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Formulate a boundary value pm‘:]em model of heat conduction in a slender bar of

tength L if the lelt end is insulated and the right end is kept at temperature 7. The
initial iemperature in the cross section at x is 7{(x). (5%)

2. An elastic prismatic rod is vibrated in longithdinal direction by the wave equation
as the folloveng. IF at tme zero, the tod is stretched by a differential deil'ormatmn
and released from the static staje.
it~y = 0, fore>{) <x<[f
1,06, 5 =0, w AL, theQ,  for 120
ulxdhy=il +ajx, wix,0v=0, for 0<xs L

() Geve g word siatement of the constant ¢, 3%

(k) Find 1 series solution. £15%)

3, The sate of stress in a plate lying in the X-y plane is given o, &, T, . Using
Hooke's law. the strain stress reiation is {2} - {3{tah, where [5] is the
sompliancg matig

{a) Caleulate thg iverse matew of 187 (7%
(b} When the suuinare 2 =1, ¢ =2, &, =3 ond the Poisson ratio is v,
{ind the plang stresses. (5%
| 1 T
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| £ |
The stress stote b uopoinl a machine slement with respect to a Cartesian
coerdinaie system i3 @ =l o elie meige s 3,.5'__4_. =1{,o, =3 (MPa).

(ay Write the stresa tensor in mastrix fonn. (5%
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(b) Compute the principle stresses and corresponding directions. (6%

5. Find the general solution of the equation; "= L Ei (8%)
£ ¥

0. Analyze the quadratic form f(x,,x,) = 3x? +3x) +2xx, .
(a) Find the standard form of f(x,x,). (5%)
(b) If f(x,,x;) =4, draft it in the principle axes. (7%)

7. Find the standard form of the gquadratic furm]: ~2x,x, + 2x; . (6%)

8. Find the general solution of x*;"+xy'+dy = f(x},
(@) if f(x)=0;(4%) (0)if F{x)=sin(2lnx). (8%)
9. Solve the differential equation {84%4)
YWhy'=0,with w =0, +'{2)=0, ¥i{dy=-1.
L0. Solve the differential equation
; [0, O=r:sm
Yay=-

" |3eost,  mat
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1. [15%] Consider the driven mechanical oscillator governed by the differential equation

mE + ¢t + kx = F(t)

where m = 0.4kg,c = 5N — s/m, k = 1400N/m, and let F'(t) is a periodic excitation force

F(t) = 2 O<t<r
| -2 m<t<2r F(t+2m)=F(t)

Find the steady-state oscillation?

2.[15%] (a) Draw a labeled sketch of the graph of the function f(t), where H (t} is a Heaviside
function (unit step function).

(b) Find the Laplace transform of f(t)? f(t) = H(t — m)cos(t)

3. [10%] Solve y(t) in the equation

y:t—gﬂwﬁxr~ﬂw

4,[15%] The one dimensional heat equation subject to the given conditions

w(0,t)=0  wu(L,t)=0

w(z, ) = /2 0<z<L/2
Y 0 Lf2<z<n

(a) Write out the differential equation (b) Solve the temperature function u(zx,t) ?

<HWE F-H>
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5.[10%] Solve the differential equation

d2
E—;g+7r2u—1=0 O<z<l

with boundary conditions

6.[10%] Determine a formula for the k£ — ¢th power of the matrix
7 -1
6 2

7.[15%] Find the general solution to the differential equation

A =

dy 2z+y
dr ~ 2y—=z

8.[10%] Find the directional derivative of W = z%y + 2zy® — 2% at (1,2, 3) in the direction
d=1i—27+2k

<HWHE F-H>
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1.[10%] The austenite state of steel with 750°C is quenched with 200°C media
by the following Newton’s cooling law. During the first 30minutes, the metal
is cooled down to 300°C

T
— = k(T - 200)

where 1" is temperature of the metal, ¢ is the quench time, and & 1s the
proportional constant.
Determine (1) the constant k(1/min)

(2) the temperature after the first 60 minutes.
2. [15%] Solve the given initial-value problem

% = 2z~ 3y
—C% = z—1
z(0) = 0,y(0) =0
, 3.110%] Matrix
i e
-10 -5
Determine (1) the eigenvalues and eigenvectors

(2) AIO
<HZH E-H RBHIIEHE>
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[10%]A linear system Az = B

4 1 3 3
A=11 3 -2 B=| -7
2 -3 7 19

Determine (1) the rank of matrix A
(2) solve the unknowns
(3) sketch the solution in Cartesian coordinates
[10%] The homogeneous circular disk of mass m, is located in the z —y plane
and described by 22 + 42 = R2.
Find the mass moment of inertia (1) I, (2) I,

2?4 y? = R?

7.110%)] The three components of velocity in a flow field are given by
we=gl 4yt + 22, v=goy+yz+2°, andw = —3zz — (#%/2) + 4.
Determine (1) the volumetric dilatation

(2) the rotation velocity.

8.[10%] A plane contains the given points (1,3, ~1), (0,1,0), (0, 1,1),

Determine (1) the normal vector
(2) the equation of the plane

<HZHEH BEZF KRBT IEEE >
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9.[15%] A torque is applied to the free end of a circular shaft and suddenly
removed. The shaft is elastic rotating deformation with fixed end at z = 0,

and free at z = 1. Via nondimensionalizing, the governing equation is given
by

520 9%
8z ~ 92
where 4 is the vibrating rotation angle, ¢ is the time variable.
The initial and boundary conditions are

99
00,)=0 (1,5 =0

6(z,0) = Gyz %?(3:, 0) =0

Determine (1) the vibrating mode shape function for the shaft.
(2) the 6(z, t) at the free end (= 1)

SHAZFR - EZH > BMBRAIEYS >
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1. RS RER vy + 2y’ +4y =0
2. fE v +4y' +3y=0;y(0)=3,y(0)=1

3. EALEFERIE y+ay =0 » B w0 = w(L) =0 » Hr 1 BEEE
FREH y(x) =7

4. f(z):dﬁﬂk]z |, BT z = 019 Laurent Series RS -

5, ﬁﬁﬁ—?ﬁﬁﬁ%ﬁﬁ yn263x+2y °

6. —HHEIAEAR 22 —x* +y7 =0. KEIEEE (3, 4,5 W EAEARHLE
MR LRI -

7. REFAMEZERES [[7-dd=? Hf > W8 7= (Qx3y.42) > BIEARHE
S:x*+y*'-z=0H0<z<1 « fon | BHEEERE =13(EHEE)* S -

8. e cos(bt) 7 Laplace Transform » Hh o, b BECE] -
2 1 =
0. BRIA-|] )| KA BRI AT -

10.B41 A=x2"i-2xyzj+2yz k+ SRYE P(1 > -1 » DEEZHEEE VA
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1. fmsaFX y” + Sy' 4 6y = e"?‘t 2z i 2 (general solution) < (15%)

2. kmEpaFeX y3y+2y=6(t-1), y(0)=0,y'(0)=0"
EdS(t-1) 2B dmk - (15%)

11 -4 -7
3. MEER A=|T -2 -5|#45% @ (eigenvalues) #1454 & & (eigenvectors) - (15%)
10 -4 -6

4, WpEmk - KBTI FEL - (20%)
J&l = "'4.7C1 +x2 —§-JC3

.?232 :'—JCI ’i‘st ’"’"x?’

Jb3 = .)C2 "‘"‘“3X3
5. KNG F=xT —2f +2xvk W y=2v rz=3y > B y=1 B] y=2 A 413 - (15%)

\ Cout 0% , ,
6. BRikE TR —57 =c gx—E Z D’ Alembert solution ¢ (20%)
f

FRGEM —O<X <0, >0

ket u(m0)=f7x),%¥(m0):g(x)c
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