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— ~ (885920 %)

(a) Compare the work done in two processes, where pressure change is from P to
P,: one is reversible and isothermal process, and another is adiabatic and
reversible process. (14 45)

(b) Draw the P-V diagram for these two processes, where pressure change is from
Py to P2. (6 %)

C (5 20 )
(a) Can you plot the “Carnot cycle” in P-V diagram? Express operating conditions,
like isothermal or adiabatic processes, for each process. (6 %)

(b) What is the definition of “Efficiency”? Can you show the efﬁc1ency of the
Carnot cycle in “Temperature”? (14 %)

= ~ (#4520 %) Calculate the entropy change for one mole water was vaporized in the
closed system for reversible and irreversible processes. The initial temperature is
at T, outside pressure is Pey, and the pressure change is AP.

9 ~ (484 20 %) Three allotropes o, 3, and y of certain element are in equilibrium at
this trip point (Fig. 1). It is known that
Vr<V®and S* <SP
Determine which regions of the diagram are o, p and y. Explain your reason.

i

T——P

Fig. 1 Schematic pressure-temperature phase diagram for a one-component system in
the vicinity of its triple point. All phase are solids.
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&~ (484 20 %) A mixture of Al and F €203 follows the thermal reaction
a*Al + b‘F6203 = c*Fe + d-Al,O4
and this reaction is allowed to process to completion.
(a) Please determine the stoichiometric numbers: a, b, ¢ and d. (4 %)
(b) If this reaction is placed in the adiabatic container at 2000 K, please illustrate
the diagram of relationship of H and T, (6 )
(c) Express the AH for this reaction at 2000 K. You can assume any parameters

used in this expression for AH. The melting points of Al and Fe,O5 are at 660
and 1566 °C, respectively. (10 5)

Chromium, al. %
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Fig.2 Phase diagram of the Fe-Cr binary system.

GRAERE R A 40=)



BAF M FNEELLRAA

8 LTAMERLELS (=R ' ¥%—8)

MKTERIRBFER(BREEBE+ s — v x 2% ~ ~MR-MC Mt~ M-~ =
BB W FEHEE YA

MEAF X R XAEZIT o B -

— (5 12 D E AT SRR BRI BA, 8RR, B A, B
R p 8 R Bk S vy 48 2P o
(=) #Rikv, &7 BAy, Ay, Fv 8B - (4 5) e
(=) BT - BAF G 23UT 555 2 8
S 9L 24T 2 (4 4)

fiy

(__—_‘:_) EE%‘Faﬁdt—F ? %—Epl = Dy, v1=0 ‘%/}L ’ %Uﬁﬁﬁ% e
WAEE T v, kT hg, hfrh,yH X - 4
%)

o

=~ (Ey 12 %)

() EEZAMAC R FHAERKAR TR BEveyKF
WET L REORETRTE L AT E L
MARKFRE  FHBMETEEME LS 24 )

(=) BBKFABRE AT F R AR Eogid kT i
M) R AR AL BERE YL@ £ S R BLEE KR © (4 &)

(Z) AR LA F R KA B RO EEEAEY, (=)
BEGERE 74 )

=~ (42410 %)

(=) ERIOARAFT R FAEBAKGFEBRASEEZN 4o R
IGRMR > ET ETIRS - R B EY - Ap,
PP, RN ARRFKAOEEEE - 5 %)

(D) wRERFRIZREBNERAEDEEREARS
ERARY—FHEEMFLKT  BRFE B L
SBF YLK - FB A4 G M BN E A % b
ZR?20 %)

(%TFHR)



HAR 14 FNEQLERRXE 10,
F8  LiEMHITR LBILE (2=ZR ' %$=8)

W AN E QBB % B Rk v R A 84 R
(B (drag) o KR EF > E4oFy, 3Ry ~ % F 69550
(viscosity ) t$tu » AR F2r =B 58 H B -

S 52 sp F ouy
Jj:EPFdrag ~ utvhre o S Aot T £ A i By

HYaBARB LA G  £3KFHFh5es)H
nE o MBEIREY RAL TR U SR B A2 AR R bR IR B G BEFAR ST © 2 A
RBEMAH > ZRRAXDEORE FERSBmeBRMA > ok
a, B, e =B k&3 - (8 4)

.ﬁ‘ﬁf%mM%%&%ﬁa%ﬂ%%%ﬂ%iﬁ“ﬂ%%%ﬁ%ﬂﬁ%%ﬁ
BRGNS ABRTHESEN (AMEGHH ) B ARNA R E—
REIFTE G F M foshig £ R % - A AR REEEER L - (8 )

'

oo

100 | d” Mm

w j 'y L P

ol Elwtlpein

E L . '8

Soif % 't tf o 7?6
0.01 - " i

0.01 0.1 1 10 100 1000 10000 100000
Mass (kg)

Fig. 1. letting urination by large animak, including (A} elephant. (8) caw, (€) goat, and (D) dog. Inset of cow it reprimted from the public domain and cited in
51 Appendix. (E) Schematic of the urinary system. (£} Ultrasound image of the bladder and urethra of a fermale human. The straight arrow indicates the
urethra, and the curved ammow indicates the bladder. Reproduced with permission from ref. 20, (Copyright 2005, Radiological Society of North America). (G)
Transverse histological sections of the urethra from a female pig. Reproduced with permission from ref. 9, (Copyright 2001, Elsevier). (M) The relationship
between body mass and urination time.

Lp Yang, J. Pham, J. Choo, and D. L Hu, Duration of urination does not change with body size, PNAS 111, 11932 (2014)
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7% ~ The pH measured with a glass electrode follows the Nernst equation. At 25.00 °C,
the response of a pH meter can be expressed as: Emeas = Erer + 0.05916 pH
where Err includes the reference electrode potential and all other cell potentials
unrelated to hydrogen ion concentration.
Assume that Eqeas = 0.480 V and that E.; = 0.250 V.
Determine the uncertainty in pH and [H *] if the measured potential has an
uncertainty of £ 1 mV (+ 0.001 V). (20 %)

£~ (4% 18 »)For each of the following molecules, do the following: (i) Draw the
Lewis structure; (ii) Predict the molecular geometry (shape); (iii) Identify the
expected hybridization of the central atom.
a) CF4 (9 %)

b) SOz (9 %)

/\ ~ At a certain temperature, 8.1 moles of NO, gas are placed in a 3.0 L container. The
gas undergoes the following decomposition reaction:
2NO2(g) 2 2NO(g) + O2(g)
At equilibrium, the concentration of NO(g) is found to be 1.4 mol-L!.

Calculate the equilibrium constant K for this reaction. (12 %)
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— ~ (20 %)
In the following equation, p means dy/dx. Given that y = p? + 2xp, show by
differentiating with respect to x that -j—; = -2 - %. Hence show that
X = — gp + Ap~2, where A is a constant.

Find y in terms of x if p = -3 when x = 2.

=~ 20 %)

Solve the following ordinary differential equations by using Laplace transform.

y'+4y' =cos(t—3)+4t, y3) =0, y(3) = 7.

=~ (20 4)
Suppose heat is lost from the lateral surface of a thin rod of length Z into a

surrounding medium at temperature zero. If the temperature distribution follows

; a2 a
the equation ka—u—hu =a—1: OZx<L r>0,

x2

where k, h are constants. Find the temperature distribution u(x, t) if the initial

temperature is f(x) throughout, and the ends x = 0 and x = L are insulated.
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9~ (485 20 &)

Consider the function f(x,y) = x3 — y3, and answer the following questions.

(a) Find the direction in which £(2, -2) decreases most rapidly. (6 4%)

(b) Find the minimum value of Dyf'(2, -2), in which D, J/ means directional
derivative. (6 %4%)

(c) Name two examples relevant to the concept of the question in daily life. (8 %)

B~ (#4520 4)
Let A be the coefficient matrix of the system of linear equations.

{_xl_‘zx:z = 1
2xl+3XZ = —1

(a) Solve the system by finding the inverse matrix AL (10 &)

x
(b) Letx = [x;] be the solution of the system obtained in part (a).

Calculate and simplify A2 x. (10 %)
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10K, = 0.5—-0.5] — J?
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1. (25%) In a certain application, it was decided that complex conjugate roots for the
closed loop systems should not be allowed, in order to avoid oscillatory behavior.
Find the maximum gain K > 0 for which all roots are real. (15%) For the gain,
write the differential equation that relates the system output response y(?) to the
command r(z). (10%)

~

R -

:;E K g s(s+4)(s+6) >

2. (25%) A feedback system has open loop transfer function as follows.

K
s(s? +4s+8)

(1) Find the departure angles from the complex poles as K increases from zero. (15%)

(i1) Find the points where the root locus crosses the vertical line through -1 in the
complex plane (the line s=-1+1 o for all o). What is the gain when the locus

crosses this line. (10%)

3. (25%) Find the steady state response of this system to command r(t)=cos t. What is
the amplitude of the response (15%), how much does the response lag behind the

command? (10%)

A4
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4. The log magnitude Bode plot of a transfer function can be approximated by the
below straight line plot. What is the transfer function? (25%)

25 1

20
15 4
10

5

Magnitude (dB)

0

5]

W i i PR IR M e B ; e OO .
0.1 1.0 10.0 100.0 1000.0
w (rad/s)
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1. Evaluate the integral. (25%)

0 2
f e * dx
—00

2. (25%)
(a) Find the Fourier series of the periodic function f(t), where f(t) = |t| for
—n <t<m and f(t+2m) = f(t) forall t. (15%)
(b) Using the result in (a) to evaluate the series (10%)

(ee]

i 1 1 1
). wc Itgatmtat
=1
n:oddnnumbers

3. Find the solution y(t) of the initial value problem

4y"(6) +4y' (O + 17y(0) = g(t),  y(0) =y'(0) =0

using Laplace transform, where g(t) is a continuous function. (25%)

i
2

identity matrix. What is the matrix X? (Hint: There are four possible 2 X 2 X’s)

4. Solve the matrix equation X? —5X + 3] = [ :g] , where [ isthe 2 x 2

(25%)
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M R

— > @EWRAL L eyEH (epithelial transport) # & - (15

2)
= RASEBETAABAELAHEAASE - (10 5)

= R E T ko AT BB RS AL B IS 04 o F Ak - (15

»)

W~ R SHERAL (cardiac cycle) SUIBEERA 0 F— o
ME ZCEFAEMEFLR? (15 %)

B~ REHAAL 6 R L Ao fT B # 8k (renal artery ) i A B
7t (nephron) Mt m ik 48422 (15 %)

N (88530 o) LEEE:
(—) Tonicity (5 %)
(=) Osmolarity (5 %)
(=) Brush border (5 %)
(=) Vital capacity (5 %)
(#.) Ejection fraction (5 %)

(%) Net glomerular filtration pressure (5 4-)
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2 —_— i
- =6 % limy_, xXfe(x)=3xf(x)+2f(x)-6

(—) & limyy

(5 )

xX— xX2-3x+2
; k.
[2Y Limg.q Z};‘zlgsm(kn/n) (5 )
fxz cos(VE)et” dt—fnz cos(VE)et” dt
(=) limy,, =2 ¢ (5 )

X—1r

(9) iMoo [ xsin(1/x2) dx (5 %)

=~ (#8420 H )i P AR -
(=) KRB fry)=x*+y*-2x—-6y+4 ATEBA (0,0), (-44) %o
(44) =Z=ABERLE (FR) H@BHBME - (10 5)
(=) F@ x+y+2z=2 XWHh& z=x>+y2 K—1%E - Kb E EIER
LR REE Fo A B 2 B AR o (10 4)

=~ (85 205)% A>0, peRr

(—) &9 [Txke M0 dy wgk s 2 k> —1-(10 %)

(=) =5 foooe—sz dx #v f_oooox e~ A=1)? 4, B1E o (10 )

W (45 40 H)E AT 5 44 -

=) REKELEBR r=4sind fo r=2 NFEBHYEREE - (10 )

=) % ff, cosjj_j; dA, £ R ZTRE4(2,0), (40), (0,1) F (0,2)&
&M E B - (10 )

) HE [P +y2+ 220V, EAmnd® z = 2% + Y2 EF kA0
HKEmx? +y2+22 =4 fn x2 +y2+22=9 2B - (10 %v)

(W) % FO.y) = (G mos) % x2+y2#0 3tE §.F-dr, £+ Ch

x2 +y2 ’ x2+y2
— 1B ¥ B 4% f B 3¢ P ¢ 4% (positively oriented simple closed curve ) B /& =
EAE CHE R BB s - (10 )
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