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1. (a) A continucus-time signal x(f) is defined by the following formula:
_ - Jrk 720 ket
x(1) k§8k2 1 e
Determine the Nyquist rate for sampling x(7) in the unit of Hz or in samples per second. (10%)
(b) A chirp signal is defined as: x(¢) = cos(400z*). If the sampling rate is 800 Hz, the output signal
will have time-varying frequency content. Draw a graph of the resulting analog instantaneous
frequency (in Hz) versus time of the signal at #=0 to 5 sec after reconstruction. (10%)

2. A linear time-invariant system is described by the difference equation: y[n] = x[n] — x[n — 4]. (20%)
(a) Find its system function H(z). (4%)
(b) Plot the poles and zeros of H(z) in the z-plane. (4%)
(¢) Find the frequency response H(e /%) and express it in polar form (magnitude and phase). (6%)
(d) Sketch [H(e’®)| for -z < @ < . (6%)

3. Solve y(¥) by using Laplace transform. (20%)
V'+4y' +3y=e¢'; and y(0)=0,y'(0)=2.

4. Derive the general solution of X(f) according to the followihg differential equation. (20%)

5 -4 4
X'=[12 =11 12X
4 -4 5

5. For

1 4
A= ,
: )

find an expression for A", where n is an arbitrary positive integer. (20%)
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1. Describe two mediated transports across a cell membrane. (20%)

2. Describe why the resting membrane po.tential is always negative and how an action potential is
formed. (20%)

3. Describe the auditory system from the tympanic membrane (eardrum) to the cochlea. When is
tinnitus created? (20%) '

4. Draw the action potential of a ventricular muscle cell with the action of sodium, potassium, and
calcium channels. (20%)

5. Describe two hormones released by the posterior pituitary gland and six hormones released by the
anterior pituitary gland. How does hypothalamus control the hormone release of the pituitary gland?

(20%)
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Part I. Multiple Choice (including single choice) (30%)

- 1. Which statement about bonding molecular orbitals is correct?

(a) Electrons in bonding orbitals tend to stabilize the molecule.

(b) Only o bonds can result from bonding molecular orbitals.

(c)- In a bonding molecular orbital, the electron density is high between the two atoms.

(d) Bonding molecular orbitals result from in phase overlap of the wave functions of the atomic
orbitals. :

(e) The relative numbers of electrons in bonding versus antibonding orbitals determines the
overall stability of the molecule.

2. Estimate the heat of reaction at 298 K for the reaction shown, given the average bond energies

below:
Br,(g) + 3F,(g) — 2BrFs(g)

Bond Bond Energy
Br-Br 193 kJ/mol
F-F 155 kJ/mol
Br-F 249 kJ/mol

(2) -836 kJ ®)-150k]  (©)-89kT  (d)—665KkJ () ~1222kJ

3. Nitrogen (atomic mass = 14.0067 amu) has two naturally occurring isotopes. The masses of "N
and "°N are 14.003074 and 15.000108 amu, respectively.
What is the percent abundance of °N?

(2) 15.0001%  (b) 14.0031%  (c) 99.635%  (d) 0.365% () 0.0104%

4. The first ionization energy of sulfur (1005 kJ/mol) is less than that of phosphorus (1060 kJ/mol).
Reasonable explanations for this fact involve:
(a) the stability of the half-filled subshell in atomic sulfur.
(b) pairing of two electrons in one 3p orbital in sulfur atoms.
(c) the smaller size of sulfur atoms relative to phosphorus atoms.
(d) the electron-electron repulsion cause the fourth 3p electron in sulfur to be easily removed.
(e) the larger effective nuclear charge Zeg of sulfur atoms

5. What are the number of protons, neutrons, and electrons in the 3%5% ion.

(a) 16 p, 18 n, 16e (b) 16 p, 18 n, 14e (c)16p,16n,19¢
(d)16p,18n,18¢ (e)34p,16n,18¢

6. The second law of thermodynamics states:
(a) All exothermic processes also increase entropy.
(b) The enthalpy of the universe always increases in spontaneous processes.
(c) A spontaneous process always increases entropy.
(d) AH<0and AS>0 for all spontaneous processes
(e) The entropy of the universe always increases in spontaneous processes.

by 7 - B
H A
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7. Consider CH, and CF,. Electronegativities: C =2.5, H= 2.1, F = 4.0. Which statement is true?
(a) Both are sp3 hybridized at carbon.
(b) The bond angles in CF, are smaller than those in CH,.

(¢) The C-F bonds are more polar than the C-H bonds.
(d) Both molecules are nonpolar.
(e) The bond dipoles in CF, are directed toward the fluorine, but those in CH, are directed

toward the carbon atom.

8. What is the bond order for each of the following species: N,, NZ‘—, N2+and which one would be
predicted to have the shortest bond length?

N, N,- N,F
bond order shortest bond length
@ 3 35 25 N,
b)) 3 25 25 N,
© 3. 4 2 N,
@ 2 3 1 N,
€ 3 4 2 N,

9. A catalyst
(a) increases the amount of products present at equilibrium.
(b) increases the rate at which equilibrium is reached but decreases the equilibrium constant.
(c) increases the rate at which equilibrium is reached without changing the equilibrium constant.
(d) increases A\H for the process.

(e) lowers the activation energy by changing the reaction pathways.

10. A reaction has an activation energy of 40 kJ and an overall energy change of reaction
0f —100 kJ. In each of the following potential energy diagrams, the horizontal axis is the
reaction coordinate and the vertical axis is potential energy in kJ. Which potential
energy diagram best describes this reaction? (single choice)

40 40 40
@ oo (b) 100 (c)| 100
i Y
40
) 100 © \ 100
’ Y
‘> 40

I
=
¢ :3"{%3
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11. The gas phase reaction A + B — C has a reaction rate which is experimentally observed to follow the

relationship rate = /c[A] [B]. Which one of the followmg would affect the value of the specific rate
constant, £?

(a) increasing the temperature (b) changing the concentration of A
(c) changing the concentration of B (d) adding a catalyst
(e) all of the above
12. What volume of 0:1125 M K,Cr,O, would be required to oxidize 48.16 mL of 0.1006 A/ Na,SO, in

+
acidic solution? The products include Cr and SO ions.

(a) 1436 mL (b) 28.75 mL (c)43.12mL
(d) 56.12 mL : (e) 32.15mL
n2a

13. For real gas, it follows (P -l— )(V nb) =nRT. Which one of the statements is true?

(a) A real gas behaves more nearly as an ideal gas at high temperatures and low pressures.
(b) In the van der Waals equation, the “a” factor corrects for attractive forces, and one would

expect a larger value of “a” for HF than for He.
(c) The “b” factor in the van der Waals equation should be larger for He than for Cl,.
(d) Gases approach their liquefaction points as temperature decreases and as pressure increases.
(e) Both “a” and “b” of the van der Waals equation have values of zero for an ideal gas.

14. About surface tension, which statements are true?

(a) The intermolecular interactions among the liquid molecules are responsible

for the phenomenon of surface tension
(b) The molecules at the surface do not have other molecules on all sides of them and therefore are

pulled inwards, which creates internal pressure and forces liquid surfaces to contract to the
minimal area

(c) Surface tension can also be thought of as the amount of energy required to increase the surface
area of a liquid

(d) Surface tension is not related to the capillary action.

(e) From the energy point of view, molecules in the surface area are in the lower energy state than

molecules in the interior of a liquid.

15. About proteins, which statements are true?

(a) The primary structure is the order of the amino acids, which is crucial to the protein’s biological
function.
(b) Factors that might affect the tertiary structure of a protein include hydrogen bonds, electrostatic
interactions, and hydrophobicity etc.
(c) o~ helix and B- sheet are common secondary structures of proteins.
(d) Heat and pH change can lead to denatured proteins.
(e) The biological functions of proteins are not affected by their tertiary structure.

HEH A
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Part IL. Non-choice (70%)

1. (10 %) For the reaction of 2NO + H, = N,0 + H,0 , the following mechanism has been proposed :
' ki
2NO % N,O,

£
N,0, +H, = N,0+H,0
(1) Apply steady-state approximation to determine [N,O,]. (3%)
(2) Express the reaction rate in terms of [NO] and [H,]. (3%)

(3) If under high concentration of Hp, what is the overall reaction order? Which elementary step is
the rate determining step? (2%)

(4) If under low concentration of Ha, what is the overall reaction order? Which elementary step is the
rate determining step? (2%)

2. (10%) Following are four of possible Lewis structures for KrOs.

(1) Determine the formal charge of each atom in these four Lewis structures. (§ %)
A. B. C. D.

//,\

L S | .
; Kr ) Kr : ' kel )
o7 1o 071 N0 07 SO0 o7 o
S A R O I S S G A L S B Y
() () () O

N
RIS

(2) Which Lewis structure is the most likely structure for XeO; (A-D)? (2 7 )

3. (10%) For sodium chloride ionic crystal, Na” and C1 have ionic radius of 1.02 and 1.81 A,
respectively

Na*

(a) How many CI” ions surround a Na" jon? (2%)
(b) What is the edge length of each unit cell? (2 %)
(c) What is the shortest distance between two Na™ ions? (3 %)

(d) What is the space between two nearest Cl ions? (3 %)
36 7 - un

FI Y 7F R
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4. (10 %) The treatment of a particle in a 1-D box can be extended to a 2-D box of léngth a in the x
direction and width 4 in the y direction, yielding the following expression for energy:

2 2 2
E= Ll e Ly
m| ar b2
The two quantum number, n, and ny can assume only integer values. Consider an electron confined to

a 2-D box that is 9 nm in the x direction and 3 nm in the y direction.
(1) What are the quantum numbers for the first three allowed energy levels? (5%)

(2) Calculate the wavelength of light necessary to excite an electron from the ground state to the
second excited state. (5%) '

5. (10%) An electrochemical cell is constructed at 25 °C as follows: One half-cell consists of the
Cl,/CI” with a reduction potential of E°=+1.360 V, and the other half-cell involves the MnO4/Mn?*
~ in acidic solution with a reduction potential of E° = +1.507 V. _ )
(1) Write down the overall reaction for this electrochemical cell and determine its standard
potential (3 %)

(2) What is the standard Gibbs free energy change, AG° ? (3 %)

(3) Calculate the equilibrium constant K at 25°C (4 %)
6. (10%) For the following first-order rearrangement reacﬁon,

CH3;NC - CH;CN

it was found that it has a frequency factor A =3.98 x 10" s, and activation energy E, = 160 kJ/mol.

(1) Calculate the value of the specific rate constant at room temperature, 25 °C (4 %)
(2) Calculate the value of the specific rate constant at 115 °C (3 %)
(3) Calculate the half-life of the reaction at 25 °C (3 %)
7. (10%) Solid Pb(NO3), is added to a solution that is 0.03 M each in Na,CO3, NapSOy, and NaOH.

(1) Write down the sequence of precipitation of PbCO3, PbSO4 and Pb(OH),
Ksp of PbCOs, PbSO4 and Pb(OH), is 1.5x10™ and 1.8x10% and 2.8x107'° respectively (3%)

(2) When PbSOy begins to precipitate, calculate the concentration of [COs*] (3%)
(3) When PbSOy begins to precipitate, calculate the percentage of OH that have precipitated (4%)

@ Some of the following Values8 and equations may be useful
Speed of light =3.00 x 10 111/34
Planck’s constant = 6.63 x 10 Jes
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2. BREBE—RBHE - FRAE ALEBIANAMET A - (10 %)

A

View

3 Y,
a 4
i

w7 Anterior

B REEEHE o

3. FHRIEFFH ik w0 B E B A ERBE T FEEIE ORI R e F A - (10 %)

4. 3R I bt T B BT B (computed tomography) ~ 4% % £ #k (magnetic resonance imaging) L i & F
# % (positron emission tomography) =834 2 M7 a9 BRI A % - (15 %)

5. B =&ML A 48 B UL (muscle spindle) #2 L aE (tendon) & 7 €  3HARIE T B 3 A E RMfE 488
) E LA BAY (& SRR 1S - (20 %)

Action
potentials
e T
RIRAN

organ organ

la axon

AT

aY 5173 .|_|’1'_TT §

Golgi tendon, Ib axon Golgi tendon\ ( ———>= b axon
= Y - =

/la axon
e

(\‘1 Muscle spindle

Extrafusal -.._| 3 /
muscle » " Alpha motor
fibers Alpha motor neuron axon
/ neuron axon (active)
{inactive) -
A — Tt
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1. (15%) Figure 1 shows a circuit for charging a 12-V battery. If v, is a sinusoid with 24-V peak
amplitude, find the fraction of each cycle during which the diode conducts. Also find the peak
value of the diode current and the maximum reverse-bias voltage that appears across the diode.

i
100 O L5
ANN DI
+
Us —:F-l,?. V

Figure 1.

2. (15%) Analyze the transistor amplifier shown in Figure 2 with dc analysis and small-signal
model to determine its voltage gain. Assume the common-emitter current gain $=100.
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3. (20%) Design the circuit in Figure 3 to obtain a current Ip of 0.4 mA. Find the value required for
R and find the dc voltage Vp. Let the NMOS transistor have V=2V, 1,Coy= 20 pA/V 2 L=10
pm, and W =100 um. Neglect the channel-length modulation effect (that is, assume A =0).

V'DD = +10 Vv

11)\1/ R

—

15 D

Figure 3.

4. (25%) Figure 4 shows two circuits: (a) and (b), for generating a constant current Ip = 10 pA.
Determine the values of the required resistors assuming that Vg is 0.7 V at a current of 1 mA
and neglecting the effect of finite 5. (Hint: apply Izgr = 10 pA for circuit (a) and Irer = 1 mA for
circuit (b).)

10V 10V
J/IREF | \LIREF |
| R |
R | ‘LIO i | ‘L]O
Ql Qz Ql QZ
R,
(a) (b)

Figure 4.
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5. (25%) Select appropriate values for the coupling capacitors Cc; and Cc» and the bypass capacitor
C; of the amplifier in Figure 5, so that the low-frequency response will be dominated by a pole at
100 Hz and that the nearest pole or zero will be at least a decade away. Also, determine the
midband gain. Let Vpp =20V, R=100kQ, Rg; =1.4 MQ, Rgz=0.6 MQ, Rs=3.5kQ, Rp=5
kQ, 7, = 0, Ry = 10 k€, the transconductance at this operating point g, =4 mA/V.

VDD

R Ro C

Gl ” oV
C ]l I}
Cl

MA—o—] > R
—>
2 R =
§ o R TCS

Rin

Figure 5.






