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1) Which of these provides evidence of the common ancestry of all life?
A) the universality of the genetic code
B) the ubiquitous use of catalysts by living systems
C) the structure of cilia
D) the structure of chloroplasts
E) the structure of the nucleus

2) Which of the following is not one of the-four major groups of macromolecules found in living
organisms? B
A) proteins
B) glucose
C) lipids
D) nucleic acids
E) carbohydrates

3) What limits the resolving power of a light microscope?
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

4) An enzyme that attaches a phosphate group to another molecule is called a
A) phosphorylase. ' C
B) kinase.
Q) cyclase.
D) ATPase.
' E) phosphatase.

5) What is one of the ways that the membranes of winter wheat are able to remain fluid when it s
extremely cold?
A) by increasing the percentage of cholesterol molecules in the membrane
" B) by decreasing the number of hydrophobic proteins in the membrane
C) by increasing the percentage of unsaturated phospholipids in the membrane
D) A and B only
E)A,B,and C

6) Approximately what proportion of the DNA in the human genome codes for proteins or functional
RNA? ' ’
A) 83% B) 46% C) 13% D) 2% E) 32%
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7) Which of the following compounds require the presence of the nuclear pores to move between the
cytoplasm and the interior of the nucleus?

A) messenger RNA

B) proteins synthesized in the cytoplasm that are part of ribosomes
C) ribosomal RNA

D) A and B only

E)A,B,and C

8) Organelles other than the nucleus that contain DNA include
A) ribosomes.
B) chloroplasts.
C) mitochondria.
D) B and Conly
E)A,B,and C

9) What is a genome? ,
A) the complete complement of an organism's genes
B) an ordered display of chromosomes arranged from largest to smallest
C) a specific segment of DNA that is found within a prokaryotic chromosome
D) a specific sequence of polypeptides within each cell
E) a specialized polymer of four different kinds of monomers

10) You are working on a team that is designing a néw drug. In order for this drug to work, it must
enter the cytoplasm of specific target cells. Which of the following would not be a factor that
determines whether the molecule enters the cell?

‘A) size of the drug molecule

B) charge on the drug molecule

C) polarity of the drug molecule

D) similarity of the drug molecule to other molecules transported by the target cells
E) lipid composition of the target cells' plasma membrane

11) Where does glycolysis takes place?
A) mitochondrial inner membrane
B) cytosol
C) mitochondrial outer membrane
D) mitochondrial matrix
E) mitochondrial intermembrane space

12) Viruses with single-stranded RINA that acts as a template for DNA synthesis are known as
A) bacteriophages.
B) retroviruses.
C) lytic phages.
D) proviruses.
E) viroids.
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13) What is the term for metabolic pathways that release stored energy by breaking down complex
molecules?

- A) catabolic pathways
B) anabolic pathways
C) fermentation pathways
D) bioenergetic pathways
E) thermodynamic pathways

14) Carrier molecules in the membrane and.metébolic energy are required'for
A) active transport. 4 ' '
-B) facilitated diffusion.
C) osmosis.
D) Band Conly
BE)A,B,andC

15) In yeast (Saccharomyces cerevisiae), the two sexes are called
A)aandb. ‘ '
B)bandB.

C) male and female.
D)aanda.
E) S plus and S minus.

16) What is a chromatid?
A) a chromosome in G1 of the cell cycle
B) another name for the chromosomes found in genetics
C) a special region that holds two centromeres together
D) a replicated chromosome
E) a chromosome found outside the nucleus

17) How is the S phase of the cell cycle measured?
A) counting the number of cells produced per hour
B) determining the length of time during which DNA synthesis occurred in the cells
C) determining when the S chromosome is synthesized
D) stopping G1 and measuring the number of picograms of DNA per cell

E) comparing the synthesis versus the breakdown of S protein

18) How does the sexual life cycle increase the genetic variation in a species?
A) by allowing random fértilization
B) by allowing independent assortment of chromosomes
C) by allowing crossing over
D) A and B only
" E)A,B,andC
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19) What does a frequency of recombination of 50% indicate?
A) Abr}ormal meiosis has occurred.
B) The two genes likely are located on different chromosomes.
C) Independent assortment is hindered. '
D) All of the offspring have combinations of traits that match one of the two parents.

E) The genes are located on sex chromosomes.

20) What are pnons?
A) viral DNA that has had to attach itself to the host genome
B) a mobile segment of DNA
C) tiny molecules of RNA that infect plants
D) misfolded versions of normal brain protein

E) viruses that invade bacteria

21) Under the electron microscope, unfolded chromatin resembles "beads on a string." What do the
"beads" represent?

A) ribosomes

B) molecules of DNA polymerase
C) molecules of RNA polymerase
D) nucleosomes

E) beadosomes

22) Two potential dev1ces that eukaryotic cells use to regulate transcription are DNA and
histone .

~ A) acetylation; methylation
B) amplification; acetylation
C) amplification; methylation
D) methylation; acetylation

" E) methylation; amplification

23) RFLP analysis can be used to distinguish between alleles based on differences in
A) the amount of DNA amplified from the alleles during PCR.
B) restriction enzyme recognition sités between the alleles.
C) the ability of the alleles to be replicated in bacterial cells.
D) the proteins expressed from the alleles.
E) the ability of nucleic acid probes to hybridize to the alleles

24) The first genetic material was most likely a(n)
A) DNA oligonucleotide = B) DNA polymer C) protein enzyme
. D) protein . E) RNA polymer

25) Corals are most closely related to which group?
A) barnacles B) jellies C)seaanemones D) sponges E) freshwater hydras
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1. #BEM (resting memlbranevpotential )e (10 %)
2. BEEMR (action potential)- (10 %) |
3. Excitatory postsynaptic potential. - (5 %)
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1. There are several enzymes involved in cholesterol biosynthetic
pathway. Please draw the cholesterol structure (2%). Which of these is
subject to feedback regulation (3%)? How does this enzyme regulate
cholesterol levels? (5%) |

2. Separation of most blood cells is difficult, if not impossible, to achieve
because they have similar properties and/or densities. What procedure
is used to separate T-cells of the immune system from the many other
different types of white blood cells or spleen cells? What feature of
the T-cell facilitates the isolation protocol ? (10%)

3. Describe the function of the malate—aspartate shuttle in our body?
(5%)

4. Describe the equilibrium constant Keq, Michaelis constant Km and
dissociation constant Kd (9%)

5. Describe the allosteric effect of hemoglobin in capillaries of active
muscles and alveoli of lungs (6%) ‘

6. Some drugs are mixtures of the stereoisomers in. which only one
stereoisomer has the biological activity of interest. The use of pure
single stereoisomer of the chemical in place of mixture can result in a

more potent drug with reduced side effects. For ‘example, one
stereoisomer of ketamine is an anesthetic, whereas the other causes
hallucinations. Darvon is a pain killer, whereas its stereoisomer
Novard, is a cough suppressant. Please describe the possible
mechanisms of stereoisomer in body. (5%)

7. Describe the differences between glycoprotem and proteoglycans
(10%)

8. What is the basis for separatlon of proteins by two- d1men31ona1 gel
electrophoresis? (3%) Why is this better for resolving a mixture of
proteins? (3%) How to identify the protein in 2-D gel ? (4%)

9. What is Western blotting ? How can this technique be used to detect

proteins ? (5%)

10.What is EMSA (Electrophoretic Mobility Shift Assays) ? It’s

application (5%)

11.What is real-time PCR? How can this technique be used to detect
mRNA? (5%)

12. %é}& ¥ ¢ About 1-2 percent of the oxygen metabolized by aerobic
organisms, rather than being converted to water, is partially reduced to
the superoxide anion radical (O;). Superoxide is unstable in aqueous
biological liquids, breaking down into especially toxic hydrogen
peroxide (H,0O,) and then hydroxyl radicals. These and other reactive
oxygen spices (ROS), which contribute to what is often called cellular
oxidative stress, can be highly toxic, because they chemically modify
proteins, DNA, and unsaturated fatty acyl groups in membrane lipids,
thus interfering with normal function. Indeed, ROS are purposefully
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generated by body defence cells (e.g., macrophages) to kill pathogens.
In humans, excessive or inappropriate generation of ROS has been
implicated in many diverse diseases, alcohol-induced liver disease,
diabetes, and aging. Although ROS can be generated by a number of
metabolic pathways, the major source of ROS appears to be the
electron transport chain, in particular mechanisms coupled to
complexes I and III. The semiquinone form of ubiquinone, CoQ", an
intermediate form of CoQ generated in the Q cycle, may play a
particularly important role in superoxide generation. To help protect
against ROS toxicity, mitochondria have evolved several defense
mechanisms, including the use of enzymes that inactivate superoxide
first by converting it in to H,O, and then to H,0,. Cardiac mitochondria
also have catalase (normally only found in peroxisomes) to help
breakdown H,0,. This is not surprising, because the most
OXygen-consuming organ in mammals is the heart. In addition, the
small molecule antioxidants a-lipoic acid and vitamin E help protect
the mitochondrion from ROS. (20 %)
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1. Ecosystem 5. Succession
2. Pollution ‘ 6. Opportunistic species
3. Umbrella species 7. Life history

4. Infauna 8. Littoral Zone
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41,32, 54

()R ML R R R ks T8~ T RBE - 2B (range)
g 2 44k (coefficient of variation) (10 %°) ¢

(DR E RS TR ISUNHERER G 2)

SR ESBREATENE, 1152, 0=8A, ZRAEN 8| A
B ERBITANHRERT? (57)

= GHEREALENS, EAREEMM K £=158.5 m> 0=8.5 mn; Xk
A 1008 4048, BAH Mk A T3 x 6 PA - |
(—)p; =2 o =7(4%")

(=)P(x>162 mm)=7(6%")

W EERESERERESERLENRELT:
Hig— HEE—

TELER 6 2
#K3E R 3 5

(—)F Fisher’s exact #8 & HH M HAA T ELHRFAA? A0 %)
(=) 45— H 54— WK ¥ £555 & s J pb(odds ratio) (5 )
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n,=9,x1=11.0 ppm, s2=4.0,

n,= 7,%2=9.0 ppm, s3=3.0,

B R AR RN B RARALEIESR

()RS EHATHE?(10 )
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2o~ AFFE 20 & A JEEE R By  E (fat free mass)¥  BHREEENHEE

Y(ﬁ’fi:i)?ﬁz'-}i\% %’%}Ej‘/]\ X ?ﬁ'fiﬁﬂ '{?ﬁé{J\éjﬁ,‘é"i'ﬁ‘kﬂ-F:
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b, 1 5.51 4.10
b, a -2.02 3.37
r2=037

(=) bhig B R, B AT Ve TR Y (B )
(=)adEa=70%)

(EmmEE TR RE N REEHNAR? 6 D)
(m)r?=037 KAEE? G 2)
(R)RKmBMAE 6 2)
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Percentage points of the ¢ distribution
r 5
Percentage points of the F distribution
df a=.10 2=.05 2=.25 a=.010 a=.005
1 3.078  6.314 12706 31821  63.657
2 1.886  2.920 4303 6965  9.925
3 1.638  2.353 3.182 4541  5.841
4 1.533  2.132 2776 3747  4.604 0 3
N a
5 1.476  2.015 2571  3.365  4.032
‘ 6 ' 1.440 1.943 2,447 3.143 3.707 Degrees of freedom (a=.05)
: 7 1.415  1.895 2365 2998  3.499 iy
8 1.397  1.860 2306  2.896  3.355 - df,
9 r.383  1.833 2262  2.821  3.250 . 1 2 3 4 5 6 7 8 9
df. .
10 1372 1.812 2298 2764  3.169 o
11 1.363  L79%6 2201 2718  35.106 Y1 (1614 |1995 (2157 [2246 [230.2 [2340 |[2368 [238.9 [240.5
12 1.356 1782 2179 2681  3.055 2 |18.51 | 19.00 | 19.16 | 19.25 | 19.30 | 19.33 | 15.35 | 19.37 | 19.38
13 1.350  L771 2160 2650  3.012 3 11013 | 955 | 9.28 | 912 | 9.01 [ 894 | 883 | 885 | 88I
14 1.345 1761 2145  2.62¢  2.977 ¢+ | 771 | 694 | 659 | 639 | 626 | 616 | 609 | 6.0¢4 | 6.00
15 1.341 1753 2131 2602  2.947 | 1
. . 5 6.61 | 579 | 541 | 519 | 5.05 | 495 | 488 | 482 | 477
16 1.337  1.746 2120 2583  2.921 6 | 599 | 5.4 | 476 ) 453 | 439 | 428 | 421 | 415 | 410
17 1.333 1740 2110 2567  2.898 7 | 559 | 474 435 | 412 | 397 | 387 | 379 | 3.73 | 3.68
- 18 1.330 1734 2101  2.552  2.878 8 | 532 | 446 | 407 | 3.84 | 3.69 | 358 | 3.50 | 3.4¢ | 3.39
19 1.328 1729 2093 2539  2.86l 9 | 512 | 426 | 386 | 3.63 | 348 | 3.37 | 329 | 323 | 3.8
. 5 2.528  2.845 .
20 1825 1725 208 10 | 49 | 10| 371 | 248 | 333 | 322 | 34 | 307 | 3.2
1 484 | 398 | 359 | 336 | 320 300 ] 301 ] 295 | 290,
;l igg? :;fé %‘832 %‘gég g'gg 12 | 475 | 389 | 3.49 | 325 | 311 | 3.00 | 291 | 2.85 | 2.80
zg Iste 1714 2068 2500 2807 is 467 | 381 | 341 | 318 303 | 292 | 283 | 277 | 2.7
2¢ 1318 L711 2064 2492 2797 460 | 374 | 334 | 311 | 296 | 285 | 276 | 270 | 2.65
25 1316 1708 2060 2485  2.787 15 | 456 | 368 | 320 | 306 | 290 | 279 | 271 | 264 | 2.59
g 16 | 449 | 3.63 | 324 | 301 | 2.85 | 2.74 | 2.66 | 2.59 [ 2.5¢
26 1.315 1.706 2056 2479 2779 17 | 445 | 359 | 320 296 | 281 | 270 | 261 | 2.55 | 249
27 1.314 1703 2052 2473 2771 18 | 441 | 355 [.3.16°] 293 | 2.77 | 2.66 | 258 | 2.51 { 2.46
28 1313 L1701 2048  2.467  2.763 19 | 438 352 | 313 | 290 | 274 | 2.63 | 2.5¢ | 248 | 242
29 1.311 1.699 2045 2462  2.756 R o Rt S
inf. 1.282  1.645 1.960 2326  2.576 >
Table entry for zls the
area under the .
standard normal curve
totheleftof 2.,
Standard normal probabilities (continued)
z 00 01 02 03 04 05 06 .07 .08 09
0.0 5000 5040 5080 5120 5160 5199 5239 5279 5319 5359
0.1 5398 . 5438 5478 5517 ~5557 5596 5636 5675 S714 5753
02 5793 5832 S871 5910 5948 5987 6026 6064 .6103 5141
03 6179 6217 6255 6293 6331 6368 6406 6443 6480 6517
0.4 6554 6591 6628 6664 6700 6736 LTT2 6808 6844 6879
05 6915 6950 £985 7019 7054 7088 J123 J157 7190 J224
0.6 7257 . 7291 J324 7357 7389 7422 7454 7486 J517 7549
0.7 7580 7611 J642 ~  T6T3 J704 T734 TI64 T34 7823 7852
0.8 7881 7910 7939, JT96T 7995 8023 8051 8078 8108 8133
0.9 8159 8186 8212 8238 8264 8289 8315 8340 *.8365 8389
1.0 8413 8438 8461 3485 8508 8531 8554 8577 8599 8621
11 .8643 8665 8686 8708 8729 8749 3770 3790 8810 8830
12 8849 8869 8838 8907 8925 3944 8962 8980 .8997 9015
13 9032 9049 9066 9082 9099 9115 9131 9147 9162 9177
1.4 5192 9207 9222 95236 9251 9265 9279 9292 .9306 9319
15 9332 9345 9357 9370% .0382 9394 9406 9418 9429 8441
1.6 9452 9463 . 9474 9484 9495 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633
1.8 9641 5649 9656 5664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 . 9744 9750 9756 9761 9767
20 9772 9778 9783 5788 9793 9798 9803 .9808 9812 9817
1 9821 9826 9830 9834 9838 9842 9846 9850 9854 9857
22 9861 9864 9868 9871 9875 9878 .9881 9884 9887 9890
23 9893 9896 9898 9901 9904 9906 9909 9911 5913 9916
24 9918 9920 9922 9925 9927 9929 9931 9932 9934 9936
23 9938 9940 9941 9943 9945 9945 9948 9949 9951 9952
26 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
27 9965 9966 9967 9968 9969 9970 9571 9972 9973 9974
28 9974 8975 9976 8977 9977 9978 9979 8979 9980 5981
29 9981 9982 9982 9983 0984 9984 5985 59985 9985 9986
3.0 9987 9987 9987 9988 5988 9989 9989 5989 9990 9990
3.1 9950 8951 9991 9991 9992 9992 9992 5992 9993 9993
32 2993 9993 9994 9954 9954 9994 9954 9995 9995 9995
33 9995 9995 9995 9996 9996 9996 9996 9996 9996 9597
34 9997 9997 9997 9997 9957 9997 9997 9997 9997 9998
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Kl BAR (volcanic island arcs) # i B4 A T AL BEME (A) AR ERE
(B) IRBE ARG KR Kb B R4 (C)#)i%%«/‘ﬁ%-—k%hbﬁy’tﬁmﬁr%i&
BE4 (D) RARARG-FHmRi EReaRs (B) A2KERL -
2~ @ (cleavage) RBMEZHMERE X — > RATH—EFRMARA RFGHRE
(A) ##x (B) 2% (C)#%xs (D)#®zm (E) AME -

~ & KR ME % 7| (Bowen’s reaction series) T #9384k 4 7| L4 —#%k4 P (A) BH
(B) 445 (C) 2Z# (D)#% (E) AWz -

ST —EEL L BN ERSE (foliated) #H 2% 7 (A) 4k slate
(B) F#% phyllite (C) A 2 schist (D) K #i# gneiss (B) RLEER -

5+ —RBABRAFERGR (EEEBAFER) B RN (A) 7 EEEE B

 (B) g (C) zRXegsi (D) snBBEgsf (E) AL¥%E-

6 REFMAECELEFHBNERS REFERZHEEIEREILERAETR (A) s (B) RE
(C) gk (D) i E (E) AE%3k-

T~ LB BB LENRELXELEREE M H Pl BREIFET R 945855 021368 > &
MR BBy BN EZ 2B (A) EBRE (B) #ERE (C) FBEE
(D) @2 ¥/ (E) A L%k -

8> %E/—d%ﬁkitba—’i#"%"%:ééﬁ & B4 %Eﬁiﬁﬁﬁiﬁxiwbﬁ)ﬁ.&ﬁf}ﬁ R E iéﬁé
hE(A) 7@s (B) sy (C) #z (D) A& (E) AWM= -

s FHMKLE TR B EAE? (A) A (ZREF) 2REIBRBHERE
# . (B) MEMG 2HEBSHLAE (C) a4 ESY i‘ﬁ LR
W EEREE (D) BaaX (BK) KLdzRBFARVEAR

(E) ALY -

10~ sk R B RANBHREROE (A) BF3-42R (B) HF1-22E
(C) 44 1000 X2 (D) % 1-1024% (B) HF1-5 %k -

1 EBBEHERY > MASLRTEREANTH—ABLERE  (A) RELHRL
(B) #Eu#ER (C) X B (D) i LA 2Rk R -2 (E) UALEX -

12~ 5 —#E P15 A % (glaucophane schist) & % A% B KR 3R % » UTFH— 43
ERBREAEEN (A) REEe T (B) /%%a‘ (C) RAEAR
(D) #2REBEAABEBLHEEFLE (B) RLEER
“RAKRE T CAREGEERBHFRANS D (A) @E%# (B) XxT2BEHF
'(C) &L (D) =+ A% (E) m+aigsf -

14 ~ R T —H5 5 & &I 546 Aquifer
(A) B2 (B)R#£ (C) gEE (D)##E (E) mEr%k-

15 4B PR LRBERELEEZZEN 1 (A) XKLEHEE (B) XKR&ARRE
(C) mEMk#ELE (D) &M kes (B) REINTESNEETE -

W

BN




B
f

#8 :

oy E2ERLR
B3 RBI92F EAE LR A A WA

LEMEE [BR2EALTFEREES]

,a,

I

~mELE (15% & 83 4)

1 ~ weathering ' 4 ~ glacier
2 ~ epicenter : 5~ cross bedding

3 ~ uniformitarianism

~ P (55% 0 B 1NEE1S 40 B 25 MENEL0S)

1~ bk Bk 4 SR KB~ 25 B RANBZMA MRS B (C)
HOF o BARAREDKBE GRS ZIEABREFGNE > EF@RARE
i&iﬁwkﬁlﬁ'éﬁﬁ?ﬁ:&ﬁﬁixiﬁﬁ 4§'Htﬂ5£f€&nﬁx€2\i&}imﬁ[‘ X o 47 ]
B3k - (15%) '

2 SHBEELRRRAE T RME ¥ £ B EE (mass wasting » RAF b B HF ) -
lﬂnﬁlﬁﬁkﬁiéﬁi&g DR W & (a)%?;mi%iﬁéﬁéﬁﬁl? (b)Yt B 74 30 B8

Eg? (10%)

3~ @KRERELCERN (AL HEE )LA&%E”&#—*}&(%%%E%#'JO
TS RTEMEBE K AE ?(0) 6 HHE LB ERENHNATLERARY
B KRB EH ?ﬁid%éi&ﬁkg&%iﬁﬂ - (10%)

4~ BRI A TR R I MR R 0 TR LR B (plate

~ tectonics) ¢ (10%)

ER éﬁ%ﬁ&@ﬁ%*@%%ﬁ%%%kkﬁﬁﬁﬁi%i#%ﬁéH%’%

L @QAHEEBAEBENSHRELRL? OABRB RS EHFEELHKE
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— AT A SRURIR 60°N, 160°B)HEI 20 iSRS A BT
B, I BUHEES B (60N, 160°W) Hsd f— (B R B = T N
CTD $EHI,A B571 B 357 CTD ZREL SIS S A6 5)

— AR R 156 AR 2000 ARG AT RIS E 4
SOV | AR SR R H R R R
B RS DR R 08 )

= A AGREE SCHRE 35..,5);@7@;1 BQRRE 2'C HE 3458
GREELE TR 3°C ¥ 34.85 BURSY.5EMZKEL A 70 B HILLAT
HERL DV FERAREUNER(6 77)

| ERLREEERTSAE 4)

A RIR R T R AR A A A TEe R TR R 7
FAIE B AR MR RSB S A AR 1)

7. DL AT B B4 SRR R EER E T n o iR, BRI /532
FU(WBC)FIR 7385 IR (EBC)s3 BIRHETEZF7WBC I EBC
R a2 178 5 WBC BRI R R 2 R E B A
WBC2(15 43)

L RN (B S TIE 9B 5 nHREE 47
(1)TS diagram (445) -
(2)Coriolis effect (4%) |

(3)tsunamis  (45)

(4)spring tide (45)

(5)geostrophic current (4% )

(6)potential temperature (45 )
(=REEREENER L E (¢5) .
ORI 87k s FATES?  (57)
(9) B BREFHEBRINE AT RR 2 A/ N A2 €5 %)
(10)Ekman spiral (4 5) |

(LEE=ESE (45)

(12)zEHs (492)
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A small ball is initially seated on the top of a hemispherical ice mound of
radius R = 15 m, shown in the right figure. It begins to slide down the ice,
with a negligible initial speed. Approximate the ice as being frictionless. _
At what height does the small ball lose contact with the ice? (14%)

An ideal gas is carried through a thermodynamic cycle consisting of

two isobaric and two isothermal processes as shown in the right figure.
What is the net work done on the gas in the entire cycle? (14%)

Suppose a meteor of mass 3.00 x 10" kg, moving at 30.0 km/s relative

to the center of the Earth, strikes the Earth. What is the order of
magnitude of the maximum possible decrease in the angular velocity of
the Earth due to this collision? The mass of the Earth.is 5.98 ><1024 kg.
The radius of the Earth is 6.37 x 10° m. (14%)

A stepladder of negligible weight is constructed as shown in the rlght ﬁgure A
painter of mass 70.0 kg stands on the ladder 3.0 m from the bottom. Assuming
the floor is frictionless, find (a) (5%) the tension in the horizontal bar
connecting the two halves of the ladder (b) (5%)the normal forces at 4 and B,
and (c) (4%) the COmponents of the reaction force at the single hinge C that the
left half of the ladder exerts on the right half. (subtotal :14%)

. Two uniformly charged, infinite, non-conducting planes are parallel to & yz plane and

_positioned at x=-50"cm and x =+50 cm. The charge densities on the planes are -50nC/m* and
+25 nC/m?, respectively. What is the magnitude of the potential difference between the origin '
and the pomt on the x ax1s at x=+80 cm? (14°/n)

A 3.00 MQ resistor and a 1 00 | nF capac1tor are connected in series with an n ideal battery of
emf &=4.00 V. At 1.00 s after the conmection is made, what is the rate at which (a) (4%) the
charge of the capacitor is increasing, (b) (4%) energy is being stored in the capacitor, () (3%)
thermal energy is appeéring in the resistor, and (d) (3%) energy is being delivered by the
battery? (subtotal:14%)

_The uniform solid block has mass 0.2 kg.and edge lengths a=3.0 cm, b= 8.0 cm, and c=1.0
cm. (1) (10%) Derive the equation of the rotation inertia about an
axis Ry, which goes through the center of the mass as shown in the
right figure. (2) (6%) Calculate the rotational inertia about an axis

R at one corner. (subtotal:16%)

RO
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10.

11.

12.

13.

14.

15.

16.

17.

A vertical line intersects the graph of a function at most once.
If limg_,6[f (z)g(2)] exists, then the limit must be f(6)g(6).
L|z? + 2| = |22 +1]

4 (tan? 1) = f(sec® z)

If f has an absolute minimum value at ¢, then f'(c) = 0.

If f7(2) =0, then (2, £(2)) is an inflection point of the curve y = f(z).

f_ll (x"’ — 62° + (ls_f;f)2> dz =0

If f is continuous on [a, b], then

+(/ fle)is) = 1@)

tan~!(—1) = 372-

tanz sec? z

lim ————— = lim —
37— 1 —COSZ z—=w— SINZ

=0

If f is continuous on [0,00) and [° f(z)dz is convergent, then [ f(z) dz is con-
vergent.

If [ f(z)dz and [° g(z)dz are both convergent, then [°1f () 4 g(z)] dz is con-

vergent.

If = f(t) and y = g(t) are twice differentiable, then

d?y  d%y/d¢
dz?  dz?/de?’

The polar curves r = 1 — sin 26 and r = sin 26 — 1 have the same graph.

[o'e) .
If lim a, =0, then ) a, is convergent.
n—rceo n=1

o0 o0
If 3 c,6" is convergent, then _ ¢,(—2)" is convergent.
n=1 n=1

o0
The series > n~%7! is convergent.
n=1
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18. 3. (:11!) = %
n=0

19. For any vectors u, v and w in V3, u X (v X w) = (U X v) X W.

20. Suppose f is twice continuously differentiable. At an inflection point of the curve
y = f(z), the curvature is 0.

(=) 3R 36 A 58 10 2 o £ FAMLAR TRRRF TR

1. A man wants to fence off a rectangular plot of 800 ft which will be open to a straight
river so that only 3 sides need to be fenced. What dimensions should the plot have

in order to minimize the amount of fencing required?

2. Evaluate g for y = [ sinv/Edt,

_ [ B3c2-8p+13
3. Evaluate [ = [ 32575005 dz.

4. Compute the volume of the frustum of a cone as shown in the following graph.

5. Show whether the series >~ ; —-—”H'\}g‘/ﬁ converges or diverges.

6. [[n(z+y)dA, where R is the region that lies to the left of the y-axis between the
circle 2 + 4?2 =1 and z? + 9% = 4.
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(a)crystal form (b)twin (c)covalent bonding (d)point group ( e) solid solution.

2~ FTHA&—B®gH48E (phase diagram) » HEH KD 25 HEBMEL (MzSiO,)
FosliE s (FeSiOs) » B AT 71 M 1 (15%)
(a) REEALIHELE > EALERFUATER (F LENRAKEMFL)
(1) B—n4E~(2) E—AHE ~(3) liquidus ~ (4) solidus ~ (5) mABLEFE -
(b) $RARZEHBEYIESR -

Temperature (¢C) —~
S = b B
- B
o O © 6 o
© 0 © o o

0 20 40 60 80 100
Weight % Fe;Si0,

(a) B4 dimgY (mineral) B9 & £ -

(b)) BYERELEBRAF LRI ESN 2B RSB HLBRIATRRY
X%é@&%ki&%?%%%#%kﬁ%ii%?%%?&#%’ﬁﬁﬁ;ﬁm
ANeBRemy (FaheB) BHELBRCERS - (10%)

s (a) —EmpREES G FESEREFOR &'ffﬁ‘!(ﬂ'f‘fﬁz'faﬁ*iéﬁaaﬁ‘?&Z’
R —BARNEEAE FEHELDAMOE > B AR EERGERT
(b) # L& RBEF RTFHBED LB ERMERAGERIBET (U4
B FHEE?REHAHBERETREEH LB EHRG? (10%)
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S5 RRATHRELRLIEL (HRREHEER? FTHABFERRAARL? &
BEHFLEZHFRENRBER LAY MGAT? TEBEHBRA) (10%)
(a) F432 (b) P422

6 - H—BEabkal BEANEBE LAFAL RSB DETRBEAATHR 0
B2 E & BhbEritFiotitdfe % Si0; =50.98 % TiO; =2.17 % AL,Os
=536% > FeO=7.92% MgO=13.27% Ca0=2040% (EEB 4 t)  RAR
H BB T L H BN 2SR > BHGEAAERY (TE L EEE
BTFB0=16081=28.1>Ti=47.9> A1=27.0 Fe=55.8 > Mg=24.3» Ca=40.1) -

(10%)

T HRATHRENES () k) (b) 2m2m2Um (c) [ww] (d) {hk} (10%)

8 FTETEEARFRENDKIINRABETHFET  FRAEELEHEZ (a) &
| Fee# X AR & Bravais lattice #9288 » (b) BT R8T ey B E 0 (c) b
B2 44 - (10%) '

O EFFHEHBRLE  FAELERHER (Ren’e ). Hally) RE—BELEKRELER
HRATURA TERALT  BRA (a) ARIRGTERSL (b)) TERSL
RARE RLEOREX LT ? (10%)
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H,C~_- CH,

H,C CH,

CH,

. According to IUPAC nomenclature, which of the
following is the name for the compound shown
above?

(A) 3-butyl-2-(1-methylethyl)pentane
(B) 2-isopropyl-3-butylpentane

(C) 2-isopropyl-3-ethylheptane

(D) 4-ethyl-2,3-dimethyloctane

(E) 2-isododecane

2. Which of the following reactions yields the indicated
compound as a major product?

(D) CH, B CH,
/ Br, N/
=C ' C=C
\ /N
H,C H H,C Br
(E) P{ /CH3 5 B\r CH,
I, 3
C=C -2 A__‘\\C—C”“H
/N Hog N\
H,C H H,C ~ Br

3. Which of the following substances is achiral?

(A) Br  Br

Hsc-ull “"‘CH3
H H
" (B) Br H
HHC&
HC  Br
(C) Br H
H---.>—§‘—CH3
BHC A

@) B H
H3C'-q>—%-CH3
H «

® Br H
H--u}—{«Br
H3C Br

4. Which-of the following-structures is the most stable
conformation of cis-1,3-dimethylcyciohexane?

H,C- CH,
P <7
~ CH,
CH,

©) H,C CH,

(D) CH,

@

CH,

B ,cH

g
/- CH,
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. Which of the following reactions will produce a secondary

amine?

(A)

(D)
CH
\)N/ 3
E) 0
N/
|
N

1. LiAlH4, diethy! ether
2.H,0

1. LiAlH,, diethyl ether
2.H,0

1. LiAlH,, diethyl ether
2.H,0

L. LiAIH,, diethy] ether
2.H,0

CH
¥ [.LiAlH,, diethyl ether

2.H,0

6. Which of the following is the correct order
of reactivity, from fastest to slowest, toward
acid-catalyzed dehydration?

L OH

H,C

IL CH,

H,C

111
H,C

?

CH

OH

CH,

H,C OH

(A) I>11>11T
(B) I>1I>1I
(C) I>I>1
(D) HI>1>1I
(B) MI>II>1

8. 1.c

H,0
—H

H,S0,

HgSO,

~
9
i
O

Which of the following is the major organic
product of the reaction sequence shown above?

(A .
A O

I
OH , cn,con

<.

()

iz
§s
O i
4
Il
0
|
=

©

D)

0
es
Ny

44

(E)

Oi
T

0
oK

1. BH, * THF

3
3. H,0,, NaOH

0§
5N

Which of the folloewing is the major organic
product of the reaction sequence shown above?

(A) H,C~ CH,
HO

:

CH,

(B) HO

0
T

(®) OH

=

?
o)
E

CH,

(D) H,C

;\g
0
._,,:E

CH, OH

E) H.C .
(E) H, ol

é

CH,
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9. . The best com:bmauon of reactants that will 10.” OF the following, which is the strongest base?
produce the product above via a Diels-Alder

reaction is which of the following? (A)I ,
® 9
CH2CH1
( S ocH; (B) @
CH,CH, N7
B) CH 0 ' © [_/N\;
H

3
. I(u\ocH3 | -
RN/
| @ |

3 .
' (E) -

(C) CH,
CO,CH,
.
o I
H
CH,
(D)
CH,CH, ocn
[ ; ;
CH,CH,
() CO,CH,

1. SR B S e R R BB « (50%)
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(10%)1.

(10%)2.

(10%)3.

(10%)4.
(10%)5.
(10%)6.

(10%)7.

SR AR P R I S

(HEEH 10g2=0.3010;log3=04771)

Distinguish between
(a) the equivalence point and the end point of a titration.
(b) a primary standard and a secondary standard.

The solubility products for a series of iodides are
Cul  K,=1x10"2
Agl  K,=8.1x10"
Pbl, K,=7.1x10"
Bil;  K,=8.1x10"
List these four compounds in order of decreasing molar solubility in
(a) water.
(b) 0.10M Nal.

What weight of sodium formate (HCOONa, 68 g/mol) must be added to
400.0 mL of 1.00M formic acid (HCOOH, Ka = 10'4)to produce a buffer
solution that has a pH of 4.00?

List several sources of uncertainty in pH measurements with a
glass/calomel electrode system.

Identify factors that cause the Beer’s law relationship to depart from

- linearity:.

Convert the following absorbance data into percent transmittance:
(a) 0.301 (b) 1.00

The distribution constant for X between n-hexane and water is 9.6.
Calculate the concentration of X remaining in the aqueous phase after
50.0 mL of 0.150M X are treated by extraction with the following
quantities of n-hexane:

(a)one 40.0-mL portion

(b)two 20.0-mL portions
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(10%)8. From the standard potentials
Ap,SeOy(s) +26 = 2Ap(s)+ScOf  E=0335V
| Agt+e == Ap(d p-gr90V
calculate the solubility product constant for Ag,SeOs,

(5%)9. Describe how an absorption photometer and a fluorescence photometer

differ.

(5%)10. In NMR spectroscopy, what are the advantages of using a magnet w1th

as great a field strength as possible?

(5%)11. How do gas-liquid and gas-solid chromatography differ?

(5%)12. What are the advantages of fused-silica capillary columns compared with

glass or metal columns?




