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1. Suppose that f (x,y,t) = x2 - e2Y + t2 . Which of the following equations is correct? 

df - af 'ik af dy (a) If x = x(t) and y = y(t ) ,  - - -- +-- 
dt dx dt ay dt 

af (c) - = x2 -2eZY 
ay 

af (d) - = t 
dt 

(e) none of the above 

2. Suppose that x = x(u,v), y = y(u,v) . Which of the following equations is correct? 

(a) - . - = 1 
du ax 
d x d u  a x a v  (d) -.-+-.-=I 
a u a x  a v a x  

axau a x a v  
(e) zs5+av.v= 

I 3. If xy -y3  =1, yl(x) atx = O  is equal to 

x i2  sinx 
4. The integral [ i,2 - kdy  is equal to 

X 

(e) n/2  

d i  A 

(e) - = 0 
d r  

di 
(c) - = 6 

do 

5.The polar coordinates (r,e) and the Cartesian coordinates (x,y) are related by 
,, A 

x = r cose, y = r sin 6 . Which of the following equations for the unit vectors i, j, i ,  is 

INCORRECT? 

(a) i = c o s e i + s i n ~ ' j  

d6 ,, "I) dB = -r 
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6. The spherical coordinates @, 4, 19) of a point P are defined by that p is the distance form origin 0 to P 

4 the angle between the z axis and OP, 0 the angle between the x axis and the projection of OP on th~ 

x-y plane. The Jacobian YyZ) is equal to 
~(PY 499) . 

(c) p2 cos@sinI9 (d) p2 cos 4 cos I9 (e) p2 sin 4 cos 8 

7. If 0 is a scalar field and A, B are vector fields, which of the following equations is INCORRECT? 

(a) V.(@A)=V@.A+<DV.A (b) Vx(@A)=VQxA+QVxA 

(c) V-(VxA)=O (d) VX(VXA)=V(V-A)-V'A (e) none of the above 

8. A vector field A(*, y, z) = xy i' + yz ] - xy2 & , then V . A is equal to 

(a> X + Y  (b) Y + (c) Y + Z - ~ X Y  (d) xy + yz - xy2 (e) none of the above 

9. Suppose that V(x,  y) = 2xy + x2 j is a gradient field and a curve R(r) = (1 + cosr)i + sinr j i 

=n/2 
defined by - n / 2 5 z S ~t / 2. The line integral v . a ~ i s e ~ u a l t o  

=-n/2 

0. A function f (x) defined in 0 < x < L has a Fourier half range cosine expansion 

a nm 
f (x) = a, + C a n  cos- . Which of the following equations is correct? 

n=l L 

nnx 
(b) a, = 2 rf(x)cos--tic 

L O  L 

(e) none of the above 

. I .  The Sturrn-Liouville equation has the form [p (x )  y']' + q(x) y  + Aw(x) y = 0, a < x < b . For the 

differential equation y" - 2 y' + Ay = 0,0 < x < n , which of the following function, wllien multiplied 

into the above equation, can turn it into a Sturrn-Liouville equation. 

(a) x Co) -x (c) e x  (dl e 
-X 

(el e 
-2x 
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12. The Fourier transform of f (x) is defined by F(f (x)} = f (x) e h. If f ("'(x) is the nth 
-00 

I derivative, F{ f '"' (x)) is equal to 

I (d) (-io)" F{ f ( x ) )  (e) none of the above 

13. If H(x) is the Heaviside step h c t i o n  and f (x) = H(x + 1) - H(x - 1) . The Fourier transform 

I F( f ( x ) }  is equal to 

(b) 2% 
0 

sin w 
(c) - 

W 

COS W 
( 4  - 

W 
(e) none of the above 

14. Consider the wave equation c2u, = u,,, u (0,t) = u(L, t) = 0, u(x, 0) = f (x), u,(x,O) = g(x) for 

I 0 5 x S L, 0 5 t. By the method of separation of variables, we have u(x, t) = X(x)T(t) and 

1 115. Following the above problem, u(x,,t) is the superposition ofthe possible X(x)T(t) and has the form 
CO 

u ( x ,  t )  = A,X, (x)T, (t) . Then X, (x) is equal to 
n=l 

(2n - 1)n 
(a) sin x 

L 
(2n - 1)n 

(b) cos x 
2L 

2nn 
(c) sin- x 

L 

16. Which of the following complex h c t i o n s  is NOT differentiable? 

nn 
(d) sin-x 

L 

I 

nn  
(e) cos-x 

2L 

(a) sinz 
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17. Which of the following is a particular solution x,(Q for the differential equation x" + 2x' + 3x = cos 3t ? 

ei3t  ei3t ei31 e i 3 ~  ' 

(a) Re [- - 
6(1- i) I (b) Re[- 

6(1+ i) 
I (c)Ret-- 3(1- i) 1 @)Re[m 1 @]Re[-m 1 

2 -1  
18. The complex function f (z) = can NOT be expanded into a unique Laurent series about 

z ( z  + 2)  

I z = i in the region 

(e) none of the above 

11 9. On the complex z plane, let C be a closed circle centered at z = 1 with a radius of 2 and oriented 

dz . 
counterclockwis. Then is equal to 

(el -&i 

20. On the complex z plane, let C be the square contour 0 -+ 2 + 2 + 2i -+ 2i -+ 0 . The integral 

1 
iz2-2iz-1 dz is equal to 

(b) ni (d) -ni (e) -2ni 

9 9 
y = x(- In x + c) " 2  , (d) y = x(- In x + , (e) none of the above 

2 2 

22. The general solution of y'-4y = 4y2 is (a) y = 
e-"' edx e 4 x  

c + e-4x 
,@I r =  c - e-4x , (c) Y =- 

c+e4' ' 
e4' e 4 x  

( d ) ~  = - 
c - e  4 x  , (e) y = c + e - 4 x  
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23. Find the general solution of the following equation y" + iy' - y = 0 

u f i x  - f i x  - 
(a) y(x) = eZ(AeT +Be ) 

ir Ji; -- - -& - 
(b) y(x)=e 2(Ae +Be ) 

u f i x  -& - 
(d) y(x) = e i (~eT + Be > (e) none of the above 

24. (Forced oscillation) During the disastrous 921 Earthquake, a skyscraper suffered from 

/ earthquake-induced vibration. The system aforementioned can be simplified as the following figure: I 
where m denotes the mass of the skyscraper, k is spring constant, and the time-varying force f(t)= 

focosi2t is applied due to the earthquake. Use Newton's second law to model this system as 
(a) mx" + kx'= fo cos Qt (b) mxn.-kxl= f0 C O S Q ~  (c) mN+h = f0 C O S Q ~  

(d) mx" - kx = fo cos Stt (e) none of the above 

(25. Based on your answer in the previous question, determine the natural fiequency o of this building I 
(a) .=Z.E 

126. The general solution of y" - 2 y' + 5y = ex cos2x is 

1 (a) y = ex(Acos2x + Bsin2x) -- xex sin2x 
4 

1 
(c) = ex(Acos2x+ Bsin2.x) -- xsin2x 

4 

(e) none of the above 

1 (b) y=ex(Acos2x+Bsin2x)+-xexsin2x 
4 

1 (d) y=ex(Acos2x+Bsin2x)+-xsin2x 
4 

(e) none of the above 
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27. The convergence radius of -(x + 7)" 
n! 

(a)o (b)l ( 4 2  ( 4 3  (e) none of the above 

28. The integral r(x) = 1t"'e-'dt (x>O) is termed the gamma function. Find r(2) 

(a)- 1 (b)O (c) 1 (dl2 (el J;; 

29. Find L{(t2 + l)u(t -I)),  where u(t) is step function 

2 1 
(a) e-$ (-;. + -) 2 1 

(b) - e-" (? + -) 
S S S  S 

2 2 2 2 2  
(d) - e s ( + )  (e) e - s ( T + l + - )  

S  S S S S  

s + a 
30. Find L-' (ln-) 

S + b  

(a) (e-*' + e-"I ) 
-bl - -at 

(d) ( t 
? 

3 1. Which of the following methods allows to calculate the numerical solution of initial-value problems 

with the least error (for the same interval) 

(a)Euler method (b) Tangent-line method (c)Midpoint rule 

(d)2"d-order Runge-Kutta method (e) 4th-order Runge-Kutta method 

x'= x - 4y 
32. Classifjl the singularity at the origin for the following system: { 

y'= x +  y 

(a) center (b)focus (c)node (e) none of the above 

(b) (e-bt -e-"I) 
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33. The direction cosines of vector u=(ul, 242, u3) in 3-space are defined as 1, c o s  a, l2 c o s p ,  l3 rcos 

y ,where a, p, and y are the angles between u and the positive coordinate. For the case of u=(2,-1,5), 

which of the following statement is Incorrect? 

(a)ll = 2 / 4 %  (by2 =-I /& (c)l, =5/J% 

(d) a + ,L3 + y = 180' (e) I: + 14 + 1; = 1 for all kinds of vectors u vectors 

134. Find the answer of the following linear system: 

IThe incorrect number for the solution set is 

(Hint: you can use either Gauss elimination or and LU Factorization) 

35. The determinant of the following matrix 1; , is (a)132, (b)-132, (c)200, (dl-200, (e) 0 0  

(Hint: You can use co-factor expansion or/and triangularization to do so.) 

x + y + z = i l x  

y + z = a .  

2 2 = h  

(e) 1 and 2 
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41. When an ideal gas undergoes a reversible adiabatic process, which one in the following is correct? (y- 

I CdCv, R is the gas constant) 

(a) PV'= constant 

(d) T V ~  = constant 

(b) TV= constant 

(e) None of the above 

(c) P V ~  = constant 

42. When an ideal gas undergoes a reversible isothermal process from V1 to V2, which is the work done by 

the system? 

Vl (a) RTln- 
v 2  

4v2 (d) RTln- 
p2 VI 

v2 (b) RTln- 
v, 

(e) None of the above 

p2 (c) RTln- 
4 

43. In a closed system of constant temperature and constant volume, the criterion for equilibrium is: 

(a) The Gibbs fiee energy (G) has its minimum value. 

(b) The entropy (S) has its maximum value. 

(c) The enthalpy (H) has its minimum value. 

(d) The Helmholtz free energy (A) has its minimum value. 

(e) None of the above. 

44. In a closed system held at constant entropy and constant pressure, the criterion for equilibrium is: 
(a)The Gibbs free energy (G) has its minimum value. 

(b)The entropy (S) has its maximum value. 

(c)The enthalpy (H) has its minimum value. 

(d)The Helmholtz fiee energy (A) has its minimum value. 

(e)None of the above. 

145. The chemical potential of species i ( A )  is equal to: 

(e) none of the above 
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46. If llConf is the number of spatial configuration of a system and SZth is the number of arrangement of 

particles among the energy levels, the total entropy of the system is: 

(a) k(mconf )I( 1 d t h )  (b) k(laconf)+k( lfith) (c) (k lnflconf)( 1fi th)  

(d) k ln(0~0t1f +Qth) (e) None of the above. 

--  
(a) G,") = G R (I' 

p- -- 
( )  ( I )  = G *  (c) G,"' = G,'~' 

---- 
(I' G '2' = G,'" + G, (dl GA + A '*' (e) None of the above. 

47. In a two-component (A and B) system, phase 1 and phase 2 coexist in equilibrium. Which description is 

correct? is the partial molar Gibbs free energy of component i. 

48. Which relationship is incorrect? 

(a) [ g ) v , c o m p  = ( ~ ) p , c o m p  

(e) None of the above. 

(49. Which relationship is correct? 

(e) None of the above. 

50 Which one is the van der Waals equation? (a and b are positive values.) 

a a 
(a) (P+-)(V - b) = RT (b) (P-T)(V + b) = RT v v 
(c) (P+&)(v +b) = RT v 
(e) None of the above. 

a 
(d) (P - -?-)(V - b) = RT v 
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5 1. The melting temperature of ice is O°C at 1 atm. When the pressure changes to 10 atm, the melting 

temperature of ice is: 
(a) O°C (b) <O°C (c) >O°C 
(d) Depending on other parameters (e) None of the above. 

52. When a three-component system is in equilibrium (pressure is fixed at 1 atm) with zero degree of 

freedom, there must coexist 

(a) one phase (b) two phases (c) three phases 

(d) four phases (e) None of the above. 

53. One mole of an ideal gas A (at 1 atm) and one mole of an ideal gas B (at 2 atm) are mixed to form an 

ideal gas solution of final pressure of 1 atm. The change of Gibbs free energy due to mixing is given by 

(a)-2 RT In 2 (b) 2 RT In 2 (c) -3RT In 2 

(d) -3RT In 3 (e) None of the above. 

54. At constant temperature, the change of molar Gibbs fiee energy (G) of a nonideal gas can be described 

as 

(a) dG = RTd In P (P is pressure) 

(c) dG = VdP 

(b) dG = RTd In V(V is volume) 

(d) dG =PdV (e)None of above 

55. In mixing of ideal gases, if Pi is the pressure of component i before mixing and pi is the partial pressure 

of component i after mixing, ni and Xi are mole number and mole fraction of component i, respectively, 

the entropy of mixing can be described by 

(a) - C n i ~ h ~ i  
i 

(e) None of the above. 

(b) - x n , ~  l@ 
i 

56. Which thermodynamic function has an absolute value? 

(a) Internal energy (b) Enthalpy 

(d) Gibbs free energy (e) None of the above. 

(c) Entropy 

(d) -z X, R l n ~ ,  
i 

57. During a reversible isothermal compression of one mole ideal gas fiom (P1,VIl to (P2,Vz), the change in 

the entropy of the gas is 

(a) R In (V *N2) (b) R In (V2N1) (c) RT In (PI&) (d) RT In (V1N2) (e) None of the above 



(e) None of the above. 
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5 8. Which statement is correct for ideal gases? 

(a) (g) = 0 
T 04 (g) S = (I ( 4  ($1 V = o (d) (g) P = O  

(e) None of the above 

59. A two- component system held at 1 atrn and a certain temperature may consist of different number of 

phases. Which one of the following can conclude the system in equilibrium: 

(a) the system has one phase, (b) the system has two phase, 

(c) the system has three phase, (d) the system has four phase, 

(e) None of the above. 

60.Which of the following is negative for ideal gases? 

(a) ( ; I p  (b) (g) P ( 4  (5) T 

Questions for (61-63) 
A fust order phase change occurs for element A at 450 K under equilibrium conditions. The high 

temperature form (p) may be supercooled in a metastable state to temperature below the transformation 

temperature. Atomic weight=20 P=l atm; Tum=450 K, pa=5g/cc, pp =4g/cc 

AHt,,,,=500 Callmole (from a to P) 
Cpa=6 (Cp is valid for 250 KCT<SOOK, unit:cal/K-mole) 

cpB=7 (Cp is valid for 250 K(T<SOOK, unit:calK-mole) 

61. What is the AG (Gibbs free energy change)at 300 K for the phase transformation from P to a ?  

(ln450=6.11,1n300=5.7) (a)500 (b) 306 (c)-2 17 (d)-806 (e) - 1020 cal/mole. 

62. The vapor pressure of the a phase is 3x10-~ atm at 300 K. What is the vapor pressure of metastable P 
at300K (a)1.23x104atm (b)2.11x10"atm (c)3x10-~atm ( d ) l . l 6 ~ 1 0 ~ a t r n  (e) la tm 

63. Which statement is correct? 

(a) entropy of a phase at OK is greater than 0 
@) entropy of P phase at 0 K is greater than 0 

(c) Gibbs free energy of a phase is higher than that of P phase at 500 K 

(d) Gibbs free energy of a phase is higher than that of P phase at 400 K 
(e) slope of G (Gibbs free energy) vs T (temperature) is positive 
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Questions for (64-65) 
It is desired to deposit a layer of Sn02 (s) by chemical vapor deposition using SnBr4 (g) and H20 (g) in 

accord with the reaction: SnBr4 (g)+2H20(g)=Sn02 (s)+ 4HBr (g) 

The standard Gibbs free energy of this reaction at 1000 K is 4600 cal/mole. 

64. What is the initial driving force for the reaction (AG) for an input gas composition of 75 % Ar carrier 

gas, 10 % H20, 10 % SnBr4, and 5 % HBr (molar percent), with a total pressure of 1 atrn at 1000K? 

(In 625=6.43, In 0.00001=-11.51 

(a)-5490 (b)-32 10 (c) 6673 (d) 2530 (e) 1285 (callmole) 

65. What is the equilibrium constant for this reaction at I000 K? 

(a) exp (-6.375) (b) exp (3.1 87) (c) exp (-4.673) (e) exp (-2.3 15) 

Ouestions for (66-67) 
CaO and MgO form a simple eutectic system with limited ranges of solid solubility. The eutectic 

temperature is 2370 OC. Assuming that the solutes in the two solid solutions obey Henry's law with Y M ~ ~  

in Ca0=6.23 and the solubility of CaO in MgO is 0.066 at 2300 OC. 

66. What is the solubility of MgO in CaO at 2300 OC. 

(a) 0.25 (b) 0.15 (c) 0.45 (d) 0.65 (e) 0.75 

67. What is the activity of CaO at Xcao=0.5 

(a) 0.85 (b)O.l5 (c) 0.25 (d) 0.65 (e) 0.45 

Question for (68)-(70) 
An FCC phase (P) of an element A has been prepared by deposition on an FCC substrate. The stable form 

of A is BCC (a) at 298 K. Combustion of the P and a phases of A to form AO(s) yields AH values at 298 
K of -52.7 and -5 1.7 Kcallmole, respectively. The third law entropies are 12.8 and 12.0 callmole-K at 298 

K and densities are 7.6 and 7.0 g/cc for the P and a phases, respectively. The atomic weight is 70. 
Assume the volume change is independent of pressure. 

68. Assume ACp=O, what is the transition temperature between a and P at P=l atrn. 

(a)lOOOK (b)1150K '(c)925K (d) 1325 K (e) 1250 K 
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69. What is activity of the a forms at 298K and 1 atm? 

(a) 1 (b)0.95 (c) 1.15 (c) 0.8 (d) 1.25 

70. What is the e.quilibrium transition pressure at 300 K? 
(a) 0.52 atm (b) 39235 atm (c) 0.03 atrn (d) 132 atm (e) 25 atm 

Question for (71)-(72) 
Sn obeys Henry's law in dilute liquid solutions of Sn and Cd and the Henrian activity coefficient of Sn, 

varies with temperature as In =-840/T+1.58 
1 mole of liquid Sn and 99 moles of liquid Cd are mixed in an adiabatic enclosure, and the molar constant 

pressure heat capacity of the alloy formed is 30 JK. 

71. What is the mixing enthalpy? 

(a) 100 J (b) 21.7 J (c) -69.8 J 

72. What is the change in temperature? 

(a) 5.22 K (b) 7.68K (c) 12.51 K 

(d) -37.6 J 

(d) 2.33 K 

(e) -137.6 J 

(e) 0.37 K. 

Questions for (73)-(75) 
Melts in the system Pb-Sn exhibit regular solution behavior. At 746 K activity of Pb is 0.055 in a liquid 

solution of XPb=O.l. (In 55- 4, InlO- 2.3, In 0.1--2.3, In 0.9--0.11) 

73. What is the activity coeficient of Pb? 

(a) 0.055 (b) 0.0055 (c) 0.1 (d) 0.01 (e) 0.55 

74. What is the enthalpy of mixing of the solution, calculated by using the quasi-chemical model? 

(a) -3 16 J (b) -206 J (c) 735 J (d) -4 12 J (e) 749 J. 

75. What is the entropy of mixing of the solution? 

(a) 3.65 (b) 2.73 (c) 6.82 (d)9.52 
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76. What is the temperature at which pure Ag20 decomposes to Ag metal and O2 gas when heated in pure 

oxygen at 1 atrn pressure? The temperature dependence of standard Gibbs formation free energy of 

Ag20 is AGO=-30500t60 T joules 
(a) 508 K (b) 368 K (c) 592 K (d) 1240 K (e) 293 K 

77. Which statement is incorrect? 
(a) The activity of a component in any state at T is defined as being the ratio of the fugacity of the 

substance in that state to its fugacity in its standard state. 

(b) Raoult's law states that the vapor pressure exerted by a component i in a solution is equal to the 

product of the mole fraction of i in the solution and the vapor pressure of pure i at the temperature of thc 
solution. 

(c) In an A-B binary system, if the magnitude of the A-B attraction is less than those of the A-A and B-B 
attractions, the Henry's law line lies above the Raoult's law. 

(d) If a component i obeys Henry's law, its activity is proportional to its molar fraction. 
(e) If a component i obeys Raoult's law, its activity is equal to its molar fraction. 

78. Which statement is incorrect? 

(a) If two phases a and P co-exist in a solution, the chemical potential of component A is equal in both 
phases 

(b) Complete solid solubility of components A and B typically requires that A and B have the same 

crystal structure and be of comparable atomic size, electronegativity and valency. 

(c) The volume of an ideal solution is equal to the sum of the volumes of pure components. 
(d) The heat of formation of an ideal solution is negative. 

(e) The entropy of formation of an ideal binary solution is independent of the temperature of the solution 

79. The standard Gibbs formation free energy of Sn (11, Sn02 (,) SnO (,I at 1000 K are 0, -89200, and -43900 

callmole. The related chemical reaction is: Sn (I)+Sn02 (,)=2Sn0 (,I Eq (A) 
Which statement is incorrect? 

(a) These three substances cannot co-exist at 1000 K 
(b) If three substances co-exist, the standard Gibbs free energy of Eq (A) is larger than zero. 

(c) If three substances co-exist, the equilibrium constant is equal to 1. 

(d) These three substances can co-exist at a specific temperature. 

(e) The activity of pure Sn is equal to 1. 
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80. Which statement is incorrect for the quasi-chemical model of solutions? 

(a) The model is applied to solutions of components which are considered to have equal molar volumes 

in the pure state 

(b) The model is applied to solutions of components which have zero volume change on mixing. 

(c) The interatomic forces are significant over a long distance. 

(d) The energy of the solution is calculated by summing the atom-atom bond energy. 

(e) This model describes that a sufficient condition of an ideal solution is that EAB be the average of E A ~  

and EBB in an A-B binary system. 


