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(1) Find 2 general solution of the third-order ordinary differential equation as follows:
y"=3y"+3y'-y =30e” (10%)

(2) Solve the following second-order differential equation for y as a power series in powers of (x — x,)
where x, =0, ¥'-4xy'+(4x* -2)y =0 (15%)
(3) Solve the following initial value problem by using Laplace transforms:

yn.|_y = 2x, y(iﬂ:) = ‘%ﬂ', yr(_i_#) =. 2 - 'JE (15%)

(4) Find the inverse matrix of the following matrix:

19 2 -9
-4 -1 2 (10%)
-2 0 1

(5) (2) Find the Fourier series of f(x)=x+7, -x<x<x.(10%)

(b) Use the result of () to show that §=1-%+%-;+... (5 %)

(6) The vertical displacémént u(x,t) of an infinitely long string is determined from the initial — value

2

2
problem: CAT ]

. Su(x0) _
or? o’ ot

g(x)

v —o<x<n  u(x0)= f(x) *
(a) Find the d’Alembert’s solution of u(x,t). (10 %)

(b)If f(x)=sin(x) : g(x)=1 : find u(x,f).(10%)

cos28
(7) Evaluate the real integral f"m dé

Hint: Using the Residue theorem, z=¢",0<60 <2x. (15 %)
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. Find the general solution of the given differential equation: (20%)

¥ 3y +3y'+y =16et + x+3

. Suppose (1) is defined for ¢ > (), and its Laplace transform = F'(s}. (10%)
. . 25 -5
Find the inverse Laplace transform: F (S) = -
s +16
) =98]
. Solve the following differential equation for y as a power series y = > @q 7 x" (20%)
n=0
y”+x2y=:0
—nl4, -r<x<0 . . .
. Let f(x)= , (a)Find the Fourier series of f(x) on [— T, 7r]. (10%)
i, 0<x<x
{(b) Using (a) find ! ] + 1.4 + 1 +.=17 (5%)
- —_ — = T...={ LH
s 35 7 9
‘u u
. Solve the Laplace’s equation — +—— =0, 0<x<w,0<y<rx.
ax" Oy
subjectto u(0,3)=1.0<y <mux,0)=0,u(x,7)=0,0 < x <oo;u(x,y)isbounded as x — .
(15%)

. Solve the PDE x% + % =xt, x20, t >0, subject to u(x,0) =0, u(0,) =0,
f

by Laplace transform. (10%)
-} xz

. Evaluate the Cauchy principal value of | ———
=(x" +1)

(10%)
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1. Find the general solution of the given differential equation

dy 2x
() = 1.2 1, y(0)=1 (5%)
) XY -0 +y=xtnx,y(1) =0,y (1) =0 (10%)
2. Solve the following differential equation, where &(¢ — 7) is the impulse function att= 7
y+2y+2y=6(t—-nx) : (10%)
3. Use the Fré benius Method to solve the given equation by power series of (x — x,) where x,=0
xX*y"+(x*+x)y'=y=0 (10%)
4. (a)Use Half-Range Expansion to find the Fourier Cosine Series of f(x), where f(x)=x for
O<x</? (10%)
(b)Use the result of (a) to show that Z = _z (5%)
= (2'1 1) 8
S. Find the eignevalues of the following matrices:
3 00
@ |5 4 0 (b) 374 (10%
a
4 -3 10%)
3 61

6. Find the surface integral ﬂ; F © 11 dA of the vector function F over the surface S , where

F=x22+ey}+§, S:x+y+z=1, x20,y20,z20,

1 is the unit normal vector of S. (15%)
i 2— 2 .
7. (a) Find the gradient Vf', where f=¢e"" sin(2xy) (5%)
(b) Find the directional derivative of f atpoint P in the direction of 5 , where
f=x'-y%, P:(23), a=i+j (5%)
(c) Find the divergence of the vector function F = yzez;' +x22? ic. (5%)

8. Find the Fourier series of the following function, which is assumed to have the period 277 .
x if0<x<rz

_ 10%
/() {7[~—x if t<x< 2rx (10%)
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1. Find the general solution of the given equation :

B e — 00 %48

@x*Y +2xy=%X-1 .oevvviininnnn.. (5%)
B)y"-2y'+2y =e"cos X ......... (10%)
: sin t tsin t «sin t
2. Find (a)L[ - } (b)L[fu - dt] (©) jn_'i“ dt oo (15%)

3. Suppose f (t) is a given Continuous function, b # 0 - Use Laplace Transformation to solve the
following system of equations -

. _{a3 2
{’_“f(t) @+ 07y x(0)=y(0)=0......... (159%)
Y = X + 2ay
4. The Infinitive Series i %1:))2! is Convergent or divergent ? (5%6)
n=1 \1l:

5. Determine the rank of the following matrices:

1 4
3 0 2 2 -

(@ [Al= |-6 42 24 54 ® BI=| o 4 e (15%)
2 91 0 =15 & g

6. Find the eigenvalues of the following matrices:

3 5 3 73 02 -3.7
(@) [A]l=|0 4 6 ) [B]= |-115 1.0 55| ... (15%)
0 0 1 177 1.8 -93

7. (a) Find the divergence of the vector function F = e*(cos yi +sin )
(b) Find the Laplacian V> f , where f=4x* +9y* +2z* (10%)

8. Find the Fourier series of the periodic function f(x), of period p = 2, where
f(x)=-1 for —-1<x<0; f(x)=+1 for O0<x<l (10%)
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‘1. Find the general solution of the given equation:
(a) (x2+2y)dx-xdy=0 (7%)
(b) x’y'+2xy=x-1(8%)
2. Find the general solution of the given equation:
(a) y"+y' -2y =1+x+x* (10%)
(b) x2y"+xy'+4y = ¢nx(x > 0) (10%)
3. Given I“[?J J7 . Find the value ofl'( ] (5%)
4. SupposeLf(t)] jﬁ) Findf (t) (109%)
5. Letf(x)=1 for 0 < x <5. Compute the Fourier sine series of f(x) on [0,5]. (15%)
6. Determine the inverse of matrix 4: (10%)
32 -1
A=10 1 4
1 5 =2
7. Find the rank of matrix A4: (10%)
2 1 -3 4
2 4 -2 5
A=
0o 3 1 3
2 1 -3 =2
8. Let f(x,y,2)=xy—yz, v=[2y2z4x +z], w=[32%2x> = y*,3*]. (15%)

(a) compute gradient of f(x,y,z) : grad f at(2,0,7)
(b) compute divergence of v: divy

(c) compute div (grad f)

(d) compute grad(div ;).
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1. Find the general solution of the given equation :

@ % = 2Ky e (5%)

(b) X%+2y=x2 ...... (5%)

2. Find the general solution of the given equation :

dx

2 : 2
——Zi+gl=(ﬂ-) «+(10%) (b) XZ%{%'+3X

dx
sin t “sint

3. Find @Lsiny OLUEsint) @QU=—) (@ f=—dt (10%)

4. Find f(t) of the following Integral equation : (10%)
f()=e* -2 j: cos(t - u)f(u)du

5. Let f(x)={

(a)Draw

(b)Find the Fourier Series of f(x)

(c)Show

6. Let f(x)

»sin A
k=

the figure of f(x) --

. 1
that : Z(Zm-l)z

> SRR O<x<am

0eeene -wr<x<0

- f(x + 27) = f(x)

<+(5%)

n,2

8

...... (10%)

......(5%)

# |E¥ | H

B yax® (x>0)+(10%)

1---en x|l <1
= {O I | 1 Find the Fourier Integral of f(x) and show that
x| >

i --’;— (10%)

7. Solve the following boundary value problem : (15%)

PDE: —=2—......

ou od%u
ot ox?

B.C. tu(0,t)=0

1C. tu(x,0)=1{x)

O<x<f, t>0-

uw(£,0)=0 -+ 0,

------

O<x<£

8. Find the eigen values of matrix A (5%)

A

1 21
=10 2 3
0 03
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L. Solve the boundary value probiem by the method of separation of variables.
2
%=%,0<x<2,:>0,

u(0,6)=u2,¢)=0, >0, u(x,0)=e*, 0<x<2.

(20%)

2. Use Stokes’ theorem to evaluate iﬁ‘-di’ , where C is the boundary of § and

oriented counterclockwise as viewed from above, F =27 + x+yk, and S is

that portion of the plane 2x+ y + 2z = 6 in the first octant. (20%)
3. Show that f BN dw="e,ifx>0. (10%)
l+w 2

4. The 3D plot of the function f(x,y) = xy and its contour lines are shown in Fig

1 and Fig 2, respevtively. Draw the gradient fields by a symbol of arrow :, *
then list three your observations at least from the fiugres. Qo ")

-z -1 [ 1 1
Fig 1 ' Fig2
4

5. Solve the differential equation EJ % = wyd(x - %) of the beam subject to (0)

=0, y'(0)=0,y"(L)=0,and y"(L)=0, as shown in Fig 3. (20%)
' 4 F(t)

4N N

Fig3 Fig4

kil
2

- 6. Find the displacement x(t) of a mechanical oscillator governed by
mx” +cx' + kx = F(t), where m=1 kg, c=0.02 kg/sec, k=25 kg/sec’,, and F(1) is &
periodic forcing function as depicted in Fig 4. (20%)
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1. Aleast squares line of best fit is used to analyze the following data:

(-2,0),(-1,0),(0, 1}, (1, 3), (2, 5)
Determine which data point is farthest from the line of best fit. (15%)
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2. Find the work done in moving a particle in the force field

F=3x" i+(2xz-y) j+ zk along the curve defined by x* = 4y, 3x* = 8z, from x
=0 to x=4. (15%)

3. Solve for the steady-state temperature distribution in a flat plate covering the region

0=x=1, 0 =y=1,if the temperature on the vertical sides and the bottom side
are kept at zero and the temperature on the top side is kept at a constant 7. (20%)

4. Solve y" -4y +4y=x"'e’. (20%)

5. Solve the initial-value problem: y'cosh®x ~sin? y =0, y(0)=7/ (15%)

6. Solve y{r)=1-sinhr+ Jd(l + ’r)y(t ~ )t (15%)
0
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A cantilever beam 4B of length L = 5 m has a fixed support at 4 and a spring support at B (see
figure). The flexural rigidity of the beam is EI = 1.2 x 10® N-m?. The spring behaves in a linearly
elastic manner with stiffness £ = 5 MN/m. If a uniform load of intensity ¢ = 5 kN/m acts on the
beam, (a) what is the downward displacement &5 of end B of the beam? (b) Find all reactions of the
beam. (c) Draw the shear force and bending moment diagrams for the beam, labeling all critical
ordinates.

Strain rosette readings are made at a critical point on the free surface in a structural steel member.
The 60° rosette (see figure) contains three wire gages positioned at 0°, 60°, and 120°. The readings
are

e1=190pu, &,=200pu, e3= —300 u
Determine (a) the in-plane principal strains and stresses and their directions, and (b) the maximum
shearing strain and maximum shearing stress. The material properties are E =200 GPaand v =0.3.

@% | 7°
o

Forced vibrations of the string of length L fixed at the ends x = 0 and x = L under an external force
acting normal to the string are governed by the equation

2 .
Uy = C Uy + SIN i

Find u(x, 1) of the string of length L, the initial velocity is zero, and the initial deflection is 0.1 sin
nx/L : 955

#—R




4. A pin P slides in the 4 in. radius circular slot cut in a 6 in. radius plate at a speed of 16 in./s and is
decreasing at the rate of 5 in./s%. At the instant of interest the plate is rotating with an angular
velocity of 10 rad/s counterclockwise and is increasing at a rate of 18 rad/s’. Find the x and y
components of acceleration (as in./s) of the pin P at this instant.

5. The T-shaped assembly is made up of two uniform slender rods, each of which is 1 m long and
weighs 20 N. Locate the center of mass of the assembly. Find the moments of inertia I, /,,, and I,
of the assembly about point 4.
If the assembly is released from rest, determine the angular acceleration of the assembly and the
reaction force at point A immediately after the assembly has been released.

J
.—T- y
0.5m Slender rod
Ix=0
'IEA B * ; Lo l=h=gpml’
0.5m
i X

6. By using Green’s Theorem, show that
(a) %cj;xzdy = —cj; xydx = %i(xzdy — xydx) = AX,
®) 4{*dy = - #*yax =4 { Py -x*ydo) =1,
where 4 is the area in the x-y plane bounded by a simple closed curve C, (X, ¥) is its center of
mass, and , is its moment of inertia about the y axis.
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1. Diagonalize the matrix A and find an orthogonal matrix P such that

P AP is a diagonal matrix D. (20%)
0o 2 2
A=|2 0 =2
2 -2 0
2. Solve ¥ = x(x —1) subject to %(0)=1and x(0)= 0. Find the explicit form x = x(1). (15%)
3. Solve the differential equation with variable coefficients . (15%)

ty'_ty,_ Y O’y(0)= O,y'(O)z 4
4. Given a vector function F(x, ¥, z) = p(x, y,z)f % Q(x, y,z)j +R(x, y, Z)E , show that
div(curlF)=0 (15%)

5. Find the work done by the force F =—yi +xj acting along the cardioid » =1+c0s0,0< 6 <27 .

(15%)
6. Solve the differential equation y” +4y =U(t —2x)sint subjectto y(0)=1, »'(0)=0.  (20%)
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L 1= ["—2— 1= (20m)
1 2 -1 2
2. (a) Find the inverse of A= 30 1S (5%)
-2 0 3
-2 -4 1 6
(1 -2 0 3 6]
2 -4 2 -1 2
(b) Evaluate the determinant of A. 4=|3 3 -1 -3 —3((5%)
2 1 5 0 1
1 4 7 4 5|
(c) Determine the characteristic polynomials, eigenvalues of matrix A.
1 2 -1 2
R T
1 -2 0 3
-2 -4 1 6

3. Use Laplace transform to solve the problems:
(a) y"+y=cost, y(O):O, y'(0)=0(7%)
(D) y"+3y"+2y=e", ¥(0)=0, »'(0)=0(8%)

4. Solve xzy"~2xy'+2y=zc3 (15%)

. 0?
5. Use Laplace transform to solve the wave equation LA

ox?

2u

o’

subject to the given

boundary and initial conditions: u(—%,t)=0,u(%,r)=0, t>0 | u(x,O):O ,

u,(x,0) = cosx | —% <x< % . (20%)

3
6. Use Green’s theorem to evaluate (:.fy?dr+(xy+xy2)dy , where C is the boundary
o

of the region in the first quadrant determined by the graphs of y=0, x=3?

and x:l—yz. (15%)
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1. Determine the characteristic polynomials, eigenvalues of matrix A.
1 2 -1 2
0 1
= 3 > (14%)
1 -2 0 3
-2 -4 1 6|
2. 1. Find all solutions of the equation shown. (a) e*+1=0, (b) z2’+(2+3i)=0.
(4%)
I1. Identify the branch points. (a) sinvz (b) z" (c) (6%)
= 7
f cosH+2 (10%)
3. I. Compute the Laplace transform of the following functions. (a) +¥*, (b) |
sin’t | (c) tsinar (3%)
[T. Compute the inverse Laplace transform of the following functions. (a)
1 1{s—a
R (b) ;(s-f- ) (c) m (3%)
III. Solve the problem: yl +y2=—-50052t, y2”+y1=50032t, y,(0)=1,. yl’(0)=l,
»0)=-1, »,(0)=1. (10%)
4, Solvexzy —4xy' +6y =Inx. (20%)

5. Find a parametric equation for the normal line of the surface x2+2 y2+z2 =4 at the
point (1, -11).

(15%)
6. Use Green’s theorem to evaluate i / y3dx+(xy+xy }ly where C is the boundary of the
region in the first quadrant determined by the graphs of y=0 » x = y r x=1- y . (15%)
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