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1. Let matrix

00 -2
121
103

(a) Find the eigenvalues and the corresponding elgenvectors of the matrix 4. (10%)
(b) Find matrix P that makes 4 diagonal, that is, D = P 4P where Dis a diagonal matrix. (5%)
(c) Find the n-th power of matrix 4, that is, 4”. It is not necessary to explicitly compute . (5%)

2. Solve X’y - 2xy’ + 4y =Inx + x> (5%)
3.Find the area and volume if the vertices are (1,1,1), (2,1,1), (1,5,1), (1,1,3). (10%)

4. Please use Laplace transform to solve the following initial value problem. (5%)

y')+3y'®)+2y®)=0,y0)=1,5(0) =0

5. For a system of non-linear ordmary equations (with m>0) in a two dimension phase plan
yi=y, — 2

Y, =2y, —siny,

(a) For m = 1, please find all the critical points in the phase plane. (10%)

(b) Find the range for the value of m such that this system of ordinary differential equation has seven
values. (10%)

6. Let
1 1/3 -2/3 0 0 5
0 12 0 ) 5
4= o -16 13 o0 o | andd= |4
/2 -2/3 13 12 0 7
0 -1/3 0 0 1/3 8

(a) Solve for x such that 4x = b. (6%)

(b) Find all eigenvalues of 4, and list them in descending order. (6%)

(c) Find a 5 x 5 matrix X and X such that X’4X = D, where D is the diagonal matrix whose diagonal
elements are eigenvalues of 4 in descending order. (6%)

(d) Find the determinant of 4 and the inverse of 4. (6%)

(e) Find &. (6%)

7. Find the Fourier transform of f( { ) =rf 26—5 It (10%)
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B FRSLHZAREALLATHRY - (5%)

EREE B B ho {7 4 dE 45 R 1E S - (10%)

F A B R e TR S AR (5%)

IXERAER fBRAKRTE  FAEIEE NG A A8 i B e 5] PR IR R AR H AL
BEyeif o HHREBERTE) (10%)

5. W EA{T35 w8 B(cardiac output) ? BRAA FERE R FEHECH K E - (10%)
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1. FTHAME LA AL 8L E BB » 45 2 R B 7(A)E hn AT M AR A BL 6 RH
B)# ik P EHK C)BETHELTORY DB LR KA

2. Plin@it TFHEMETOHLAWARAMGETSE A THATEAEL Al F BH R
(C)Z % (D)A 7

3. BT EaBNE S £35S %(stretch receptor) » FibiE S B R B TEF CEERR
A TG EEBBER? (A)XRME BT (C)a ki (D)4 &

4, EEAFFBAEFRY T FHEMEE & $? AL+ B)EREE (C) sraiss (D)
] .

5. FHIEM TA) Beyhkesid » MEEE? (A)gaRkapBEELe7 ARER  ofNe
K HBREF BhlknelELeF ARER 4fREGFRBEREF (C) ahkta
BEEAEBREE  afNAARAREE D) caktymBE LeE BRER  £EA
SERARER

6. MALLEEL  RERKIMMER L ANGE> NS> N4>k aRaF B) Za ¥
> e 5 2> WL 4> AL (C) MLES It i 4> & B 4> BLEk 4 (D) Wt & 4> ILERHE> DL &4
>xagE T+

7. FHEMMAGIES Ry 2T EEERZN? ANAEEEEZ2RCANER GG E
& (B)ALIE T ey L& A de ik F 49 £ B WL A AZ (C)BLAAZFF 2 6958 KA 6 K2R Z SLEE
(D) Adenosine triphosphate AL kB R EEMME » REFHREESE °

8. EEASERE—R  KE—CERHENERLTITE? (A ogy@Ef B)w#AE (C)
BHE D)EEE '

19. % B 358 4k %, 85 (period of spinal shock)z &3t » F 7474 E#E7 (A) R BT » KA HBRE

FEBRHBERANE—BSHEL BRENEEGHRRENGFE C) FHALBAZIR

HEEEANSRTE > N E DB THEAKRLBEZER WIS RERRE

10. Glucocorticoid T S fodnik ¥ F FlT ik 2 2 B ? (A5 Bt & w3k (B)HEK (C) F Fi&
‘G sk (D) E ikt & oK o

M. THEME 4@ A GEHEH » EER? AXES;HAERNBLE FAZERLIE B)REE
RBAAEEHBERIATRF B IS C) AEMHEE =~ 1~ L~ THEHS D)X R&
AR O B AT BB LR B4R

12. i B s 4kt > FAMTH45R7 (A F mRA RS RE R 2RERR D B)RWENE X
%o RBREBEFTHE C) B FBEMTI B mA HeyiEs (D) PIFaey R TP EAN

+ =45
13. FTofT £ 50 ME 65 4 BRIy AT ERIR A BL? (A)cysteine (B)tyrosine (C)methionine
(D)tryptophan

14. BN e EB A BRBE SRR TE - THME 7B NI (A)acetone (B)acetoacetic acid
(C)pyruvic acid (D)B-hydroxybutyric acid
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15. R4\ § 7T & 4 Gastroileal reflex » & 37 F 51 4R B A7 207 (AVBE 45 T2 2 8
(B)Hrder B s F 2k Prgk (C) B £ 4h 48 2 8 X At & BT 3k (D) § k35 9 ib 23k

16. ey R EF - £ BAATIR? (A)+ =58 (B)@ss (C)& iy (D)= 1%

7. 3 598 & B 7 — 75 dn e ? (A)BOK 4 o 30 (B4R 7 k4 o 30 (C)db ¥ 5 7 fo (D)G-6-
DP #: % &

18.ADH A& Aldosterone 2 fx £ £ 4 3 s fie & (AVE A B85 LA B)ME S o B T
(C)e B i 3 o (D)4 4 3K Ao 3 3% fo

19. B LM FEAF B 20T o B2 3] AL AT BE - 7053842 F » T 24T 4 R & F 1 693 458 &7 (A)GTP
binding protein (B)B-adrenergic receptor (C)Postagalandin (D)Cyclic AMP

20.Cushing's syndrome #4 &, B & dy 7 (A) ] ## & % B 88 (B) 4 Rk R & C)wdn | &
HAkF @ (D) L% gk

21w WE(ECC)8 T B & T 71T A A7 (A)w % Repolarization (B)«w % Repolarization (C)-u
% Depolarization (D)« % Depolarization

22. 4 sk pH AT M ~ HCOy F I ~ PCO; FHESE » 0 (AVRUHEEE ¥ 3 (B)oF R AL + 45 (C)
AU A F 35 (D)o Rk F

23. M R A7 AH R 0 T ARy Ak BER 47 (A) & @ 3Rk A B (B)4 A% (C)AE B 8% (D)As By

24. 3 ) S B8 R LI 45 6 AP 8 Ayt (A) R4 & (B) X B AT 48 (C) b 48 (D)) & kA 4&
25.Goodpasture’s syndrome sy B RAFHL Y » BT KONk B X ahm K oh o b A BRAEAE A7 (A)il
T8 (BIF R 48 dott (C)BF i do 2% o R (D)X L% %

26. I 25 3R Fo B A7 48 4w B 6% 2 IR 404 1 A7 W] ? (A)PABP (B)GABA (C)Dopamine
(D)Acetylcholine

27 850 F T PUT A A% 0 T 315 BB ALe9 44 ? (A)Troponin | (B)Tropnmyosin (C)Troponin
T (D)Troponin C

28. i BB A £ B R W — kT A7 A7 (A)CI(B)K™ (C)Na* (D)Ca?*

29. B& A ROE & B AT A4 B PR ik ik 2V FRER? (A) T 8RG8 (B) % =8k (C)#5 B A& (D) ik ik
30.JURE BT R 5 MR EEGY B A7 (A) O %k B)a sk (C) S % (D) Bk
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1.
2.

Define “the second Iaw of thermodynamics”, “ collision model”. (6 %)

An inverse concentration dependence on one of the species taking part in the reaction.
Explain the meaning of it. (4 %)

A 1.00L solution was made from dlssolvmg 20g of NaCl in enough water. Assume that the
density of the solution is 1.00 g/cm®. Please calculate the molality, molarity and mole
fraction of NaCl of this solution. Suppose sodium chloride dissociates completely in
aqueous solution, please calculate the boiling point and freezing point of this solution. (Ky =
0.51°C Kg/mol; K¢= 1.86 Kg/mol for water, NaCl: 58.44 g/mol; H,O = 18.0 g/mol) (10%)

The best laboratory vacuum system can pump down to as few as 1.0x10° molecules per
cubic meter of gas. Calculate the corresponding pressure, in atmospheres, assuming a
temperature of 0°C. (10%)

Answer the following questions about the Lewis ACld boron trifluoride.

(1) Draw the Lewis Structure of boron trifluoride. (3 %)

(2) Draw a VSEPR diagram of boron trifluoride. Label the bond angles. (3 %)

(3) Is this molecule polar? Draw all bond dipoles and explain. (4 %)

CHRERMREEREANEEF L(BEE S35 o 2 20 4)

. Which one of the following statements about transition metal species is incorrect?

(A) TiCls is an ionic compound
(B) MnO is a basic oxide
(C)CrOs is an acidic oxide
(D)ZnCl* is colorless

The average mass of a boron atom is 10.81. If you were able to isolate a single boron atom,
what is the chance that you would randomly-get an atom with mass 10.817?
(A) 0% (B) 0.81% (C) about 11% (D)10.81%

The compound 2-germaacetic (GeHz;COOH) is an unstable weak acid. At 25°C, a 0.050 M
solution of 2—germaacet|c acid has a pH of 2.42. Determine the ka of 2- germaacetlc acid.
(A) 3.12x10*(B) 0.076 (C)2.42 (D) 0.38 .

Which one of the following statements is incorrect?
(A) IE1: P>Al>Na

(B) EN: CI>Se>Br

(C) Atomic size: Si>P>N

(D) Number of valence electrons: S>Sh>Cs

The react|on 2A+B->C, has the following proposed mechanism:

Step 1: A+B->D (fast equmbnum)

Step 2: D+B->E

Step 3: E+A>C+B

If step 2 is the rate- determlnlng step, then the rate of formation of C should equal: (A) k[A]
(B) KIAF[B] (C) KIAIBT? (D)KIA]B?

Which of the following species can function as an enzyme in organisms?
(A) DNA (B) protein (C) cellulose (D) fatty acids
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7. The indicator cresol red has K,=5.0x10 °. Over what proximate pH range does it change
color? (A) 7.3 — 9.3 (B) 4.3 — 6.3 (C) 8.3 — 10.3 (D) 6.3 — 8.3

8. Calculate the wavelength, in nanometers, of an x-ray that has frequency of 5.15x10"® g™,
(A) 5.83 nm (B) 17.2 nm (C) 583 nm (D) 0.172 nm

9. The best explanation for the fact that oxygen forms only OF with fluorine, while sulfur forms
SFz, SF4 and SFa, is that
(A) oxygen is more electronegative than sulfur.
(B) sulfur is less electronegative than oxygen.
(C)oxygen is smaller than sulfur.
(D) sulfur has d orbitals available for bonding.

10.A stock bottle of nitric acid indicates that the solution is 67.0% HNO3 by mass and has a

density of 1.40 g/mL. Calculate the molarity of the solution. (H=1.00, N=14.0, 0=16.0)
(A)22.2 (B) 14,9 (C)10.6 (D) 0.0148

11.1f the half life of a reaction with respect to a reactant concentration is 0.693/k, what is the
reaction order of the reactant? (A) First order (B) Second order (C) Third order (D) Zero
order.

12.A carbon that has four different groups attached to it is a carbon?
(A) chimerical (B) typical (C)phospholipids (D) chiral

13.If an endothermic reaction is spontaneous at 298 K, which of the following must be true for
the reaction?
I AG is greater than zero.
Il.  AHis greater than zero.
. AS is greater than zero.
(A)1 only (B) ll only (C) I and Il only (D) Il and Il only

14.Compound XoY is 60% X by mass. Calculate the percent Y by mass of the compound X,Y,.
(A) 20% (B) 30% (C) 40% (D)60%

15.Calculate AG for the isothermal compression of 1 mol of an ideal monatomic gas from 1.4
atm to 5.6 atm at 23C.
(A)3.4x10° J (B) 1.6x10% J (C) -3.4x10% J (D) -1.6x10°% J

16.How many electrons in an atom can have the quantum numbers n=3, [=17?
(A)10(B) 2 (C)6 (D) 18

17.Please order the Ka values for a series of oxyacids: HOCI, HOBr, HOIl, HOCHs.
(A) HOI>HOBr>HOCI>HOCH;
(B) HOCH3>HOI>HOBr>HOCI
(C)HOCH3>HOCI>HOBr>HOI

(D)HOCI>HOBr>HOI>HOCHj5

18.The percent dissociation in a 0.10 M aqueous solution of monoprotic acid is 2.5%. Please
calculate the value of K, for this acid. (A) 1.23x10 “*(B) 2.5x10 "2 (C) 6.4x10 -5
(D) 7.4%x10 ~©
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19. Which of the following is state function?
(A) work (B) heat (C) enthalpy (D) none of these

20.The half-life of a radioactive nuclide is 14 hours. Without doing calculatlons how long would
it take for a sample to decay to 12% of its present activity? (A) 3 hours (B) 14 hours (C) 28
hours (D) 42 hours
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1. A stone of weight W is thrown vertically upward into the air with an initial speed u. A constant force f

due to air resistance on the stone during its flight.
(a) Find the maximum height reached by stone. (5%)
(b) Find the speed of the stone upon impact with the ground. (5%)

2. Two objects with masses of m; and m; have the same kinetic energy and are both moving to the right.
The same constant force F is applied to the left to both masses. If m;=4m,, what is the ratio of the

stopping distance of m; to that of m,? (10%)

3. A 2.0 kg block slides on the top of a frictionless table with a speed of 8.0 m/s toward another block (at
rest) of mass 4.5 kg. A spring has spring constant k=850 N/m, is attached to the second block as shown

in figure.
(a) What will be the maximum value when the spring is compressed? (10%)
(b) What will be the final velocities of the two blocks? (10%)

Vi =8.0 Vig = {}

| e ey "V\v’\{ M
x&“&\\\\\\\\x\ K\X‘R\K’XX“C\“\N\X

4. A cylindrical disk of mass M and radius R is hung by light string of length / on the rim. It is released
from rest. See figure. What is the tension on the string when the disk swings to the lowest point? (10%)

G
/’fx’f<//;‘2

SN
A
M

N
A
o
\
R

5. A capacitor consists of two long concentric metal cylinders, the length L with the line charge density
A . The inner and outer cylinders have radii a and b, respectively.

(a) Find the capacitance in this cylindrical capacitor. (10%)

(b) Find the energy stored in this cylindrical capacitor in terms of line charge density. (10%)

6. Resistor 1 has twice the resistance of resistor 2. They are connected in parallel to a battery. What is the
ratio of the thermal energy generation rate in 1 to that in 2? (10%)
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7. The circuit shown in figure consists of a switch S, a DC power support of 12V, an inductor of]
inductance 2H and two resistors of 6 (2. The switch S was open for long time and close at t = 0.
Determine the current /; and #; under the conditions (a) immediately after the switch is closed, (b) after
the switch has been left closed for several minutes, (c) immediately after the switch is opened, (d) after
the switch has been opened for long time. (20%)

S
VARG
?i 7
12V - J 60

260
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1. B—2% ¥ %84 (cresyl violet)t &89 K BAS I R » SRt R BAMTREF ¥R ?
(A) &F (B) &#k (C) Bk 1 &

2. BoAABABEENYE - FRTE, B FLT LEEE wHEES AL ?
(A) Area 4 (B) Area 5 (C) Area 6 (D) Area 7

3. BZAABECHBYNEE - FRAETOTEEREA BTN FIL?
AF-B-AROBBTOF~T

4 Bmd AB SRR A EAEE o R TMER S S LR S S AR AER 7
(A) Trachea (B) Diaphragm (C) Larynx (D) Pharynx ,

5. BEHABEB M TER » HFTENILA T LB MY EH ?
A FB®TOA

B —

B A

Bladder

Pharynx

Left main
Trachea bronchus

Right 3 ; Left lung

Diaphragn
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1. HRE—EARN R EARTRRF A TAEG R iR~ BN - BM)edshae - (15 %)

2. Hrtad— 18 F e A 3 R BA AR T Ay M o (15 9)
3. S A AT R KT IR 6 45 A 3 BRI IR B 0 o S B R R B 69 SREE (10 %)

4, 9B % 4 P 45 P 69 76 R (dead space) i A% 5E 4 22 (physiologic dead space)yi fi# 3] (anatomic
dead space) 7. i &9 £ & © (10 %)

B SR R st (£ 30 %)
W BT X AP BT H P AR - (20 %)
ARt I B ISR b £ 8y SC AR B A 6 A 48 36 5 ] &4 B8 A "activity-dependent” o (10 %)

il

3¢ 3 4 s Exp Neurol. 261:440-50, 2014

Injection of WGA-Alexa 488 into the ipsilateral hemidiaphragm of acutely and chronically C2
hemisected rats reveals activity-dependent synaptic plasticity in the respiratory motor pathways.

WGA-Alexa 488 is a fluorescent neuronal tracer that demonstrates transsynaptic transport in the
central nervous system. The transsynaptic transport occurs over physiologically active synaptic
connections rather than less active or silent connections. Immediately following C2 spinal cord
hemisection (C2Hx), when WGA-Alexa 488 is injected into the ipsilateral hemidiaphragm, the tracer
diffuses across the midline of the diaphragm and retrogradely labels the phrenic nuclei (PN) bilaterally
in the spinal cord. Subsequently, the tracer is transsynaptically transported bilaterally to the rostral
Ventral Respiratory Groups (r'VRGs) in the medulla over physiologically active connections. No other
neurons are labeled in the acute C2Hx model at the level of the phrenic nuclei or in the medulla.
However, with a recovery period of at least 7 weeks (chronic C2Hx), the pattern of WGA-Alexa 488
labeling is notably changed. In addition to the bilateral PN and rVRG labeling, the chronic C2Hx model
reveals fluorescence in the ipsilateral ventral and dorsal spinocerebellar tracts, and the ipsilateral
reticulospinal tract. Furthermore, interneurons are labeled bilaterally in laminae VII and VIII of the
spinal cord as well as neurons in the motor nuclei bilaterally of the intercostal and forelimb muscles.
Moreover, in the chronic C2Hx model, there is bilateral labeling of additional medullary centers
including raphe, hypoglossal, spinal trigeminal, parvicellular reticular, gigantocellular reticular, and
intermediate reticular nuclei. The selective WGA-Alexa 488 labeling of additional locations in the
chronic C2Hx model is presumably due to a hyperactive state of the synaptic pathways and nuclei
previously shown to connect with the respiratory centers in a non-injured model. The present study
suggests that hyperactivity not only occurs in neuronal centers and pathways caudal to spinal cord
injury, but in supraspinal centers as well. The significance of such injury-induced plasticity is that
hyperactivity may be a mechanism to re-establish lost function by compensatory routes which were

inlAasinnl

CUETENE LN I v inactiv
initially physiologically inactive.
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1. (18%) The parameters of the transistor in the circuit of Figure 1 are V7p=-1.8 V and k, =2 mA/V~. 2
Design the circuit such that Ip =4 mA, Vsp =6 V, and Rj, = 80 kQ.

+5V

-10v Figure 1 -

2. (24%) The transistor parameters for the circuit in Figure 2 are =200, V4 =50V, Vgp (on) = 0.7 V,
and Vr=0.026 V. '
(1) Find the voltage gain (4,) of this amplifier. (8%)
(2) Find the output resistance R,. (8%)
(3) Given the signal source vy(f) = 4 sinwt in unit of Volt, determine i,() and v,(z). (8%)
V=45V

Vi=-3V Figure 2

3. (16%) Two inverting operational amplifiers are connected in cascade (Figure 3). For an input
voltage (v;) of 5 mV with Ry =1 kQ, R, =10 kQ, R3 =50 kQ and R4 = 1 MQ, determine
(1) vo; and vo. (8%)
(2) the current into or out of the output terminal of each op-amp. (8%)
Ry

Vo

Figure 3
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4. (20%) Figure 4 shows a differential amplifier consisting of two stages. The common-mode rejection
ratio (CMRR) of stage 2 is 60 dB. '

(1) For R; =2 kQ and R, =5 kQ, calculate the CMRR of stage 1. Then calculate the total CMRR
provided by both stages. (10%)

(2) The ideal CMRR of stage 2 is infinitely large, but in practice it’s not. For example, it’s 60 dB in
this case. Please explain the possible reason. (4%)

(3) As part of an amplifier, what is the main advantage(s) of each stage? (6%)

Az —e—0 1,

Stage 1 Stage 2 Figure 4

5. (22%) The non-inverting amplifier in Figure 5 consists of a basic op amplifier with an input
resistance of R; = oo, an output resistance of R, = 0 , and a finite open-loop voltage gain of 4.
(1) Express the closed-loop voltage gain (4y) of this feedback circuit in the form of

g Yo A
Toov, 1+ p4
What is the expression of 57 (8%)
(2) Given that 4 = 10° and Ar= 20, what is the corresponding R»/R,? (6%)

(3) If 4 increases by 10 percents, what is the percent change in 4,7 (8%)

R
AMAN

R

—__EJ\/\M ov,
/F :
+
Ve | - )

Figure 5




