1) Consider the following IVP.

e B2 4 @=10.

12157 % 42x15

a) (10 pts.) Find the largest possible interval on which the given IVP has a unique
solution. ‘

b) (10 pts.) Find this unique solution. ; e

UJe st

s

Sogt
: - # 4
iy
I8
4
\¢ K -
P
e
3
. \ f\/‘\fﬁ ""\,ﬁ'\\>
. e o
L, | !
i
O i
T LR -
, — X e
PR -
P




2) Let §= {(xl,xz,x3,x4)e R |x, +2x, +3x, +4x, =0y,
7= {(xl,xz,xs,x4)e R |5x, +6x, +7x, +8x, = 0f,
U= {(xl,xz,x3,x4)e R*|5x, +4x, +3x; +2x, :O}.
a) (8pts.)Find SNTNnU.
b) (5 pts.) Find a basis for SNT U . '
¢) (7 pts.) Find a basis for the orthogonal complement (SNT NU)* of SATNU . N
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3) Consider the subspace IV = {(xl,xz,x3,x4)e R | %, ~2x, + X, —x, = O}.
a) (10 pts.) Find a 3x4 matrix 4 with non-zero entries such that Null(A) =W . What is the

rank of 47
b) (10 pts.) Find a 4x4 matrix B with Col(B) =W. What is the rank of B?
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2 3 0
4) (5 pts. each) Let 4=| -1

0 0 2
#/a) Find all eigenvalues of 4.
9/b) Find all eigenvectors of A.

2/¢) Give areason that A is diagonalizable.

L/ d) Find an invertible matrix P and a diagonal matrix D such that P7' 4P = D.
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5) Decode the message VWDVQFCQRX given that it is a Hill 2-cipher with

1 8
enciphering matrix 4 = L 3:! . Use the following tables, if necessary :

A B C D E F G H | J K L

fu—

2 3 4 5 6 7 8 9 10 11 12

O P Q R S T U v W X Y

14 15 16 17 18 19 20 21 22 23 24 25

and the reciprocals modulo 26:

a 1 3 5 7 9 11 15 17 19 21 23

a’ 1 9 21 15 3 19 7 23 11 5 17

Use modular arithmetic. Other solutions will not be accepted.
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