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1. (10 43) Find the general solution of the non-homogeneous linear system:

y.'= -3y, +y, - 6e *!
Yy, =y, -3y, + 2e7%!

2. (15 43) Find the inverse matrix 4" for the matrix 4.

-2 1 =5
A=|1 1 4
0 3 3

3. (15 43) Use the residue theorem to evaluate the integral:

z—1
5 1dz - T is the circle of radius 1 about the original.
L4z +

4. (15 43) Find the Fourier transform of f (x) = X 2o 73l

5. (15 43) Let L[f]=F(s) be the Laplace transform of a function f'(2).
Prove L {J.F(E)df} = —]:-E-Q-

6. (15 43) Let A[ay] be an m x n matrix . Prove 4 has rank r > 1 if and only if 4

has an » x r sub-matrix with nonzero determinant.

7. 1540 Let (f* g )t) = _[Ot f(z)g(t - 7 )dt be the convolution of

function f'and g, prove the convolution theorem of Fourier transform in

the form T[f*g]ﬁx/ﬂ Fi1Fig]
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1. Solve the initial value problem using the method of Laplace
transformations:

(dx
£ oox-3
a7
dy for x(0)=8,»(0)=3 (10 %)
——=y-2x
L dt
11 1 1
. a fr o
2. Please find the value of determinant | . .. . ..|without
a” p7 oy o
a ﬁ3 73 53

expanding. (15 4~)

3. Consider a quadratic form of 5x,°—2xx,+5x," =12, please
transform into principle axis. (15 %)

4. Find the integral (y+yz)dx+(x+ 327 + xz)dy + (9yz2 +xy~1)dz, where
g

C is the curve x® =z on the plane y = 1 from point (1, 1, 1) to
2,1,4). (10 4)
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5.Show the details to transform the quadratic form

O(x) =4xx, +4x,x; +4x,X; into its principal axes. (10 43

6.Solve x(x)=sin 2+ [ x(t=7)sin 2tdz . (13 43)

+1

€ .
7. Calculate ({Zz dz  where c: |z+i=1. (13 43)

8. Solve initial value problem y"+4y=r(@), »(0)=1)'(0)=0

for . where r(t)={1o’ for O<t<l “(14 43

fort>1

CL
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1. (10 43) Solve the differential equation x3y"' +xy'—y=x

2. (10 43) Solve the differential equation Y+ 2y'+ y =_4e_x Inx
. ’ .
3. (15 %) Solve the equation ¥ (?) = sin ¢ + _[O y(r)sin(t-7)dr

4. (15 43) Find the Fourier series of the periodic function f(¢), where

0 -1<t<0

, period =2
t O<r<l P

f(t)={

5. (10 )Let A bean nxn symmetric matrix. Show that 44> —54 +37 is

symmetric.

2z+1
6. (10 4 )Evaluate
(10.7) C}; 2 +4z% +32

dz , where c: ]z] =5.

1- Ex YT LT
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7. (15 %-)For which real values of a do the following vectors form a linearly
dependent set of R® ?

Vi = (_La:_l) , Vo = (a’_1>—1)’v3 = (_13_1)(1)

8. (15 #)Let {u,,u,,u;} be a basis for a vector space U. Prove that {v,v,,v3}

is also a basis, where v, =u, +u, +u;, v, =u, +u,, and v, =u,.
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1.2cosz
1. Integrate |———dz,over

z (z-1
(1) C: |z]:%.(5 )
(2)C: )z 1} 54)
(3) C: 'zlzz.(s 2

2. Let T:R*->R’* be the linear operator given by the formula
T(x,y)=(2x—y,—8x+4y)
(1) Which of the following vectors are in the range of T2(5 %)

T

@[ -4  ®[5 o

(2) Which of the following vectors are in the kernel of 7' 2(5 %)

T

@ [3 2] () [5 10]
3. Let P:R™—>W be the orthogonal projection of R™ onto a subspace W of
R".
(1) Prove that [P]" =[P]. (5 %)

(2) Show that [P] is symmetric. (10 %)




4. Let T:R’—> R’ be the linear operator given By the formula
T(x),%,,%;) = (X, = Xy, %, — X, %, — X3).
(1) Find the matrix for T with respect to the basis z={v,,v,,v,}, where
vi=[1 0 1", v,=[0 1 1", v,=[1 1 0. (5%)

(2)Is T one-to-one? If so, find the matrix of 7. Please explain conclusion

5. Solve the differential equation (10 43)

X*Y' +2-2xy+x°y* =0

6. Solve the differential equation (15 47°)

x’y"—xy' +4y = cos(In x) + xsin(In x)

7. Solve the differential equation (15 43)

" 1,0<t<2 ,
y'—dy=g@), g{)= , ¥(0)='(0)=0
0, t>2
8. Please show (10 43)
[0 , x<0
© COS@WX + @SN WX
— T —_
JO 1+’ C_la)—< A , *=9
re ™ , x>0
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[RAE1) A5 %)

Solve for the differential equation xy'=y+x*+y".

[X=E2) (A5 %)
Assume that a point (x;, y;) is obtained by rotating point (xo, yo) counterclockwise

about the origin with an angle 0, and ’ixl}:A {xo]’ please obtain A and 4”.
Vi Yo

A

P (x1,y1)

% (x0, y0)
-

(X2 3] (15 %)

Solve y"+2y'+5y=¢ *-cosx, y(0)= y'(0)=2using the Laplace Transform.

(XA 4] (A5 %)

Let f(x, y, z)=x*, 2 is the part of the paraboloid z=4—x"- »* lying above the
xy-plane. Find the surface integral [[x’d4 over X.
z

1- ot AR |

!
4.
i



(X7 5] (15 %)
Solve the system of linear differential equations using a matrix method.
X ="2x%x;

x'2 :—4x1+3x2+10005t

[ 6] (10 )

Find the integral | F+dR with C a piecewise-smooth curve from (1, I, 1) to

c

(=2, 1, 3),and F(x, y, 2)=(yz>-1) i +(xz"+¢”) j+(2xyz+1) k.

[X227] (A5 %)
14z

Find the residue of f(z)=———— atz=0.
2(1—cosz)

-2- ... 602
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1. Solve the initial value problem using the method of Laplace
transformations:

(dx
£ oox-3
a7
dy for x(0)=8,»(0)=3 (10 %)
——=y-2x
L dt
11 1 1
. a fr o
2. Please find the value of determinant | . .. . ..|without
a” p7 oy o
a ﬁ3 73 53

expanding. (15 4~)

3. Consider a quadratic form of 5x,°—2xx,+5x," =12, please
transform into principle axis. (15 %)

4. Find the integral (y+yz)dx+(x+ 327 + xz)dy + (9yz2 +xy~1)dz, where
g

C is the curve x® =z on the plane y = 1 from point (1, 1, 1) to
2,1,4). (10 4)

IR BEELX
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5.Show the details to transform the quadratic form

O(x) =4xx, +4x,x; +4x,X; into its principal axes. (10 43

6.Solve x(x)=sin 2+ [ x(t=7)sin 2tdz . (13 43)

+1

€ .
7. Calculate ({Zz dz  where c: |z+i=1. (13 43)

8. Solve initial value problem y"+4y=r(@), »(0)=1)'(0)=0

for . where r(t)={1o’ for O<t<l “(14 43

fort>1
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L. (10 43) Solve the differential equation (X + 1)3y"' +(x+1)y'—~y=3x

1 if O<t<y,

2. (15 43) Solve th ion V'+3y'+2y=r(0), r(t)=
(15 3) Solve the equation Y' +3¥'+2y=r(t), r(1) {O i >,

3. (10 77) Given the differential equation y"+ay’ + by =0 and
(a® —4b)=0, show the corresponding general solution is

_ —ax/?2
y=(c +¢,x)e™"* where ¢, and ¢, are any constants.

4. (15 43) Given a nonexact equation P(x,y)dx+ Q(x,y)dy = 0,

Show that (x)P(x, y)dx + F(x)Q(x, y)dy =0 is exact, where

Flx)=exp | (é (P, ~0,))ds

OP(x,y) 00(x,y)

Note: P, =—>1227 ==
(Note: £, 3y , Q P )
-1-
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(32841 (10 4)
Using the convolution theorem, solve

Y3y +2y=r@t), r()=1 if 1<£<2 and 0 otherwise, y(0)= y'(0) =0

[X# 5] (15 &)

To evaluate the surface integral of F = [32%, 6, 6xz ] across the parabolic cylinder S: y = x?,

0<x<2,0<z<3.

[ 6] (10 o)
Evaluate the line integral with
F(r) =[5z, xy, x*2] = Szi+xyj+xzk

Along two different paths with the same initial point A: (0, 0, 0) and the same terminal point
B: (1, 1, 1), namely (Fig. 2)

(a) Cy: the straight-line segment ri(t)=ti+tj+tk, 0<¢<1, and

(b) C,: the parabolicarc ry(¢)=ti+tj+¢%k 0<t< 1.

Figure 2.
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8. (1043)Let A be a unitary matrix (XT =A""). Show that the determinant of

A has absolute value one, that is |det A|=1.

9. (10 ©)An nxn matrix A issimilartoan nxn matrix A if A=P'AP

for some nonsingular nxn matrix P.Show A has the same eigenvalues as

A

-3- 607



B 2 BERARAT CPFEFALIES RSN 4+ R

IREHZ FARE (EHFT2L248880 > AL 28)
e b RRAEE > R BRARR » TP -
e 2 BRLAELLEREL  BARTHA -

(XA 1] (10 %)
Let f=zy+yx, V=[y,z4z-x], W= [yz,zz,xz], find
(a)gradf and fgradf at(3,4,0)
(b)div ¥ andcurl W
(c)div(Vx W)

(XA 2] (15 o)

T T T

There are four column vectors as v, =[3, -6, 21] ,V2=[0, 42, -21] V5 =[2, 24, O] ,

T
and v4=[2, 54, -15] .
(a) Please show that 1 and y,, are base vectors. (5 %)

(b) Please find thaty, =ay + By, and y,=yy +oy, for a, B, y, wvalues. (10 4)

(A& 3] (10 %)

Solve the initial value problem using the method of Laplace transformations:

ibﬁ:2x—3y

) df ,x(0) =8, y(0) =3.
@ —2x

L dt Y

-1- } 608



(XA 4] (15 o)

(a) Write the equation for the Green'’s theorem in the plane; (5 4%)
o 2 ) =
(b)Proveitusing ' =(¥"=7¥)i +(2xy+2X)] and C: the circle
Xy =10 10 4)

[XAA 5] (14 o)

Solve initial value problem xy”—xy - y = 0;y(0) = 0;'(0) =1 for y(x).

(=8 6] 10 %)

N +—
—_ N

2
Diagonalize and find eigenvector and eigenvalue of |1
1

[ 7] (13 %)

0 for-m<x<0

Find Fourier series of f(x)= { ,and f(x+27)=f(x)

¢ for O<x<nrm
[ 8] (13 %)

sinz

Calculate cj

|z|=2

dz .

22 +1
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1.Let F=(yze™ —4x)a, +(xze™ +2)a, +(xye™ +y)a, forallx,yandz.

(a) Verify that F is conservative.
(b) Find a potential function for F.

2.Let g be a periodic function defined by
g(t)=t* for 0<t<3 and g(t+3)=g(¢) forallt.
(a) Draw the graph of g for —6<¢<6.
(b) Compute the Fourier series of g.

(c) Draw the amplitude spectrum of g for the three lowest-frequency components.

3.Evaluate 4__1/(1+ z%)dz if C is any piecewise-smooth simple closed curve in the

Consider all possible cases, which do not pass through i or —i.

4. Find the general solution y(x) to

y" -8y’ +16y = 8sin(2x) + 3e**.

5. Solve the initial value problem for y(#) with Laplace transform:

y'+2' -4y =1 y(0)=y'(0)=0.

6. Use the matrix exponential to solve the following initial value problems:

2Y(t) = AY(t), Y(0)=Y,.

_ 3 4 _ 6 _ »@®
010 2 »n®
(2) 4={0 0 1}, Yo={1],and Y(&)={y,(
0 00 4 ¥, (0

(5%)
(10%)

(5%)
(10%)
(5%)

complex plane .
(15%)

(15%)

(10%)

(15%)

(10%)
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1. Consider a differential equation as %ﬁ = P(t)(c, — c,P(t)) , where ¢,
t
and ¢, are constants. Find the solution for the differential equation

given P(0)=F,. (10 points)

2.If both p,(x,y)=xy and p,(x,y)= (x* + y2)™! are integrating

factors for the differential equation y'= f(x,y), then what 1s

f(x,y)? (10 points)

3.Let ®(x) and W¥(x) be linearly independent solutions of
y'+ p(xjy'+q(x)y=0 on an open interval . Assume that p(x) '
and ¢g(x) are continuous on I. Then prove that between two
consecutive zeros of ®(x), there always exists exact one zero for

¥(x). (15 points)

4. Solve —t(1+8)y"+2y'+2y=6(t+1); y(~1)= y(1)=0. (15 points)

[
L 4o
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5. Describe all solutions of Ax=0 ina parametric vector form, where
A is the following matrix. (10%)
1 -5 0
. A= 0

2
0

"o 0
0 0

S O O

1
0
0

6. Find the inverse matrix of the following matrix, if it exists. (10%)
1 3 2
0 11
-1 0 1

7. Given a matrix with its row equivalent matrix shown below, decide

bases for Col A and Nul 4. (10%)

1 -3 2 5 1 -3 25
A=|-2 6 0 -3|~|0 0 4 7
4 -12 -4 -1 0 0 00

8.Let A={a,a,,a,} and B={b,b,,b,} be bases for the vector
space V', and suppose that @, =4b —b,, a, =-b +b,+b,, and

a;=b, -2b,.
(a) Find the change-of-coordinate matrix from 4 to B.(5%)
(b) Find [x] p for x=3a +4a,+a,. (5%)

7 2
9. Define T:R*>—>R? by T(x)=Ax, where A=l:

. Finda
-4 1

base B for R* with the property that the B-matrix of T isa

diagonal matrix. (10%)

s
v W
[

[

- .

k) 7

*RARY /&)
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1. (15%) Solve the following systems

x"=2x"+3y'+2y=4

2y’ - x"+3y=0

x(0) = x'(0) = y(0) =0

2. (15%) Find the general solution of

y" =3y +2y=2x+8sin(2x)

3. (10%) For the following equation, write out the first six nonzero terms of a series

solution about 0.

y -2y +x*y=0

4, (10%) Solve the following equation

1 2
Y=-=y"+=Zy =4
x°  x
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5.(10%) Let T :R* — R’ be a linear transformation such that
T(%, %)= (% +%,-% =3%,~3% ~2x,)

Find xe R? suchthat T(x)=(+4,7,0).

6. (10% with 5% each) Let T :R” — Rbe the transformation that rotates each point
“in R?about the origin through an angle ¢, with counterclockwise rotation for a
positive angle.

(a) Find the standard matrix A of this rotation.

(b) Express the matrix (a
b a

), where a and b are both real numbers, in

terms of a rotation transformation.

7. (10%) The set B={1+1*,1+1*,1+2t+¢’} is a basis for the vector space F, of

polynomials up to the second order. Find the coordinate vector of

P(t)=1+4t+7¢ relativeto B.

8. (20%, with 10% each.) Find the invertible matrix P and matrix C of the form

(53

such that the given matrix has the form of A= PCP™.

a b .
( \] for the matrix
b a,

(a) What is the matrix P?

(b) What is the matrix C?

29
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(1)  Find the general solution for the following equation:
Yy +18y0 +81y" =0 (15%)
(2) Find the Fourier transform for the following function:
he)= [ elr)ax  (10%)
(3)  Let u{t) denote the unit step function, find the Laplace transform for the
» following function:
f(x)=sin|3 4-Z u(4t - 67)
6 (10%)
5 -4 -2
(4). Consider the symmetric matrix 4=|—-4 5 -2/, find its orthogonal
-3 -2 8

diagonalizing matrix Q.  (15%)

/b
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sin 2z
5. Calculate the complex variable integral C:f > where C is a clockwise rectangular

C(z+3)(z+2)*

contour with vertices at 3+, -2.5+, -2.5-i, 3-i. (10%)
6. Solve the complex quadratic equation z° — (4+)z+(8+i)=0.(10%)

7. Verify the Stokes’s theorem by the vector function F = y7 + 77 + xk , where , j,and k arethe

mutual orthogonal unit vectors in the X-y-z coordinate system, by the unit circle x> + y2 =1 inthex-y

plane. (15%)

8.Let f(x,y,2)=2x+yz-3)y* and F isthe gradient of f. Calculate the line integral LF‘ d?,

where C is the quarter circle from A to B as show in Figure P8. (15%)

1)
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(1) Solve the following differential equation:
y' -2y +y=e*+x  y0)=1, y(0)=0 (15%)
(2) Solve the initial-value problem:

210 1
xX={2 1 0lx, x(0)=|0 (15%)
00 1 2

(3) (a) Find the Fourier Transform for the following function: (10%)

r(

A
L T,
2 2

1 .
() Let F (5) = s—z(m{) , find the inverse Laplace trnasform f (t)

(10%)

4. Evaluate the complex integral cj»c tanzdz for the contour C in the
circle |z |=3. (15%)
5. Evaluate L(X ~ D) yzdx +cos(yz)dy + x(z ~1)dz , where C is

straight-line segment from (,1,1) to (-2,1,3). (15%)
6. Let V describe the region bounded by the hemisphere

¥ +y*+(z~2)" =9, 2<2z<5, andthe plane z =2 . Please verify the

divergence theorem if F=xi+ v +(z- 2k . (20%)
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(1) Find a unit normal vector n on the plane 4x* + y*= at the point (1,~2, 8). (16%)

(2) Evaluate the integral iﬁdz where Cis (a) |z—1]=1, (b) | z-1]=2, (c)
z(z -2

|z—1[=3. (18%)

(3) Find the probability of P(x>¥) for a Rayleigh distribution
p(x)=2e" x>0.(16%)
v

) [2 10 —5]
(4) Given A=

-1 01 2

(a) Find a basis for the nullspace of 4. (8%)

(b) Giyen that {(2,1,0,-5)",(-1,2,5,0)"} is an orthogonal basis for the column
space of A", find the vector in the column space of A7 that is closest to
(-1,0,0,1)". (12%)

(5) Find the inverse Laplace transform of Y{(s) = 3—2—2 (15%)

s'(s+2)

(6) Given the Fourier transform pair: x(f) < X(®), derive the Fourier transform of

x(at). Also find X(w) when x(t)=e ¥ where c¢>0.(15%)
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1. Solve the following initial value problem: (14 43)

Y +y=r@), r@t)=tifl<t<2and 0if t >2;
»(0)=1,y'(0) =2

2. Solve the following initial valué problem: (14 43)
Y +3y 43y + y =8sin(x), y(0) =1, y'(0) =-3,5"(0) = 5

3. Show that x, sin(x) and cos(x) are _linearly independent. (14)

4. Determine the stability of the critical point and find a real general solution for

the following problem. (15 43")

y; :_2)/1 —6_)/2,
Y, =-8y,—4y,

5.Find the current I(t) in the Fig. 1 with L=1 henry, C=1 farad, zero initial current

and charge on the capacitor, and V()=t 1f0< t<1 and v(t)=1 if t >1. (15 43>)

I

v(t) ' L

c
)

i
1

Fig. 1

6. Find V?f the Laplacian of f(x,y,Z).=c/’f, where c is a constant and

= =x) + (= y)? +(z2—2,)°  (1453)

-1- FERAEEHEL
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7. Find a basis of eigenvectors and diagonalization for the following matrix A,

(14 53)

-25 -3 3
A=|-45 -4 6
-6 -6 8

622
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[ 1]

(@) If X, ¥, Z are three vectors which are not parallel to the same plane, show that
any vector F can be expressed as a linear combination of X, ¥, Z as
FolEY 25 WX EZl5 XY Flz (9 4

(XYZ]" [XYZ] [X7YZ]

(b) If the vectors X =(1, 2, 3), Y=(2, 4, 2), Z=(2, 1, 3)and F =(11, 13, 16), please find

theF=aX+pY+yZ fora, 3 yvalues. (5 %)

[#2] 10 %)
Solve the system of linear differential equations using a matrix method.
y=-l4y +10y,
V2= St ),
y1(0) =-1, yz(()) =1

(X2 3] (10 )

Please find the value of determinant

xX+a a a
a xX+a ... .. a
A.=
a a X+a

[z 4] (10 o)

Solve the initial value problem

2 sin(yz)dx + xycos(yz)dy =0, y(2)= \/;z—/_i

S1- %%ﬁﬁﬁﬁﬁ%é

(«‘ N
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(a) Find the Laplace transform of the function defined by following figure. (5 %)

) 2 if0<t<z

‘I f(6)=10 if 7<t<2z

|
0 o 2{}\_,/:: > sint if t>2x
(b) Find the inverse Laplace transform f( t) of

2 _2e” 4e”, se”

F(s)=% - =5 - + 26— (55)
S § § s+1

[z 6] (15 %)

Evaluate the line integral which are taken around the given contour C in the
clockwise sense as viewed from the origin.

j (sin zdx —cos xdy + sin yd=z)
C

C : the boundary of the rectangle
0<x<7,0<y<1 z=3

(X2 7] (15 o)
Please solve the following Cauchy equation

PD.E: x—a-—zi+ya—u=3

ox oy
Initial Condition :u(1 ,y)=Iny

(X2 8] (15 %)

—_—

Let F=f,i+f, j+fk, then HSF cndd= jjs(f, dydz + f, dedx + £, dxdy).
Using the above theorem, evaluate [ = ”; (2x° dyvdz + x*y dzdx + x*z dxdy) for
S:x*+y’=4% 0<z<bh

624
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1. Prove that if {{t) is a periodic function with period T, then the Laplace

transform of f{t) (15 43)

£ F()e *dr

LI () ]=——=

2. Solve the initial value problem

V'+2y'+5y=4,(0)=0,)"(0)=0, 154

3. Solve the following initial value problem: (20 77)

=y +4y, — 417 -3; y»(0)=2
Y, =y, + v, —t? +2t-3; y,(0)=3

4. For the continuous-time signals x(t) and u(t) shown in Fig. 1, compute the

convolution x(t)*u(t) for all t >=0 and plot your resulting signal. (18 43")

X(t) U(t)
A ry
2 2
» »
0 2 t 0 2 ¢
Fig. 1

HEMARSNEE
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5. Calculate the total charge Q with the indicated volume: (16 73)

0<p<01,0<¢<7,2<2<4;thevolume charge density p, = p*z* sin(0.6¢)

6. Find all real values (ranges) of k which the matrix A has real characteristic

values (16 43)

1 k3
A=~k 2 —k
I k3

2. 626
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TR ERAREEREL BARTFHY

1.Solve the Cauchy-Euler problem x°y" —2xy' +4y =0, (12 43)

2.What is the Laplace transform of the periodic function with period T in Fig.1, (16 73)

t F(t)

0

SR |
|

v

2T

- t
-1

Fig. 1
3. Solve the following initial value problem: (14 43)

Y, =5y, +23, »,(0)=1,(0)=-2,
y‘z = —5yl +15¢

4. Find and graph the result of the convolution y(t)=x(t)*h(t) in Fig. 2. (16 43)

X(t) A h(t) A
-4 1
1.0 1 f' 0 % % Vf
Fig. 2

\ 627
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5. Find the the inverse of matrix A, (12 43)

1 2 0
A=|3 -1 =2
1 0 -3

At
6. Evaluate €  for the given matrix A, where (16 43)

- o &

1
2
3

R
I
o O N

7. Find all eigenvalues and eigenvectors of the matrix A, (14 47°)

N

I
Pk Pk N
NN W
N =

628
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—

(174) Solve (ax+by)dx+(rx+sy)dy =0,wherea,b,r,s are constants, 1f
it is an exact differential equation. What is the required condition?

(17 543) Solvexy”—3y’+2y:0

X
(1743 ) Givend= [—13 24} ,calculate 4", show the details.
(15 43) Given a temperature distribution field described by

f(x,y)=ax’ —bxy?, find the heat flow direction at point (1,2).

(17 43) Solve 4;€—-—~dz,whereC:jz[ =1
& CcCos 7z
(17 43 ) Aperiod function f(s) hasperiod T = = , and within
w
x - 0for— 2 <t<0
interval -~ <r<~ isdefined by f(r)= @ Iy find its
@ @ Esinot for 0 <t <-—
w

Fouries series.

.0
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IRHE AR (RIARPAATRASKER > KREALH)

g IARRFEE > REZAME > ALV o
xR - LEELBEALELS L BRIRTHS -

1. Solve the following initial value problem: (14 43)

xy =4y =0, y()=0,y(1)=3
2. Find a general solution of the following equation. (14 43")

y =2y —y=0,
3. Solve the following differential system wherein a prime indicates

differentiation with respect to t. (15 473)
X +y +2y=sint,
X+y —x-y=0

4. A series circuit in which Q(0)=i(0)=0 contains the elements L=2 henrys, R=4
ohms, C=0.05 farads. If a constant voltage E=100 volts is suddenly switched

into the circuit, find the Q(t) and the steady state of Q(t). (15 43)

2x nx

5. Show that the linear space spanned by the function e*, e™ ,....e

Has dimension n. (14 43"

1
6. If 4=|2
3

LTS 2\ ]

3
1| , verify that (A% '=(A™)* (14 &)
2

7. Find a pair of matrices (P, Q) such that PAQ is a diagonal matrix for the
following matrix A, (14 47)
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(X8 1] (10 »)
Solve (™ —»)dx +(xe™” +1)dy =0

(A 2] (15 o)

Find a general solution of

3 1] [-6] .,
y=Ay+g= 1 =3 y+ 2 €

by the method of variation of parameters

(X4 3] 20 %)
Consider a mass-spring system as shown in Fig. 1, in which y, and y, are the
displacement of masses m; and m,, respectively, from equilibrium positions. The spring
constants are k; and k.
(a) Try to derive the governing equations for this system.

Y

(b) If YZ!\V J, and YHZAY,ﬁnd the matrix A.

2

(¢) Considering the eigenvalue problem and find the general solution of this system
assuming m; =m, =1, k; =3 and k, = 2.
(d) To determine the specific values for constants in the general solution using the boundary

conditions of y,(0)=-2, y,(0)=0, y,(0)=1, y,(0)=0.

Figure 1.

631



(32841 (10 4)
Using the convolution theorem, solve

Y3y +2y=r@t), r()=1 if 1<£<2 and 0 otherwise, y(0)= y'(0) =0

[X# 5] (15 &)

To evaluate the surface integral of F = [32%, 6, 6xz ] across the parabolic cylinder S: y = x?,

0<x<2,0<z<3.

[ 6] (10 o)
Evaluate the line integral with
F(r) =[5z, xy, x*2] = Szi+xyj+xzk

Along two different paths with the same initial point A: (0, 0, 0) and the same terminal point
B: (1, 1, 1), namely (Fig. 2)

(a) Cy: the straight-line segment ri(t)=ti+tj+tk, 0<¢<1, and

(b) C,: the parabolicarc ry(¢)=ti+tj+¢%k 0<t< 1.

Figure 2.
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(A8 7] (10 )
Please solve the following partial differential equation

PD.E: 2—%—3@+2u =2x
Ox Oy

Where the initial conditionis #(x ,y) = x? for the line 2y+x=90

(XA 8] (10 )
Find the Fourier series of the following periodic function

X2 0< x <1
1 1< x <4

f(X)={

633
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1.Solve the Cauchy-Euler problem x°y" —2xy' +4y =0, (12 43)

2.What is the Laplace transform of the periodic function with period T in Fig.1, (16 73)

t F(t)

0

SR |
|

v

2T

- t
-1

Fig. 1
3. Solve the following initial value problem: (14 43)

Y, =5y, +23, »,(0)=1,(0)=-2,
y‘z = —5yl +15¢

4. Find and graph the result of the convolution y(t)=x(t)*h(t) in Fig. 2. (16 43)

X(t) A h(t) A
-4 1
1.0 1 f' 0 % % Vf
Fig. 2

1, 634
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5. Find the the inverse of matrix A, (12 43)

1 2 0
A=|3 -1 =2
1 0 -3

At
6. Evaluate €  for the given matrix A, where (16 43)

- o &

1
2
3

R
I
o O N

7. Find all eigenvalues and eigenvectors of the matrix A, (14 47°)

N

I
Pk Pk N
NN W
N =
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