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Questions 1-5 are mixed with single-choice and multiple-choice questions.

1. (10%) Suppose a 32-pound weight stretches a spring 2 feet. If the weight is release
from rest at the equilibrium position, find the equation of motion x() ifan impressed
force f(£) =sin(r) acts on the system for 0 <7 <27 , and is then removed. Ignore any
damping forces.

(A) £ () = sin(t) —sin(@)U ¢ - 27) , (B) x(®) =1“_;sin at +3iosin L0<t<27 |

1 -1 1
x(t -——sm4t+—sint,0_<.t<27r x(t) =—sindr+—=sinr,0<r <27
() ® 15 , (D) (®) 30 5 ;

2. (10%) A uniform 10-foot-long chain is coiled loosely on the ground. One end of the
chain is pulled vertically upward by means of constant force of 2 pounds. The chain
weights 1 pound per foot. Determine the height of the end above ground level, x(t), at
time t.

d2 d*x
(A)* +(—) +16x=160 @) +(—) +32x =64

2
©> iﬁ—ﬂé) +32x~160,(D)x:3‘3“‘“§") @®5=5 50 4;/-3002

3.(1 0%) A semz—mﬁmte plate coincides with the region defined by 0 Sx=m,yz0,

The right end is held at temperature e, and the left end is held at temperature zero.
The bottom of the plate is held at temperature () . Find the steady-state temperature

o2 SO :
in the plate: (%)) = Z;Ane . - E(a}sm(@)da
n=1

(A) 4, =sin(nx) ‘E}(x) sin(rx)dx ,(B) 4, = ff (x)sin(rx)dx ,

smh(ax) ' )i o sinh(ax)

B(a) =
© (1+a?)sinh(ar) ° o) & (1 +a?)sinh(ar)
4. (10%) Use the power series method to solve the DE xy" +2y'—xy = 0 ,Y=cy +caya

@

1 2n+i : 1 2n 5 1 n
(A) 3, = Z P ,(B) »n-= Z Gar Dl 41(€) J’Z“Z;‘ mﬁ :

50 inh
D)y, _Z (2 T * (B)» _si x(x)
n=0

5. (10%) Solve the given equation J:f(ﬂf(t —7)dr = 6t3,
(A) f() =61, (B) f(1) =321, (C) (1) = /61, (D) f(t) = 6t , (B) F(£) =

L#E
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1. (20%) Label the following statements as being true or false. (No explanation is
needed. Each correct answer gets 2% and each wrong answer gets 0% ):

(a) A set V is a vector space if V satisfies the following properties: (i) V has a
zero vector; (i) whenever u and v belong to V, then u +v belongs to V; and
(iii) whenever v belongs to V and c is a scalar, then tv belongs to V.

(b) Let B be an m x m invertible matrix and A be an m x n matrix. Then A and
BA have the same reduced row echelon form.

(c) An n x n matrix A is diagonalizable if and only if BABT is diagonalizable.
(d) Let A ben x n. Then rank 4 = rank A2

(e) If B is obtained from A by applying a series of elementary row operations,
then A and B have the same reduced row echelon form,

(f) Let S ={vy, va, ..., v} be a linearly independent subset of R™ and u be a
vector in . Then {u, vy, vy, ..., vy} is linearly independent.

(g) Let A be an m x n matrix. If Au = Av implies u = v, then rank A = n.
(h) If v is an eigenvector of A2, then v is an eigenvector of A.
(i) Let A ben x n. Then det(24) = 2det A.

(j) If v is not a linear combination of {u1, uz, ..., ug}, then rank [uyup ... uy v
= 1+ rank [u; uy ... uy).

2. Let B = {¢', te', t%'}, V = Span B, and T be a linear operator on V defined by
T(f) = f'2).

(a) (5%) Find [T, the matrix representation of T with respect to B.
(b) (5%) Find the eigenvalues of T and a basis for each eigenspace.
(c) (8%) Is T invertible? If it is, find T~ (c;et + cytet + cstet).

3. Let Vi = Span {vi, v3} and V; = Span {vs, vi}, where

1 -1 -1 1
vi=| =11, vp= 1], wa= 1], vy=1] -1
1 1 -1 -1

(a) (5%) Find an orthogonal basis for V5.
(b) (5%) Find a basis for Null ([vs v4]T).
(c) (5%) Let W be the intersection of V; and Vs. Find a basis for w.






