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一、單選題 (30 pts) 

 

1. The wavefunction: 
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 is usually named as the hydrogen orbital of  

(A) 2s  (B) 2pz  (C) 3dz2  (D) 3pz  (E) 4s  

Ans :B 

 Which of the following is an allowed energy value of a quantum mechanical harmonic oscillator?  

(A) 1.50 h (B) 0.0 h (C) 2.0 h (D)  h (E) 0.75 h

Ans :A

3. If the transposition of A gives the inverse of A, then must be what kind of matrix?  

(A) symmetric  (B) diagonal  (C) hermitian  (D) orthogonal  (E) skew-symmetric 

Ans :D 

4. If the reactant of a first-order irreversible reaction becomes 50% of its initial concentration in 10 

minutes, how long does it take for the reaction to >90% completion?  

(A) 15 min. (B) 20 min. (C) 25 min. (D) 30 min. (E) 40 min.  

Ans :E 

5. The ellipse of the form 17x2 – 30xy + 17y2 = 128 has a semi-long axis of ?  

(A) 8  (B) 6  (C) 4  (D) 2  (E) 12 

Ans :A 

6. Which of the following is not a linear ODE?  

(A) y"  exy = 0 (B) xy''' – 2x2y'' = cos x (C) y'' – yy' = y (D) y'+3y =3x2 (E) y"  y = exy 

Ans :C 

 

 

二、計算題 (105 pts) 

 

1. Please solve the following ordinary differential equations. (10%) 

 (i) y''  4y =16 cos 2x, y(0) = 0, y'(0) = 0  (ii)  y'' y' + 9y = 0  
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2. A = 
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 Please find (i) A × BT (ii) A1 (iii) det (AB) (15%) 
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(ii) 

det(A)=10 
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(iii) 

det(A)=10   det(B)=9 

det(AB)=10x9=90 

 

 

3. Please derive and solve the integrated rate laws for the reactions and plot the concentrations of all the 

species as function of times. (initially [A] = 1.0 M, [B] = [C] = 0.0 M) (20%) 
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 k1 = 2, k2 = k1 = 1 (1/sec) 
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由起始條件: A(t = 0) = A0 , B(t = 0) = 0, c1 = c2 = 1/2 A0 
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4. A =
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, find the eigenvalues and eigenvectors of A. (15%) 
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5. Please prove (a) if B is similar to A, then B has the same eigenvalues as A (b) An orthogonal 

transformation preserves the value of the inner product of vectors a  b. (10%) 

 

 

6. Find the positive solution of x3 + 2x – 1 = 0 using fixed-point iteration and Newton’s methods (4D) 

(10%) 

 

 

Newton’s methods: 

23)('

12)(

2

3





xxf

xxxf
 

23

12
   

2

3

1



 

n

nn

nn
x

xx
xx

 

#  453397.0

453397.0

453467.0

464935.0

6.0

1

5

4

3

2

1

0













x

x

x

x

x

x

 

 

Fixed-point iteration 
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7. A function f such that f(1.0) = 1.00, f(2.0) = 1.4142, f(3.0) = 1.7321, and f(5.0) = 2.2361. (i) Can you 

recognize what type of function f is? (5%) (ii) Find a third-order polynomial function that passes the 

four points. Find f(4.0) and compare the value with the correct values if you can answer (i) (10%) (iii) 

Calculate the integral  f(x) dx numerically from x = 1 to x = 5 using the Trapezoidal and Simpson’s 

rules (h = 1.0), and compare your result with the correct one (10%). 

 

(i) 

xxf )(  

(ii) 

2.2361)(             5

.73211)(             3

.41421)(             2

1)(              1

33

22

11

00









xfx

xfx

xfx

xfx

 

332211003 )( fLfLfLfLxP   

25.0)4()5)(3)(2(
8

1

)51)(31)(21(

)5)(3)(2(

))()((

))()((

302010

321
0 









 Lxxx

xxx

xxxxxx

xxxxxx
L   

1)4()5)(3)(1(
3

1

)52)(32)(12(

)5)(3)(1(

))()((

))()((

312101

320
1 









 Lxxx

xxx

xxxxxx

xxxxxx
L  

5.1)4()5)(2)(1(
4

1

)53)(23)(13(

)5)(2)(1(

))()((

))()((

321202

310
2 









 Lxxx

xxx

xxxxxx

xxxxxx
L  

25.0)4()5)(2)(1(
24

1

)35)(25)(15(

)3)(2)(1(

))()((

))()((

231303

210
3 









 Lxxx

xxx

xxxxxx

xxxxxx
L  

992975.12361.225.07321.15.14142.1)1(125.0)4( P  

24   



誤差：2-1.992975=0.007025 

(iii) 

Simpson: 
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Trapezoidal: 
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