RETL: P RAFRIFACF TR T 1REF | pHRE

A1 4% %

04~97 B & B
1883 v 4

413




94

20 14: 00~15: 30

/ /
1 1
1. Solve y'—4y +4y=(x+1)e* (10%)
2. Auniform beam of length L carries a concentrated load w, a x=L/2.The
beam is embedded at both ends. Use the L aplace transform method to solve
4
the differential equation El % —w,S(x—L/2), where 5(x—L/2) isa
X
Dirac deltafunction, and y(0) =0,y’(0)=0,y(L)=0,y'(L) =0 (15%)
Wo
L
3. Expand f(X)=x>,0<x<1,inaFourier Sine series. (10%)
4. (@) Describe the orthogonality of the Sturm-Liouville problems. (5%)
(b) Solve Y'(X)+92y(x)=0
y(0)=0, y@)+y'(@)=0 (10%)
5 Given V,=€-&+6,V,=€+6+8,V,=€ -6 -¢&, and

8=i+j-k,&=i-J+2k,e =i —2]+k,where i,j,k aretheunit vectors of
the orthogonal curvilinear coordinate system.

(1) judge whether {V,,V,,V,} isabase or not? (10%)
(2) if the answer of (1) is“yes’, find the reciprocal base of {V,,V,,V,} ; if the
answer of (1) is“no”, explain why {\71,\72,\73} cannot be a base. (10%)

Find the solution of the following integral | = J'Ccschzzdz,where c:l7=1 (15%)

Solve u, =u, +F(x),with B.C. u(0,t) =0,u(L,t) =0, and u(x,0) = f(x), where
F (x)and f (x) aregivenfunctions. (15%)
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1. @ Green's theorem in the plane ” oF, ok
ox oy
(b) R C R
2
2. xzd—g—xﬂjtyzlnx
dx dx
-1 1 0
3 [Al=[1 -1 0 (eigenvalues)
0O 0 O

4. (@ < x<I
(Normalization)

() f(x) -I<x<l

f (x):%+ian cosr]—”x+ibnsinnl—”x, —l<x<I
n=1 n=1

6. (a) f(z)=—~—— 2=0 1<|7<2

mr . nr
SH lcosl— x,sml— x|m, n

(eigenvectors)

Laurent

C |4=R 1<R<2

jdxdy = [j] Fdx+Fdy (15 )

1
AZEE& xdy — ydx

5 )

(15 )

(15 )

9

9

(14 )

(9

(9
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1 e Y+HTOy=0(4) (15%)

2. &% Laplace 3 48 & & f2.5¢

» t
y(t)=e" +IO y(u)cos(t —u)du (15%)
3. £2°-xy=24(122)g1t 2 TG 2 2R 2 (15%)

4. F# A~ jsc(y + yz cos xyz)dx + (X + Xz cos xyz)dy + (z + Xy cos xyz)dz

fdocnz=0T5 12 R 4Ax° +9y° =36 (15%)
0 —-1<x<0 _
5. & f(X)= l-x O<x<1 2_ Fourier & # (20% )
6. fz> 23
ou , o4
kg w0 =u0n=0.ux0=f(X)  (20%)
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1 -1 0
L@ 4 2 [A]=|0 1 1| e # gci# (eigenvalue) v # e » £
0 0 -1
(eigenvector) © (15 )

2. gé.ﬁ[[js(xhyﬁle)[ﬁdA, #Y S LE=> 34 0<x<l>O0<y<l

O<z21*THEEHF £ 5 o (15 »)
3. fI* F iz £ y'+2y' -3y=8e"2 % - (15 »)
4. FF x*y"-5xy’'+8y=2Inx - (15 4)
5. # ]‘\I L dx =7 Cauchy principal value - (20 )

x +1)(x2 +9)

6. FRT G > N2 7

2
ka—l::a—u, O<x<L, t>0
ox- ot
u(0,t)=0, u(L,t)=0, t>0 (20 )

u(x,0)=f(x), 0<x<L
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. Solvethe following differential equations:
@ y'+y=x, y(0)=1, y(z)=0
(b) 2+x)?*y" —2y=x*
(C) yyﬂ — yrZ

(d) Use the method of Laplace Transform to resolve problem (a).

. Find the eigenvalues and eigenvectors of the matrix A

>

Il
B RN
N oW N
N R

. (@ If V=Vg,where ¢ =xyz, determine V-V andVxV .

40%

15%

5%

(b) Assume that f and g are scalar functions with continuous second partial

derivativesin a space region T with boundary surface S. Show that

, 5
jﬂ(fv g+ Vi -Vg)dvzjsjfa—?]dA

10%

. Heat is generated at a constant rate uniformly throughout a slab which isinitially
at the temperatureT (x) and whose faces x = 0 and x = L are kept at temperature

zero. Thusthe 1-D heat conduction equation associated with conditionsis

oT o°T

—=a—+C ; T(x0)=T(x),T(0,t)=0 and T(L,t)=0

ot x>

where o and C are positive constant. Find the temperature at any point of the slab

at any subsequent timeT (x,t) .

30%
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. The lumped thermal capacity model is often applied for transient heat transfer

system, which can be smply expressed as

dT _

—=-—(T-T)+

m ( ) *q
where m is a time congtant, g is a constant from heat source, and T, is the
temperature of free stream fluid. Determine the solution of transient and steady

temperature if the initial temperature for the system is To. (15%)

. Solve the following differential equations

a xﬂ - ky=x* (k = constant).
dx

2

d¥+y:s'nx. (20%)
dx

. Show that the total derivative, loca derivative, and convective derivative have the

relation

d_T.V.x

dat it
gr 9r q/f r
where N=—i +— j+—k and V—UI +v1+vvk is velocity. (15%)
x Ty 1z

. (20%)

a. Reduce the third-order differential equation of

att dt? ot
to be asystem of linear first-order differential equations.
b. Apply the method from eigenvectors and eigenvalues to solve above system

dzy

with initial conditions: y(0) = 1,%(0) =0, ad—-(0) = 3.

(Note: If you use other methods to solve the thi rd-order differential eguation, you
can only obtain maximum score 10 %.)

. Two-dimensional ( OEx£a,0£y£b) steady heat conduction equation

associated with conditionsis

1111}[ 111; 0:T(x0)=0,T(xb)=1,T(0,y) =0, and T(a,y) =sn(py/b)
Find the temperature distribution T (X, y) . (30%)
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1. Find a fundamental matrix and use it to write the complete solution of the system

4.

!

= X2

X 10%
X, = 3X —2X, +4e”
2. Solve the following differential equations

@ 2xyy'—y*=x*; y@@) =1

(b) y"+2y —3y=4e*; y(0)=2,y(0)=-6/5

(© y'+3y’y'=0; yO)=1,y@®)=-1 30%

Consider the velocity field of a frictionless flow V = xyziA—%y3j°+ x°yK .

Determine

(@) ifitisa possible incompressible flow,

(b) ifitisapossible irrotational flow,

(c) if the flow is incompressible, find the pressure gradientVp with negligible
body force for density unity ( p=1 ). The Euler’s equation is
p(a—v+ua—v+va—v+wa—v):—Vp+pg. 30%

ot OX oy oz

A one-dimensional slab (0 < x < ) is initially at temperature zero and the face x

= 0 is kept at that temperature while the face x = is kept at a constant

temperatureT, . Determine the temperatureT (x,t) . Thus this 1-D heat conduction
equation associated with conditions is
2
a = aa—-l; ; T(x,00=0,T(0,t)=0 and T(x,t)=T,
ot OX
where « s a positive constant.. 30%
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1.20 7}
g d .
(@) %ﬂ‘ﬂéﬂ xd—z+ y=xy? ; y@®=2 (1057)

(b) ¥, (@) RE! | gef ik o %F@T4 SRR A e Fjﬁﬂ“ﬁgj/ﬁ@ (10 57)
2.15 5}

i dy _ [d_yjz
I:%( JZ— ydx2 ~Ldx

3.15 53
i By'+y'=-6x , y0)=0 , y(0)=-10

4.15 7}
%Tﬁﬁi F(x,y,z) = xy —4x y+221f"t*fﬁl'gf(1 -12) j*i;[ 6|+2]+3kﬁﬁ§5‘w £l

(Directional derivative).

5.15 7}
ﬁ%j%ﬁf_ﬂ S[I#1f 1 Eigenvalues * £l 55 Eigenvectors.

9 1
19
11

© B

6.20 53
E- PR EL 10 om U > EURFETOE © PR VGRS | p = 80005 kg )

J W 1E[.2~ 2. “e fr e L S
woc  TELec il pﬁxﬂjéﬁ"ff%lﬁiﬁj%ﬁJ500°c,+a_@ﬂ@jj i

Cp = 460

- BRI~ (BB R AR T pU80°C IR - T B
w

SR i =15
(a) %{ JEERIT @l%ﬁﬂ RN TR A [~ 4780 -
(b) P95 (@) RS IR S T 1 100° C o
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