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1. (15%)Solve 4y¥+4(e*-1)y ~ + e*'y=0
Note: Let t= (1/2)x

2. (10%)Solve y*+4y=3 & (t-2),y(0)=3, y ~ (0)=0

3. (15%)Show

11 1 o1 1

a B v & ¢ =(B-a)r-a)(d-a)ye-a)
a® B 7v? 5% ¢? (7-B)S-B)e-B)

a®* By 8% €’ -7r)e-7)

at )64 7,4 5% ¢* (6-6)

r

1 0 1
Vis | 7= 7] Va8
1 2 1
7 7 L6

5. (10%)Invert the Z transform X(z)=1/(1-az")* ,lz| >a.

6. (15%)Given a joint density function f{x,y).  Let f{x,y)= x(1+3y? )/4 for 0<x<2,
0<y<1 and f{x,y)=0 elsewhere. Find its marginal densities and the conditional
density f{x}y).

7. (10%)Find

(@ @cF - dR, F=<x,y,-z>, C the circle X2 +y* =4, z=0,

®) § S‘:f(X,y,z) do, where f(x,y,2)=y, £ the part of cylinder z= x* for 0<x<2,
0<y<3.

8. (15%)Compute §.f(z)dz, where f(z)=(2jz-sinz)/( 22 +z)and Tisa
closed path that enclosed 0, j, and —j.
Note: §¥x +a2  dx = (172) [<fF+a + a’In(x+] x* +a%)]
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(1) Solve 1y"+(4t-2)y'~4y=0 y(0)=1. Furthermore if y(0) is not known. Solve the differential
equation again. (12%)

(2) Let f (x) be integrable in [—~L L] If f(x)canbe approximately represented as

a, +Za cos(-——-)+b sm(-—--—) find the coefficients a, , a, and b,.(10%)

n=|

(3) Assume that A, 7 and f, are constants S, =10M ,asignal f (t): SI? ikl cos2af ¢t , find the
r?
energy of the signal. (8%)

(4) A vector field V = xz ] and asurface z=4-y* cutoffby the planes x=0,z=0 and y=x as
shown in figure below . If ¢ = ¢, +¢, +c,
(1) find ,7-dR by Line integral. (8%)

(2) Solve (1) again by appling the stokes’s Theorem. (l 2%)

5. Determine whether the following set of vectors is a subspace of R" for the
appropriate n.

(a) S consists of all vectors (2x,0,0,0,0,3y) in R®. (10pts)

(b) S consists of all vectors (x,1,y) in R’ (i0pts)

6. Find a fandamental matrix for the system X ~ =AX with A the giving matrix. (10pts)
1 3
01

7. Find l%_f(z)dz ,where f(z)= 2%/(z+1) (z+31) and T is the circle of radius 9
about -2i. (10pts)

8. Show that u=sin x - cosh y satisfies the Laplace equation.  (10pts)
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(1) Solve
; 1 oo
Y +9y=70s3x ang Ly HyHE K )y=0

where k is a constant (13 43)
(2) Prove Green’s Theorem (12 43)

o lou 1 8
Bor: ror r*06?
u(c,0)=uy 0<0<7

=0 0<0 <7z,0<r<c

u(r,0)=0 ,u(r,z)=0, 0<r<c

u(0,0)<0  (139)

ﬂ(ﬁ . 7)ds

N

- %+ 2 % R . . 3
@F =xyi +y zj +z k evaluate where s 18

the unit cube defined by 0=xs1,0<ysl,0<zs1 (1243)

§2
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5. Find the Laplace Transform of
-2  for 0<t<l

fH=9 0 for 1<t<2
3¢' +1 for t22

(15 53)
6. Find a basis for S, where S consists of vectors in the plane x-y+1=1
(1093)
7. Solve the system X'=AX+H, where
1 -10 d
A= JH=| €
-1 4 e
(15 53)
8. Find the inverse Fourier Transform of
e cos(3w + 6)
(10 43)

s 5H A
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1. (6%) Find the inverse of the block matrix given by

56l

"where 0 is an n X n zero matrix, I is an n x n identity matrix, and G is an n x n invertible
matrix.

2. (16%) Let a 6 x 6 matrix C be defined as

C=1+1
where I is a 6 x 6 identity matrix and

0 0 0 0 0 -1

o 0 0 0 -1 ¢

J= 0O 0 0 -1 0 O

10 0 -1 0 0 O

0 -1 0 0 0 O

-1 0 0 0 0 O

(a) (10%) Determine the nullspace of C and find its dimension, where the nullspace of C is
define as {x|Cx = 0,x € R}.

(b) (6%) Is it true that Cx = b has a solution for all b € R®? Briefly explain your answer.
3. (16%) Suppose A is a 3 x 3 matrix with eigenvalues 1, 2, 3, then

(a) (3%) Is A diagonalizable? Briefly explain your answer.
(b) (3%) Determine the eigenvalues of 2A~1 + 1.
(c) (3%) Determine the determinant of A + L
(d) (3%) Determine the determinant of 2(ATA).
(e) (4%) Determine rank(A3).
4. (6%) Let T be a linear transformation which rotates every vector in R? by 30° in the coun-
terclockwise direction, then projects it on the x-axis. Determine the matrix representation of

this linear transformation, i.e. if T'( [ :; ]) =B [ ; ] for any vector [ Z ] € R?, then B=7

5. (6%) Find an orthonormal basis for the column space of

W/

I
e
[ T > P e B oo ]

L N~ N )
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(6)Let p(x)=-;—e'{x| , —0< X<

Find E[min(x1)]. (11%)

40<x<10<x<y

(7)Let f,,(x,¥)= . , where A is a constant .
0, otherwise

Find the correlation p,, forXandY (13%)

(8) X, Y are independent random variables with Binomial distribution .
where X~B(ny, p) , Y~B(nz, p) . Express P{ X=k | X+Y=n } in terms of
C’l

m+ny?

ct.crt ' (13%)

(9) X, Y are independent random variables and obey the same distribution

a0
p=1° *> Let U=X+Y V=%
0,x<0 Y

prove that U, V are independent (13%)
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1. Briefly answer the following questions. You wili not get any credit if only the answer is given.

(a) (5 points) Consider a 3 x 3 system of linear equations Ax = b, where

123 by
258 and b= | by
357 bs

Determine the condition on by, b, and b3 such that Ax = b does not have a solution.

A=

(b) (5 points) Let A be an n x n matrix with rank r, then which of the following matrices
also has(have) rank r7

3A7, [2A 3A], {2}, [ﬁ 2}

2. (5 points) Let P, denote the set of all polynomials of degree less than n. Now, consider a
subspace V of Py which is given by

V = {p(z) : p(z) = 2°p(z7")}
Determine dim(V).

6 —4}
B

. 4 1
eigenvectors x; = 3 and xp = 1l

3. (a) (5 points) Suppose that A = , then determine « and # such that A has

(b) (5 points) Consider another 2 x 2 matrix B with the same eigenvectors x; and x; as (a)
and with respective eigenvalues A; = 1 and Az = 0. Determine B*°.

4. (10 points) Consider a communication system which transmits the message v and n through
a linear combination with two known waveforms vi(t) and vy (t) by ~yvi(t) + nua(t), where v
and 7 are real numbers, and v;{t) and v(t) are given by

Vi) V()
'y A

-1

The receiver receives z(t) and determines the transmitted o and 7 by choosing v and 7 which
minimize ”x(t) — (yn(t) + T]’Uz(t))", where {y(t)| = /< y(t),y(t) > with < y(2),2(t) >=
J2, y(t)2(t) dt. Now suppose that the received signal z(t) is as given below. Determine the
transmitted v and 7.

x(t)
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5. Consider the partial differential equation given by

P(z,t FP(z,t
65:2 )=n2 6(t2 ), 0<z<a, t>0

where 7 is a known constant.

() (7 points) Find a general solution for this partial differential equation
(b) (8 points) Find the solution with initial condition

®(0,£)=0, ®(a,t)=0, t>0

B 0%(z,1t) _
®(z,0)=0, TLO" 1, 0<z<a
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6. Consider a differential equation of the form
Y1) +4y (1) +4y(t) =2t +1

with the initial conditions y(0) = 0 and y(1) = 1. Please find an explicit solution of this
differential equation. (15 Points)

7. A complex function f(z) is characterized by the formula f(2) = f(z + iy) = u(z,y) + iv(z,y),
where ¢ and y are real-valued variables and u(z,y) and v(z,y) are real-valued functions. If
w(z,y) = &° — 3zy® + 2y, please determine the general expression for v(zx,y) such that f(z) is
analytic inside the unit circle on the complex plane. (10 Points)

8. Suppose n is a positive integer. Please determine all roots of the equation
(=" =[-1)"+Ez- )"+ (z-1)"+1] =0.

(10 Points)

9. A complex function f(2) is defined by f(2) = (T«ifolﬁr)- (a) Please determine residue of f(z)
at 2 = 0. (5 Points) (b) Please find residue of f(z) at z = —~0.5. (5 Points) (¢) Please find

}{: f(2)dz, where C is a closed counterclockwise contour on the unit circle. (5 Points)
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1. (8 points) Briefly answer the following questions. You will not get any credit if only the answer
is given.

(a) (4 points) Let C = AB, where A, B, and C are m x n, n x m, and m X m matrices,
respectively (m > n). Is C invertible? Briefly justify your answer.

(b) (4 points) Let D be a 4 x 4 matrix with real entries. Suppose that the diagonal elements
of D are all equal to 2, i.e. d; = dyy = d33 = dygg = 2 and that D is singular. If we know
one of its eigenvalue is 2 + 7, then determine the other three eigenvalues.

2. (8 points) Let matrix A be de given by

36 2
A=13 21
211

(a) (4 points) Determine elementary matrices, E,, E;, E3 such that E;E,E;A = L, where
L is a lower triangular matrix.

(b) (4 points) From (a), factorize A as A = UL, where U is an upper triangular matrix and
L is as given in (a).

3. (8 points) Consider a linear transformation T

T :R* >R
with
a 2(11
1
a; + 2a
T( as )= 1 5 2
@ ag + 2a3
3 asz + 2a;

Is T one-to-one? Does T' map R? onto R*? Justify your answers.

4. (11 points) Let u be a unit column vector in R® that is perpendicular to the plane U which
passes through the origin. Given a vector x as shown in the following figure.

Suppose that S
A=T+uu”

where I is a 3 x 3 identity matrix.

(a) (7 points) PLOT the vector y, where y = Ax.

(b) (4 points) Is u an eigenvector of A? If no, explain why. If yes, determine the correspond-
ing eigenvalue.

5. (15 points) Consider a differential equation of the form
V() +y' (1) - 2y(t) =€

with the initial condition y(0) = 2 and ’(0) = 1. Please find an explicit solution of this
differential equation.
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6. (15 Points) A partial differential equation is defined as

dulz,y) _,dulz,y)
Oz Oy

+2u(z,y).

The boundary conditions of this partial differential equation is given by
u(z,0) = €* + 27,
Please find the solution of this partial differential equation.

7. (15 Points) It is a well-known fact that a complex-variable function f(z) with well-
defined derivative at a point z = zp may not be analytic at z = z,. Please give such
an example and verify the above property for this complex-variable function.

8. (10 Points) Suppose n is a positive integer and z; is a complex constant. Please
determine the residue of the function €%?/(z — 29)™ at the pole z = z.

9. (10 Points) Please derive an explicit forraula for computing sin~!(z), where z is a
complex number.
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1. (20 Points) Briefly answer the follawing questions. You will not get any credit if only the answer is
given. Each problem worths 4 points.
(a) Let A be an 4 x 4 matrix which satisfies
a; + 22, —4day =0 ,
where a; denotes the it column of A and 0 is a 4 x 1 zero vector, then how many possible
solutions will the system Ax = b have? Explain.
(b) Let B be another 4 x 4 matrix, is C = AB singular? Briefly justify your answer.
(c) Determine the row echelon form of xy”, where x and y are two nonzero (column) vectors in R™.
(d) (¢) continued. Determine the dimension of the null space of xy”.
(e) Find the inverse of the following block matrix
| | a]
-1 H
where 0 is an n X n zero matrix, I is an n x n identity matrix, and H is an n x n invertible matrix.

2. (10 Points) Let P, denote an inner product space which consists of all polynomials of degree less
than n with the inner product defined as (p(z), q(z)) = [} p(z)q(z) dz. Now suppose that U is the

subspace of P; which is given by
U={r(z):r0) =0}

(a) (5 Points) Determine an orthogonal basis for U.
(b) (5 Points) Consider another subspace of P3 which is given by
V = {t(z) : t(-1) = 0}
Determine dim( UNV).

3. (10 Points) Consider the following figure:
Ak
b

B

3
T
1

(a) (5 Points) If all the points in the above figure undergo the linear transformation of 1 V3

Plot the resulting figure.
(b) (5 Points) Is the above linear transformation one-to-one? Is the above linear transformation
onto? Justify your answer.

4. (10 Points) As we learned in Linear Algebra, the adjoint of an n x n matrix A is defined as
An An -0 Am
adj A = 12 A2 . n2
Aln A2n e Aﬂﬂ
where A,;; is the cofactor of a;;. Also, it is known that the adjoint satisfies the property that A-adj A =
det(A)I. Now suppose that A has eigenvalues Ay, -+, A,, then
(a) (5 Points) Determine Trace (adj A] in terms of the eigenvalues of A, where Trace(-) denotes
the summation of the diagonal elements of the matrix inside.

(b) (5 Points) Determine det (adj A) in terms of the eigenvalues of A.
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5. The random variable X is selected at random from the
unit interval; the random variable Y is then selected at
random from the interval (0,X). Find the cdf of Y.

(14%)

6. Let X be the input to a communication channel and let
Y be the output. The input to channel is +1 volt or -1 volt
with equal probability. The output of channel is the
input plus a noise voltage N that is uniformly distributed
in the interval from +2 volts to -2 volts. Find P[X = +1,Y <
0] and the probability that Y is negative given that X is +1.
(14%)

7. A particle leaves the origin under the influence of the
force of gravity and its initial velocity v forms an angle ¢
with the horizontal axis. The path of the particle reaches

the ground at a distance

d= " sin2
= —sin2¢@
g

from the origin (Fig 1). Assuming that ¢ is arandom variable

uniform between 0 and /2, determine : the probability

thatd= d,, (14%)
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8. prove f(x|X<a) = % forx<a

f
And f(x|b<XSa)=F(a)+x;(b)forbe<a

(8%)
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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
[

[

- .

A

*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

o77 -
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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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AirERfEARE
At — S5 EELHEEEA R

hrmsl: BRIBARLE
# B: IREHP

R ARERES 100 £ HIUKHE - FAESER/INE - BAFERER -

-« H—-ERRZANG q ZH AR ETE 2 M TE

y(t) (fr%%)

| q (#77)

— VN m

e . . .

OO O]
777777777777 7
TR

TS R YIRE B R BN TR ¢

d y(t)

+ky(1)=0

Hep y(O)=(IRBEE - =R m~HE - k=HREE -
(1) BRIEBEE—REER TRZIRIZAE  BEFHEEBT? (15%)
(2) ERER N RN LEEFEXTEES

d aym ., dy(t)
dt?

Ellc =2k FAFRREOTE BATHIFAL - BRASLLTRRE y(O2 BB, (T4
RRLSE B » RN T Z BRI - (10%)

——+ky()=0

= ERRESTRIERSER TR TYIRTE

() B IERIEEE - BIE LRFSMENBF =37 -2j + 6k » BB MN - 1§
BEF - Z - AEREFTER Rl AEEESF=T+j+k - &
RIBEHNERELAEAZSTAERMA? (15%)

Q) BHIEEZIEER ST TR HRARE : AP=B -

D 4 2 1 3
Heb @B P=|p, | HEREA=|2 3 1| EEB=|-2]-
Ds 01 2 6

R A ZRSER - FOREhIERE P - (10%)

é: i. 3
=\ LIbuARY/,’
’f,;, . o
K Q&
/// r/cpsw * 3 3
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¥ z A% 2 R

hriaz
# 8B:

RyE2AHERE
At —BEERLHEBAELRRE
yrfhch
IEHS

(1]

- BEIE T B B B FORE -

(1) HLUBE KB T A2 BB FRERG - RIITEE " EEH(vector
field) ; #0 " Wiiif(streamline) | » AERFAME ZABERAR - (15%)

@) BB : Fexi + 7+ 28 » S—Emmns e — @i C B8 -
B CHBMARERE  x=1, y=1, z=r;0=r<1
KU NIRRT 2 (10%)

7Y~ A—EE+ RS 2H » FURUKE R MM + THETE 50 kKN/m? » EEERES 30
kN/m? » A0 FEBIFFR - '

(1) BRFLERAKMES 2 B FIEZAR B (Fourier sine series) 7 (15%)
Q) NEREZREZ AR ELFE - REFRERELLR - (10%)

Sl Sandl 0
...... S.OI(N/.I;Z. . ;.’ R u(z)
I Clay
2H
e 30kN/m?
| AT
z Sand- .-

.........

" .’Pr;z,(*
/- &1" e \

N
i~ @-gﬁf\\v
/;ww"""”'ﬁ

N At
C o Lindadt L

2 \. »
\’J{ ’s"‘{“\'s 3




505201 2 1 gx 1 =
B3RS
At B ALt R4
hermy BRI LB LEA
# B s

EE  AEUERES 100 43 > HIUKRE - SAERER/NE » IO SHERIETR -
—~F-waAEaT
x*y" ~2xy' +2y = 10sin(In x)

dy ., _d'y
x0T ae

Hp x>0 y'= »In BEREB -

(1) HFIREERES 2z = Inx o JGFEHENBREL : SEBKY "8R8
SFHERX . (10%)

) BEE BH =18 y(x)=3> y'(x)=0  BRREM y(x)=? (15%)

= MR A R AX=B
11 -1
12 1
11 k-5

Hepr 4=

(1)  HEBTZGEAAWE—E - A ERMA? (10%)
2 FBrk=3 FRKRAZKIER? (15%)

[l

~ JE 25 BN P BRI B (unit step function)f] T :

u(t—-a)=0 if t<a
u(t-a)=1if tza

() BRSSO =21 - u(t - 2)]- 20 - Dt - 2) - (e — 9] » B S (1) HIHL
ERIREE L[/(0]=7- (10%) (3% Llu@ - a)y()] = e L[y(t + a)])

) BB H AR - MR FE PR R R FOE SRR » 3
BUBEGTER IR R M HEER 7 (15%)

I - H—REs HERI TR o Zz“

RHRE - Eﬁ%ﬁ&ﬁ%ﬁ%&aﬁﬂZﬁﬁﬁﬁ—ﬁ?f&Eﬁﬁ% 1

ﬁqﬂ 0<z<2H » (20 a

- u(z,t) = ZA sm(—-—) exp( —n'n’g t

n=l

(1) BARREIIERRAF © u(20) = u, » REFEIRE 4, =7 (15%)

(2) BB —{EFE A LTRSS A 2R ARRT A st TR2FSIRE - M ERFATENRAT
FHAMED R o FYEERS ? (10%)

P Fod exp AFRIEBIHE -
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A EMHEASE
At =2 FERALELRKA
e AR IEACE - FRITELARE - FRIBRR-E
# B IR¥F

ER: AFERERS 100 53

— ~ 4y L[} £ Laplace Transform ZBERTE -
(1) K& L[y() 6(¢t —a)] » HF 6(-) £ Dirac Delta 8> a>0 - (5%)

Q) —EB 2L - WEHEES 4 - BHENR E 9B aER - HPREaiRRREER - B 2
B — MRS T T LR T RS k = E4/ L - SR AR IBRER «(x) - WRERF
7F C BEmERSEN IR ES w 28I u(2L) = w » 3R Laplace Transform 7 5REEIR(Z B
MY u(x) » &5 L[ f(t—a) H(t-a)]=e-= L[ f(1)] » 1 H(-) £ Heaviside Step function)  (20%)

%4—— L :I: L :||
/4
B - F;A €4 —> x
| AAAN e w o
k=4
L

= B 2x+1)2y"(x) + (10x + 5)y'(x) + 3y(x) = 0 Z@Ef#(general solution)  (20%)

- —HE-EERARERE m BREMEREE HEZI ] F cos(of) ZIFRAERTR -
(1) SRR m, & 8 o BRI ERR BRI IRERS - (5%)
()4 y(0)=y'(0)=0 » ARFERIRBEGH T ZABRE YD - (15%)

{1l

IF > (1)

m e¢——m Fcos(w?)

IY - —PRE r BRI R E BT - SRR e AR RS B R LR LA EATT

(1) Er=08F » AR EIRCIELT
ok A Bhz 1B MR (position vector)

RO)=x()T+y() ] (3%)
() #KE r B 0I@INE 27 r TR - A KM
TR RS - (10%) > x
| t
|

i« EHI— 3x3 4 4 B 3 EARRE B igen-value) - BARIFSER MRS ~ 0 Rib
S A TR TRUER: AT =T+ ATy = 3~ RATs =~ + S
(1) Bk A ZFPEISERE WL ~ 7, R s FOT RS2 e B (eigen-vector) » (15%)
() BR lim(4-1)" » e (DRFSIEIERIE - (5%)

«7
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RiEBHEAS
At OEEFEFELHEEEARRA
s AR IRAMLHELE PRI ARAIHERE - FREIEAA LTI LA
#+ B:IREHE

EE: ASERS 100 5

— AFIERS 322+ xp? —xzy"‘“%=0 :

(WERZ2E o ATFEHREIES 522 (Exact Differential Equation) = (5%)
QBRI ZAER KD FTERZE y(x) - (10%)

= - BFE (1) 2 Laplace Transform E&ERERE L{f@)]=F() »
B 4% #a(Inverse Laplace Transform) SE& 5 L [F ®))=r@ -

1) K L‘l[—~——s } . (5%
ks Zxast20) &P

ﬁ*E{JL}°G%)

2
( s+1

~—

(3) LA Laplace Transform f# y'()—4y(®)=1; y(1)=0 : 120 GE:HMFERTFES) - 10%)

2
= —WEZFEARS + =4 S CRBERE LA

( FEREES(1,243) ) Z ¥4 (Normal Line) ZIFHEHFTT -
() Bk C AR . %)

X
e ay = E \
(2) HRWEESZ BB ( BEREE(3,43) ) A (1245)
Bl ESR C 2 BSRIERE d - (10%) B: (3,43)
7Y - R SRS ER » Hp &y, ko, by BE—ESRCERIYE > B k=2N/m >
ky=ks=1N/m- % F\, Fy, H 3 BERRE—E=87 1 Bt =B B EIER 2 BREROT -

k,+k, —k, 0 || 4 F F;

—k, k,tky =k, ||u, F, B2 KU=F K3
0 —k, ky || u, F,

E ~ ST Do Fa

K U F .
ka

HoP w1, g, 1 BE— B SAEIBEHI - Fi
ki

(1) R K 582 158 {E(Eigen-values) F 43 # 5] & (Eigen-vectors) » (10%)
Q) KEKZRGERE K » WRHE Fi= F= F3= | NS BEZ B w, w2, us » (5%)

AN
v
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BiEBHHEARE
At B R AE A R
LA ¥R IRAELH A  $RIBEAAIERE - FRIRAAIIRE
# B:ITEEE

7 - ZEENE

b B B RAR

WRHNAD AfER T BB ARERAT ¢

k
i AYAA ==
1
[N
[0

dlx(r) dx(t)
m

m > f(t)
dr’

+hkx(t)= f(2)

Heb 2R > m, o k BB FAMCEE - [HERSE  x0RRH AR -
() BEm=1c=1k=1  ZREFIERES x(0) = 1, dx(0)dr = 0 (FIREBE) - EEANEAT
(fD=0) > RERMZNIEIE x(), 120 * (10%)
() FHEm=1,c=0,k=1 RFFEHREES x(0) = 0, dx(0)/dt = 0 > HHIEFE A1) = sin(w?) -
A o SAERZRRETRIIRESR ? TREEL RS T BRI x() - (10%)

N BRTEPZHER

q(x)

T<—} !——PT

X=-2 x=2

HRFREREIN S T REEWE ¢EA T EEBHZ HERS

T d- _v(ﬁx)
dx”

=q(x)

Heh v R IR EEBY - RS AEMESMEEE x=2 Ex=2 Z{E -

UL AEZMR EEREESEH v(-2) =y2) =0 - BETE q0)ZHMENT :
S ~l<x<1

9= 1<x<22<xs1

() EKRE g0)Z EITZERE (Fourier Series )  (5%)

) BHT=1FIHOZER  RELBEEEST () - (10%_)
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B3 & A A A+ B9 R L i A A

RATAEA] D BREIABIELE - A A

#+

B ILiEHSP

[1]

~ (1) LA Laplace Transform 3E3REEy"(x)+p(x)=1; ¥(0)=0, y()=1- (10%)

() BEHf(HE—EERFREMETR
243K f(1)Z Laplace Transform L[f(9)] - GEER/ELEEHIIEY) (10%)

A
|
1
2
1
i 7L
8 16
L 5 >t
1 2 3 4
C BR—ERATE: y()=222 . 15%)
x—y+3

. —FERCZHEARC +L =4 >0 BANACZ—RSHBEERR(.0Z

P RS SURILYTR S R TR R - (15%)

- BAAHE AR

08 02 0
02 06 02
0 02 08

() BHERESEEN %)

Q@) REBEFGBEE (5%)

(3) BRE A EMB AL IR 2%)
(4) K 4™ (5%)

(5) KL RERHTII 2%)

A:

© BRUUTTHEEMSHFER

WD K y"+y+y=xZBHFE (5%)
Q) HEEVAERE y"+2y+y =1 y(0)=1y'(0)=2 (7%)
(3) PUE= 53 AR ERESE « KIHERERFEE ? 5HRHAC (%)

BRI ERNOn] S HEHIERE

0 1<x<7
J)= {1 0<x<l
(1) KRB IR IESLAR B (Fourier sine series) (6%)
() KB B B IERR TR B(Fourier cosine series) (6%)
(3) FEBIRV)EQFTBEIIRB » Ex=0 x=nZBHE? (5%)
(4) 5 SH B BB [0, R FEIERSY - EE A YRR BT R BR S — 1R ¥ $PEIEE
EAE0 | EEETRS » B RS I TERERE T —EFAE ? WM 3%)
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R HRRKEATNEFERA TR ARKA

RAFER  BRIfLAAIHEZEA A KA

#+ B: TREHE

g 100

— A TYIVIAERBECE y(x) - (15%)
y'(x) + y(x)tanx =sin(2x); y(0)=1 -

— « &8 f(1) = Laplace Transform EEREE L[/()]=F() »
B 5pitE i (Inverse Laplace Transform) ZEEXRE L [F (s)]: @) -

- _ |
gk LH—m| - 5%
() &K [s(s“l)} (5%)

@) 3R L“Li 2] . %)

A BEKL ] (%)

(4) B2 Laplace Transform & /(1) + (0)=1; (0)=0 » 120 GEHMHERTEHR) - 6%)

i

. EA—hiE C w BBETE C:x(t) = 2cos(t), y(t) = 2sin(f), z =2, 0t 532’— ,
B Mg & B A B (mass density function)& p(x,y.2) = xy (g/em)

(1) BB xp-z 2 =EZEFEE - R C - (3%)
(2) FAKMIR C ZEE m - (6%)
() Fkdhig C LEEDPL (%.7,2) (6%)

Y - FELITEEHERE
my"(t) +cy'(t) + ky(t) = 1 (¢)
HepEE m=10kg » BII{RE k=40 N/m - B THIRRE -

(1) Z5WAE{REL ¢ = 10 Nsecond/m » SFIEERGZIAELL (= FFE/ESFEER) B%4 ? ILFEHRR
FRIEERE? (3%)

(2) ZFAIEHREL ¢ = 10 Nsecond/m » FLAEATIVER (1) =0 + 7E(0) =1, y'(0) = 0 ZATBIRE T » ik
ZIHE ) BIT? (9%)

(3) Z5BHBAREY ¢ = 0 N-second/m » FTIRAMZ LIFERSMA (ML) ? (3%)

e 589
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IEBHRRERTANEREALEL AR

heran - BREIfAELIHLE - AA - RS

B: IE#SE

h - BFRLT Gk
211
A=1 2 1
11 2

() Kt FREZ BB ERE (eigenvalue) EIEHIFEZ [EH MR (eigenvector) - (10%)
() #FHB=U"AU » HhU BEEMIEFE (non-singular) #93x3 77k » 55/ B /21T
(determinant) E%4> ? B HEEARIBIESD ? (6%)
() EB=UAU" » HhU BB 2x3 A UL (rank) B2 U BU ZHEEER - 5B Ak
ZHREEHL? (2%)

75 (O KB BT EERENG (Fourier transform ) EEHE  F(w)= Tff(t)-e"“”dt

HERLUUTHSHER
Y0 +2y()=g()

(1) %5 g(t) = 5(t) ( 8(¢) MK FEEBY Dirac Delta function) » T8 7B MRS R MHCR LR Bt
FEy(0) = (7%)
@) FE g =e"HE) (H()E Heaviside B ) » AL IE y() T e H(r) EE—HE R(1) Z FETR
(convolution) + SRS R() BB ? (5%)
() H g =€ H(t) » FHEMIREITIE y(1) 2 IR Y (0) BAT ? (5%)
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BB BEARHN+ELEERAIREERA

RAFE%  BRIfABLIYELE S A Ra

# B TREH%

d
— . —marERs 3y —1+12xy3$y=0 .

(OB HE B BIES FTE T\ (Exact Differential Equation) = (5%)
Q% y(2) =1 > FRBOZERERMD HERZEy(x) - (10%)

= - &8 f(1) 2 Laplace Transform BEARE L[f(0)]=F(s) »
B H3d#Eia(Inverse Laplace Transform) E&E L [F (s)] =f() -
0 ;r<2

Ak L > (8%
112622 sk /0] @

(1) ﬂf(f)={(

(2)#X LA Laplace Transform 3K y"(£) +3"(¢) + 3)'(£) + y(t) = 6(¢); £ 6(1) £ Dirac delta

function » 3(0) = y'(0)="(0)=0 + 120 GEEMFERFID) - (7%)

= —3-DHEEEF =-2xi-ze j+ (2z-Dk
(1) 58K F 2 divergence VoF - (5%)

Q) HKFZ cal VxF - (5%)

(3) ARTEHES I = [[FoN do 2 - £ T BEHEFE L 4 HRE
(R AED - f DEC - T CEB »  BEA Z#18) + N BEREL S Bk - (10%)

B(-1,1,0) A(1,1,0)

» X

C(-1,-1,0) D(1,-1,0)
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IERHARBRAEN TR FEA LT A LA
AArsl L R2RIfLAMBLILHE - B ki
# B IiR#%

(1) AS—E2x2%5EM  FEMA KL
i3
A =
1] |2

YRR A B—AREEE - LHENERREECRBER S D ? (5%)
) EE(YINEFZ AER-GERI4 2 EER AZBEAE? 52 BRESRER S ?
BAR  FFRHEBATE ? (5%)
(3) 2x B MRS R BRI -1 HARS R R B IR 1 82 2 5ok B 4Bk 7

(7%)
O

], 4

Hepa+y=10f+5=1  HBPKF"1"LE C EEN—EREE - (6%)

ﬁ N
(1) & fORLUT B8

-1 -n<x<0
S(x)=41 O0<x<m
0 ‘x,>7t

FRLUE T ZEHR B (Fourier series)7E[-n,n] &t R AX)EREL - (8%)
Q) HER(DHEHEFERBIBE g(x) » HE g(0)=7 » gn)=? » gO)RFEHL A0)AHE ? g(n)
G AEE ? BAFE? (7%)

.
N

(1) BRI IRE YO
Y (0)+93(1)= (1)

Hep r B - T AOZREEA - B RIRS S HRIER (E{j HZ) ? (5%)
@) FIAQ) > BEE MRLUT 2 IS S ENIRER ? THEEEREE - (7%)
A f(t)=sin(%)
B.  f(r)=cos(3r)
C. f(r)=e™
D. f{)=e™ (i=J-1)






