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1. Which one of the following answers satisfies the differential equation % = E—ES—J;S—"IE
ya-x%)

value y(0)=2. (A) y(1—x°)~cos®x =1, (B) p2(1~x%)—cos?x=3, (C) y*(1-x)—cos®x=3,
(b)) y(l—xz)—cosxsinx=2,(E) yz(l—xz)-cosxsinx=4.

with the initial

2. The particular solution of the differential equation y(4) + " =1- x2e™ has the form of

(A) yp = A+Br%e ™™ +Cre™™ + Be ™, (B) yp = Ax + Bx’e™ + Cre™ + Ee ™%,

©yp=Axt + Bt " +Cre™ 1 Ee™, (D) yp = Ax* + Bxoe™ +Cxle™* + Exe™ , (E) none of above.
@

3. Let F(s)be the Laplace transform of /() : (A} If () = e™ cos ot then F(s) =(———-F_—z .
s—a) +o

=l
(B) EF(8) =—1"- n=1,2,3..., then f{r} =—(_r:‘——l)i' (C) The Laplace transform of % is sF(s). (D) The

5
; F(s)
inverse Laplace transform of is I F()dt . (E) none of above.
s

4. We are going to solve the differential equation system: % = %x and %

/1][

=x —% ¥ with boundary conditions

%(0)=3 and y(0)=5. The solution has following forms: x=cje +c;e’12’ and y=c‘3e’111+04e'12t with

A <Ay. ey ~cq and Ay, Ay are constants. Which one of the following statements is correct?
(&) 4 + A =1 B) c3 = ¢4 (C) g = —¢3 (D) ¢ + €3 =4 (E) none of above.
5. What statements in the following are correct?

(A) % +P(x)y = f(x)¥" is a linear differential equation for n=0.
(B) % +P(x)y = f(x) y"* is a linear differential equation for n=1,
(9] % +P(x)y = f(x)y" is a linear differential equation for n=2.
(3] % +P(x)y = f(x)y" cannot be reduced to a linear differentiat equation for n # integer.

(E) %4— P(x)y=f(x) y” can be reduced to & linear differential equation for n > 4.

6. For the differential equation a? ¥'+bxy'+cy =0 with @, b, and ¢ real numbers,
(A) the solution always contains this term px™ , where p and m are real numbers.
(B) ifa=1, b=-2, ¢ =-4, then the solution has the form of y = px’™ +gx™ , where m and n are integers; p
and g are real numbers,
(C)ifa=4, b=8, c= |, then the solution has the form of y= prm +gqx", where m and » are integers; p and
q are real numbers.
Dyifa=4, b=0, c= 17, then the solution is y = x”2[pcos(21nx)+qsin(2lnx)}, where p and g are reai

numbers,
(E) ifa=1, b=-3, c =3, then the solution has the form of y = px™ +gx" , where m and » are integers; p
and g are real numbers.’

7. Consider the differential equation {x—-1)y"+3y' =0.
(A) There exist two independent power series solutions centered at {), both of them having the radius of

convergence 1.
w Lk
x .
(B) One of the solution is CZ— with the radius of convergence 1.
ket
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(C) Let ¢ be the solution associated with the initial conditions y(0) =0 and »'(0) =5, then ¢ =5x.
(D) Let ¢ be the solution associated with the initial conditions y(0) =5 and y(0) =0, then ¢ = 5.
(E) none of above

8. LetL( )and L™ ( )bethe Laplace and the inverse Laplace transforms; respectively.

@& ! (aIF (8)+,G(8) = L (F(s)) +e, "{G(s)) -

® (G-t -4-2r s,

© L((COSf)’)“—(; 7 +4)

() ['(e™™) = 8(t—1,), where § () is the Dirac Deita function.
(E) none of above

9. If f(x)= x% +x for D<x <2, weare going 10 expand f(x) in cosine series, sine series and Fourier series.
Please find the converged value for different series:
(A) f(2) =46 for cosine series, (B) f(2)=6 for sine serigs, (C) f(-1)=2 for cosine series,
(D) f(~1)=0 for Fourier series, (E) f(-5}=2 for sine series.

10. A thin rectangular plate coincides with the region defined by 0<x <5 and 0 <y 3. The right and top ends

of the plate are insulated. The left end of the plate is kept at 0 degree and botiom end is held at temperature
f(x}. Find the suitable differentiel equation and boundary conditions for the sieady-state temperature w(x, y) :

(A) 62;4--&—:0 O<x<5and 0<y<3, (B)~’ =0 for 0<y<3,{C) &u =0 for 0<x <35,
& 3y x=3 o

D) u(5,y)=0for 0<py<3,(E) u(x,0)=f(x) for b<x<3. -

11. For any matrix 4, let N{4) denote its null space. In the real space R", consider the inner product {x,y) = xpn
+ w4 5.y, and 2-norm [x| = {x,3)"” for every vectors X =[x, - x, ] and y = [ y; -y, I in ®". Suppose 8 is 2
subspace of ®”. Let S be the orthogonal complement of § in M. For the following matrix 4, (a) find a

basis Sfor .)V{A) and (b) check if x=[00 1 001" is a vector with the smallest 2-norm satisfying
Ax=[122 11" and explain why, (15%)

3313 3
2
A=2424
0 32 3 0
-1 1 1 1 =1
0100
6 01 0
12. X=| - CXP =7 0%
0 0 0 1 (10%)
1 000

13. Use Gaussian elimination procedures to find the reduced row echelon form, rank, and nullity of the matrix
below: (10%)

1 0 -2 -1 0 ~i
2 -1 -6 -2 0 -4
0 1 2 1 1 1
-1 2 & 3 1 2

14. Find an orthogonal basis for the subspace C([0, 1]) that is spanned by {l,e‘,e“'} -(15%)
Note: The definition of an inner product for fand g in C(fa, 3]} is

(r.8)=[rmga
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