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1. A chamber is cooled by an air-conditioner that operates with reversible Carnot
cycles. The air-conditioner consumes power P. The temperature inside the chamber
is 7>, and the ambient temperature outside the chamber is 71, 7} > T». The heat
transfer to the chamber through the walls is proportional to the temperature
difference, with a proportional constant £&. When the temperature is stabilized,
express 7> in terms of k, 77 and P. (10%)

2. The temperature at the surface of the Sun is 5778K. If we treat the Sun and the
Earth as black bodies,
(a) what is the total power transfer from the Sun to the Earth by radiation? (8%)
(b) what is the expected surface temperature of the Earth? (8%)
The following parameters may be needed for your calculation: Radius of Sun =
696340 km; Radius of Earth = 6371 km; Distance from Sun to Earth = 149.6
million km. The Stefan-Boltzman law says that radiation heat transfer per unit area
for a black body is Q = oT*, where T is the temperature of the object and ¢ = |
5.6697x10® W/m?K*. The temperature of deep space is 2.7K, and its radiation can
be neglected.

3. An electrical magnet is schematically shown in the attached figure. The magnet core
is aring of radius R = 1 m and circular cross section of radius » = 10cm, with an air
gap of width d (=1cm). The solenoid wire winds 1000 turns around one side of the
magnet core, and carries a current of / = 5A. The magnet is made of iron with a
relative magnetic permeability of 5000 when it is d
not saturated. Estimate the magnetic field (in Tesla)
in the air gap. Air gap
Note: To solve this problem, assume the field is
uniform in the air gap, and ignore the edge effect
and field leakage. The relative magnetic
permeability is defined as: B = p.uo H, where , is
the relative permeability, and L is the absolution
permeability of vacuum (or air). po = 1.257 x 10 I
Henry/m. (10%)

iron

b VoV
1000 turns
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4. A solid ball of radius r, initially at rest, rolls down without slipping a rail of height 4
and then shoots up where the rail turns upward. At the end point, the height of the
rail is a and the tangent angle is €. Find the maximum height that the ball can reach
after leaving the rail. Note that the radius » should not be neglected, and the moment

of inertia of a solid ball is %mrz, where m is the mass of the ball. (10%)

5. A charge Q is located at the center of a hollow spherical
shell with inner radius R; and outer radius R,. The total
charge of the shell is zero. What are the electric fields as
functions of the distance to the center, », under the
following two conditions:

(a)The shell is made of conductive material. (8%)
(b)The shell is made of insulator with a dielectric constant

(relative permittivity) &. (8%)

6. Arocket in space (free of gravity) of total mass M is propelled by ejecting fuel at a
constant rate of %ﬁg = p (note: 1 < 0). The fuel is ejected with a constant exhaust

velocity ve relative to the rocket.
(a)Write down the differential equation that determines the rocket’s motion, i.e.,

what is %, where v is the velocity of the rocket, in terms of ve, 4, and M. (8%)

(b)If the rocket has an initial mass My, solve the equation and find out what is the
velocity change when the mass of rocket is reduced by AM. (6%)
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7. A1 kg mass is suspended from a thread 55 cm long that can sustain a tension of
12.0N before breaking.
(a)What is the frequency of small amplitude pendulum motion? (6%)
(b)Find the maximum allowable amplitude (in angle) for pendulum motion of this
system. (8%)

8. One arm of a Michelson interferometer is 50 ¢cm long and is enclosed in a box that
can be evacuated. The box initially contains air at 1atm, which is gradually pumped
out. In the process, 621 bright fringes pass a point in the viewer. If the
interferometer uses light with wavelength 480 nm in vacuum, what is the air’s
refractive index at 1 atm? (10%)
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1. (20%) Let f(z) = 2%, —7 < & < , be a 2n-periodic function.

(a) (10%) Find the Fourier series of f.
(b) (10%) Use the result in (a) and the Parseval’s identity to show that

2.1 T
2 =W

2. (20%) Let y1 and y2 be any two solutions to the homogeneous part (i.e., f(t) = 0) of the linear
differential equation

Y (8) + Py () + () u(t) = £(2). | (1)
Here p(t), ¢(t), and f(t) are glven functlons of t for £ > 0. The Wronskin W (y;, y2) of these solutions
is given by W (y1,92) = y13 — v2u1-
(a) (10%) Show that W (t) satisfies the first order differential equation
W' (1) +p() W(t) =0,
and find the solution of W(t) with the initial condition W at t = 0.
(b) (10%) If the Wronskin W (y1,¥,) is nonzero for all ¢, show that the general solution of (T) is

z)ya(z 2)y1(z
y(t) = c1ys + cayz — f( 1z} yalz) dz+y f( H2)u(z) )
W(y1,v2) y1,yz)
where ¢; and ¢y are constants.
3. (20%) Consider the system of linear ordinary differential equations
1 -1 0
dy (¢ &
"M(—leY(t) with Y= [y, A=1|1 3 0]. (2)
dt
5 0 0 -2

(a) (10%) Find the eigenvalues and the eigenvectors of A.
(b) (10%) Find the general solution of (2).
4. (20%) Solve the heat equation
U = EUgy, € >0,
in a semi-infinite line = > 0, satisfying the boundary conditions
w(0,8) = f({t), >0, u(z,t) >0 as z — oo,
and the initial condition u(z,0) = 0.
5. (20%) Consider the elliptic boundary value problem of the form
Uge +Uyy =0, for 224¢4% <1,
{ u(z,y) =%, for z2+42=1.

(3)

(2) (10%) Show that in polar coordinate with (z,y) = (rcosé,rsin) the boundary value prob-
lem (3) becomes

1 1
Upp + —Ur + —Sugg =0, for r <1,
T T (4)

u(r,0) =cos?0, for r=1.
(b) (10%) Find the solution of this problem.
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1. The typical yield strength and plane strain fracture toughness of aluminum and
aluminum alloy 2024 (Al-4.4 Cu-1.5 Mg-0.6 Mn) are listed below.

Material Yield Strength (MPa) | Fracture Toughness (MPa-m!’?)
Aluminum 35 24
Aluminum alloy 2024 320 44

Draw schematically a stress-strain diagram for both materials. Explain briefly the
increases in these mechanical properties of aluminum alloy in comparison to

aluminum by proposing possible mechanisms. (20%)

. Magnesium alloys have replaced engineering plastics for many applications since
that they are comparably light, stiffer and more recyclable. Aluminum is the
foremost additive in these alloys. In the Mg-Al system, an eutectic equilibrium
between the Mg solid solution (£ phase) with the maximum solubility of 12.6 wt.%
Al and the compound Mg;7Al;2 (y phase) with 43.0 wt.% Al exists at 437°C and
34.1 wt.% Al. Draw schematically the equilibrium microstructures for a Mg-6 wt.%
Al alloy at the temperatures (1) between the liquidus and solidus lines, (2) between

the solidus and solivus lines and (3) below the solivus line. (15%)

. Glass-ceramics are commonly used as ovenware for their excellent resistance to
thermal shock. Relate the performance with their microstructure. Describe the
change in their viscosity with temperature when they are heated till being liquid in
comparison with a normal glass. Indicate the annealing point, melting point,
softening point, strain point and working point of a glass-ceramic on a schematic
viscosity-temperature diagram. How can one reduce the softening point of glass-

ceramics? (15%)
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. The thermosetting styrene-butadiene rubber and the thermoplastic styrene-butadiene
block copolymer are both elastomers derived from the same monomers. Which of
them is recyclable? Why? Also explain why they possess different mechanical
responses at elevated temperatures. The chemical formula of styrene and butadiene
are CeHsCH=CH> and (CH>=CH); respectively. (15%)

. The electrical conductivity (o) of a p-type silicon increases, decreases and increases
again with increasing temperature (7) at low, middle and high temperature ranges
respectively. Explain these relations between ¢ and 7 with an aid of a logarithm
plot. (15%)

. Barium titanate BaTiOs has a perovskite crystal structure in which Ba atoms form a
simple cubic lattice, and Ti and O atoms occupy the cube center and the centers of
cube faces respectively above 120°C. Describe the piezoelectricity and
ferroelectricity of BaTiOs. Assuming the cube is closed packed, calculate the ratios
between the ionic radii of Ba, Ti and O ions. (20%)
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— (8540 5 BAAS p)RELH
(—) AR (wind wave)
(=) B & (swell)
(=) EF R (rogue wave or freak wave)
(w) 3L £ 37 (nearshore current)
(&) #m (rip current)
(75) &3 (wave spectrum)
() 24 (kuroshio current)
(N\) iR R %5 (wave diffraction)

o BRI R TR 1000 AR 0 KR B R E ?
(20 %)

Z REEETERLE  RRAREADHEMBEETHREEATS
ld(ECg) _

NP hBHPHKR xBBEETQELBRZER  EALERMORARES
PRABKER gHENWRE  HHKRR > CohRABRER » SR RTH

H=yh 2)

E = - pgH? (3)

Gy =/ gh 4)

XPyhERbhi  FREXDEG)  HEL TEEREGHBAL TR

h = Ays (5)
APAXKTLT

_ [24D.(D) |5
dl = Spgx@"z] (6)
(20 %)

(#2FR)



HEIRI FLAEGEERRE =
#B :RRHB (&=—RA' %=R)

W~ KRR R B B Ae B ko T & AT 0 3R KT M K 3 (significant wave height)
FoiB #8 (wave period) ° (20 %)

&I | E&m) | FH()
1 5.9 11.9
2 5.0 10.8
3 5.4 11.6
i 4.5 9.8
5 4.7 10.4
6 3.2 8.2
7 9.7 10.4
8 11.1 12.1
9 12.4 11.6
10 8.5 13.6
11 7.4 131
12 5.5 12.1
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30 N/m

12m

H 1

= kolE 2 Aror 0 bR AR F R hes(hinge)ABEE C % #4582 SKN &
EPaRMEAARIBE DI FEHIRZTHEURLER - (20 o)
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=~ B3 AHZ(truss)&H 0 £ G 2% — 1000N £ + & # - £ H 2% — 600N £
Ak FREEEB Y DG~ DF ~ BE W EMR L2 H K o (20 2)

F H
¥ 4m
600N
B D
G
v
1000N 4m
V]
A E
C
HIRIETY
3m ’ 3m 3m 3m
B 3

W~ o[ 4 B ANTE(truss) &g 0 S oA B AT R BB P 1K
EZAWH (20 %)
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# 200 mm® ~ A E A 300 GPa» 344 A F K & #2(Castigliano’s theorem)
KB ABEAMBED,) - (20 %)
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134

XA R R BEIAFIENEAK (BE Lgem’®) 0 ik 10m > 85 4m > 4

R 3m e AR E 2o mm(x) ke T XA
m(x) = 6x — 0.6x2 0<x<10

Hobx (Bfm) BiskF @ aEiE  mx)ey 45 ton/m o 3545 A64n4s RIE 5 4
02m:* UEAEEABELZFAREAVER (EH ik E 9.81m/s?) XKL H L
TASAAE R MIEE C (425 30 )

(—) AsA89LK < (5 4)

(=) MHBECKBERKEDIESRE - (55)

(Z) MBRATHIHLERKR] (10 2)

(W) ASHEERGEHMERARN - (10 )

= EASAAETEAIA N BB ARIE ITTC 1978 3 eh 7ok > A s = minkd B i
EREAGBE B RAAGEERBEXELMKEFS 114 &k i
9.81 m/s® » RUAFARFAA B A KB T RIBEZAATAEA - (20 5)

0.075
ape= (logRe — 2)?

HPChTARM A% > Reh T -

11

bl

T A AR
. e | RAK| HK 7K %7K %Ik
fﬁ%%ﬁ‘@% BE | BE Rﬁ;%ﬁ% BRE | BE
(m*) | (g/em®) | (g/emrs) (g/em’) | (glem-s)
1521 120 12263 1.025 0.014 1:20 | 34.26 1.000 0.01

B ENRELEN AT EHBCr % - (15 5)

C SRR ER I RER T AN E R AR R E M
LB RIRAGESMAESAA - FRARESME (15 45)

HAAMAEBE G E R UBRIATHE A At E A8 - (10 &)
L AR R IR S M AR FA A R R AL B AR B IR A 9 A2 - (10 &)

A =
H'é’ a¥
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—~ —h A BYE T KRB RN — B R IERIE R (TRt iR BB L
FARGBAFEAABE b REOBETHES ko ARIURB M 9 HR A4
BB K (85 255)

(—) ML ARFARBERGY BB RoTHIRETHARKBEE
(lumped capacitance method) ? (5 %)

(=) R RPKBAZIERBA - F7 B E B4 A0 =0)2#% K 8 B (o) P F4x
AR A 1LidE - 5 %)

(2) WR|RAZZRBA  FTEZHEBE=0)24E & FH(tow0)F T
R AR R ALIBRE - (5 ) |

(W) SHMRKAFTERBAOKRA > BHARAPFRBEFILOEEFTRZK
PFRGEMN AT EEAHRMBELEHFATHRALRAZ - (10 o)

=~ (4525 %)
(—) TEEHARAUSH YA TARE—KFROBARRE SRR E S
Bl Pi - PARATR A x=0 LHFRALERBEESO)HREER x )

A (5 2)
(=) smiae B RE)A 8 FRABOWRE TR S EHEE B>
W RER B BAFILE - EFFBI)RSEZRGMERE - (10 %)
(2) ZTREERABBECHTACHEL FEHEAETHATAGE AR
R (criterion)&y &= X, > B FFAKA T S(x)ES (x)8 A o (10 4)

=~ BHLE R B4 5] ¥ (turbojet engine) &y B AB BRI AL B T RAS B AT BRI
% (air-standard Brayton cycle) (4845 20 %)
(=) TEEH-BRAHINENEHETER BOR IS E (o BERE)
(S %)
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(=) 2R EHERAREA G EMERY pv BR T-s B » 342 4842 (process) ¥
Bon BRI - (T )

(2) $tHHE Ts B > AL BEAMTHobBR S ERMTHRBGAYT
@B T-s B - (8 %)

W ERZAMEEH R=0287kI/(kg + K) » BE k=14« (484 30 )
(—) 47 38 421 -F 47 i@ #2 (quasi-equilibrium process) ? H #2 47 i@ #2 (equilibrium
process) IR B ? AT TR EE R TR BEM-FHEEZ 2T 5)

(=) RA—AR# P EENEEEGHRE » BRFEL 10cm 89k E T 1L
558 3000 ##(3000 rpm)EFEALE ) 0 R AP 2 A AB LR 1000°C 0 3%
A FZBAGILM T WEREHBRERZ T TRALALTE ? ERES
HeyBEE%L - (8 )

) EREFRRT > — 88 ATH € & 4 — £ & K (normal shock wave) > 3 #2528
EEAREA - (7T9)
(@) ERKOETHBARMERE? EERYBARTTHRE — U458
HRYFHERR -8 %)

i

(

GRAR R A H )



A M FAFERLRRM w0

#8 : L EYERLEFLSE (=R %—R)

MU P X RFAXMELIYT > FoLRHE -

KR TR AM(REREHE+ ~ —~x~+~% ~y “MR-MC-M+-M-~=FA
BB BB BHEE S

1. A 60 kg person rides a 10 kg bicycle on a smooth road in a windless day. On a 5°
downhill section, she slides without pedaling, and reaches a terminal speed of 40 km/hr.
Considering only the gravity, the pedaling power, and the air resistance (which is
proportional to the square of the speed), what pedaling power she has to exert if she
wants to reach a speed of 20 km/hr when the road is 3° uphill? (10%)

2. Hot water of mass m and temperature 7; is mixed with same amount of cold water
with temperature 7>. Assume a constant specific heat ¢, find the change of the entropy.
(10%)

3. A coil is placed with its plane perpendicular to a uniform magnetic field. It is then
flipped by 180°. The coil is connected to an instrument that measures the total charge
O that flows during the flipping. If the coil has N turns, area 4, and total resistance R.
What is Q in terms of N, A4, and R? (10%)

4. An ambulance driving at 100 km/hr is sounding a siren of 600 Hz. What is the
frequency sensed by a person in front of the ambulance and moving with 10 km/hr
towards it? Assume the sound speed is 343 m/s. (5%)

5. (15%)A solid sphere of radius R contains a uniform volume charge density p.
(a) What is the electric field at a distance » (» >R) from the center of the sphere. (5%)
(b) What is the total electrostatic energy of this configuration? (10%)
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6. (25%) Consider the following information about the 0.10 M diprotic acid (H2A) in
aqueous solution.
H,A < HA-+ H? pKar=6.0 (Ko =1.0 x 107%)
HA~ «» A+ H' PKa2=9.0 (Kaz=1.0 x 107)
The titration curve for H,A with standard 0.10 N NaOH is shown below:

E
E
D

pH C

[OH-]
(a)Calculate the pH values at point A, B, C, D, and E. (15%)
(b)What are the most abundance species at point B, C, D, E, and F? (10%)

7. (25%) A solution contains 1.0x10° M for 105, I3, I, and pH 7.00 buffer at 25°C.
Given the half reactions and each standard reduction potential shown in (1) and (2)
in a solution.

(1) 2103+ T"+ 12H" + 10e” > I3 + 6H,0 E°=1210V
(2) I +2e < 3T E°=0.535V
(a) Obtain and balance the redox reaction (3) by half reactions (1) and (2). (4%)
(b) Predict whether the reaction direction go forward or not for the reactions (1), (2),
and (3) as given condition by using the Nernst Equation: (12%)

logQ

0.0592V
Ecell = E* — ('_'“"_)

(c) Calculate the pH in equilibrium. (5%)

(d) What is the value of logK (X is the equilibrium constant) for the reaction in this

solution? (4%)
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