - ») d
w32 £ WAk LAT S LT A rbuhderg
3. (a) Prove that if u is a differentiable vector function of t of constant length then

Wt LB A e A - % b8 wore A1 st g B

u is always perpendicular to its derivative du/dt.

g AT ERBSALBL-0L L ELCBDFT,

(b) Find the unit tangent vector T, the unit normal vector N, the binormal vector

B HOEN =R @3 8. D HxRAFT.

B, the curvature «, and the torsion T of the space curve
4 4 1
r(t)= {1+ )42 4 5= 12175+ Stk

att=0.
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4. Find all possible local maximum, local minimum and saddle points of the function

A 5w

and evaluate the va,lues of f at these points. Also, sketch the graph of f.

R T AL 2 g

5. Determine whether the improper integral

f(z) =z -3z — 4,

“ i st A, % 40E S E] R,

1
/ Inzdz.
o

T AR A 3K AL, 5 WO BRIL, K 4% Ak

converges or diverges, and evaluate it if it converges.

izl sk B i _FnAd A enrt,

6. Show that the surface area of a sphere with radius r is 4772,

% A BN, ai @ B4 A4 TT, 4 B

7. Conmder the sequence {aa} defined recursively by a1

nii,

& 9 fas o _fie A 3t B £ 4% Fe

n > 2, Show that {a,} converges and evaluate the limit.

(ay 2 & Ci? fk Z, L A h ﬁ\é\

8. (a) Show that ) 1° tan(1/n) diverges.

G 52 A SR (WG B

b) Show that ¥ :°(tan{1/n))? converges.
( ) 1 &

o B 24 B kil (5 4h, 2T (e )T R LT

(c) For which values of k does 2-1 (tan(1/n))* converge? Prove your result,.

"
=

/:‘}7\_

B4yt

V2, a, = v/ 2an_1, for each

5«?*4‘1/(5‘:*"-\
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- 9. Approxnmate the mtegra.l o
5
/0.1 Sllm'.lﬂ) s |
i A0 R N B e :
upto 3 decimal digits.
2] Rae 2172 R S AL L E S h A
10, Prove the Rolle’s Lemma: Let f be'a continuous real-valued function defined on .
A FheoEga. TdofooNAL et Lac o
[a,b] and differentible on (e,b). If f(a) = f(b) = 0 then there is a point ¢ in {a, b)
] '
such that i
flg=10-1a_, T
B3 A 2 R 2 R e 85 ]
You are NOT allowed to use the mean value theorem in this question. 416
End of Paper .
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N 1. Complete the following reactions. (40%)

5L CHO . 0
a l + [ KOH/EOH _ o
’ CH,CCH; :

B ) COzH
§ Na/NHj; -
- b. -7
ethanol
10 COOE
= o . f
c. Do + Hl Lewis aCldg_‘ ?
= |
B COOEt
i CHO
§ d. @FT 1 I mect _ 2.KOH/EOH _ »
N THF 50°C )
H
150 L
e. CH,SH + CH,==CHCHO -7
r fi
f, (EtO),PCH,COOEt — ig*Hi)THF ?
o >=0 1. NaC=CH _ 3..conc.HC147_ 9
20f. 2. H,0

0

B h. + ¢l AlCh 2
CS,
Br '
' i ] 1.nBuli ___3H _ o
250 2.CO, )
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8 fﬁ}'&/ﬂﬂ% L’f’@ﬂ% Vﬁ % 4E.) % UK $7F
CH3 |
- NHp
J- 1.NaNO, M5O, 2CuBr ]
T 0°C
CHa | |

2. lllustrate the mechanisms for the following ]

transformations. (42%)

o o
o
&
O :
+
=
m
@] =
=
+
"m‘- .
& /_\
" ; % o
¥
0 O
\...o
[a
Q
¥
4
=
¥
J 1 1

COCHg o) COCH;
C. -
CsHs\.I :[

O O

. O.Q 1K9H,CZH50H' _

ofjl . oH . . ]
e. @ ©0H20H20H2
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: (CH,),80 T
f. OZNO— CHyOH + QN:C:N -
H* -
H
N
/
i OZN—@ CHO +0=C . i
WO
N
H

3. Determine the structures which would be consistent with the a
following spectra. (18%)
a. . CyoH 20, -
MICRONS
. . { . ? '10 . .lll -l.2 13 1_4_1 15 1..3 19
B HERL A SeE VN
e A 4 “t.
ALl : ? vl _ i
k § ERT R ] I 1 q N
i i 1 E
1 \]
HE | |
: .
1890 1600 1400 !:200 :000 s ; B8O * 600 400
WAVENU}_:IBERS(CM-‘) .
o
|
X
= A & M,
o ) 8 7 3 5 ] 3 ) 1 o 7
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b.
TH NMR Doublet “
300 MHz
C7H1400 ; Triplet
|
Quartet
Doublet =
i
} #1 Muitiplet ‘ '
o ] 7 s 5 ) 3 7 - "
C.
H -
JTHNMR
300 MHz : gt
C7H1402
Triplat
Quartet | | i
3
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1. (12%) Comment on the following cleaning procedures. If you think the procedure is bad,

state your reason why it is bad and correct it.

(a) (3%) Soak glass beakers in KOH/EtOH solutions and rinse them thoroughly with
deionized water right before use.

(b) (3%) Soak volumetric flasks in KOH/EtOH solutions and rinse them thoroughiy with
deionized water.

(c) (3%) Soak volumetric flasks in cold detergent and rinse them thoroughly with deionized
water right before use.

(d) (3%) Dry the clean but wet volumetric flask in a 100 °C oven.

2. (12%) Write each answer with correct significant figures. Find the absolute uncertainty

and percent relative uncertainty for each angwer.
(a) (6%) (3.24+ 0.08)"
(b) (6%) (3.24 £ 0.08)* x(3.24 & 0.08)*

type of calculation  example standard deviation of v
addition or subfraction  y= a+b-c ‘\/.S‘ + sb
S _ '5' b A
multiplication of division y= axblc - -2 == -
y a b c
5 5,
exponentiation . y=a* Lo=xle
¥y a
logarithm y=log,a 8y = 0.43432
[43
. . 4 S}‘
antilogarithm y = antilog,a = =2.303s,
y

3. (21%) Calculate the solubility of Fe(OH); (Kgy=4 x 10°%) in water. Approach this

question by the following steps:
Step 1. (3%) Write the relevant chemical equation.
Step 2. (2%) Define unknown. (solubility = ... ... )
Step 3. (1%) Equilibrium-constant expressions.
Step 4. (3%) Write mass-balance equation.
Step 5. (3%) Write charge-balance equation.
Step 6. (3%) Approximations.
Step 7. (4%) Solve equations.
Step 8. (2%) Check assumptions.

4. (5%) Which of the following bases would be most suitable for preparing a buﬁer of pH =

9.00? Youneed to provide your reason.

Ammonia (Ky = 1.75 x 107%), aniline (Kp = 3.99 x 107%), hydrazine (Ky = 3. 0 x 10° , of
pyridine (Kp = 1.69 x 109,
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5. (10%}) Histidine is a triprotic amino acid:

HLF-CH;[ _ﬁ—z—x-h___}_‘l_,.. H? CHQ—[ ; '

NH,"
K;=9.5x1¢"
0 - -
702 _[ NH  go-gaxie® (02 NH
H(f“CHz . ) —_— H$-CH2 )
NH; NH; N

What is the value of the equilibrium constant for the reaction?

HC—CH:-(‘ ) +HO === HCl CHZ—[ S + o

NH;"

6. (15%) Use the data in the following table and Beer's Law to evaluate the missing quantities.
(The molecular weight of the analyte is 250.)

A % T & b c c
absorbance | transmittance | molar absorptivity| (cm) ™) (ppm)
(&) 455 ®) 210 [8.15x10%] (o)

7. (10%) An unknown sample of Fe(SCN)** gave UV/Vis absorbance of 2.36 (arbitrary unit).
When 0.500 mL of solution containing 0.0287 M Fe(SCN)* was added to 25.0 mL
of unknown, the absorbance increased to 3.79.
(a) (3%) Is this a standard addition method or an internal standard method? (Two points
deduction if the answer is incorrect.) .

(b) (7%) Find [Fe(SCN)*'] in the unknown.

8. (15%) The figure shown in the right is. van Deemier

curves for GLC of n-Cy7Hsg at 175°C, using N,
He, or H: in a 0.25-mm-diameter x 25-m long
wall-coated column. Given: solufes diffuse
more rapidly through H; and He than through
Na.

(a) (10%) Which of the three curve is the van Deemter curve for Na?  Why?

(b) (5%) Which curve (gas) will you use if you want to run the GLC at a faster flow rate?

(Ge.curve 1,2, 0r3) Why?

Plate height {mm)
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