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1.(10 %) Find f(n) when n= 3%, where f'satisfies the recurrence relation

f(n)=5f(n/3)+8 with f(1)=2.

2.(10 %)
(1) How many different strings can be made from the letters in WANNANNASSA,
using all the letters?

(2) What is the coefficient of x'%3%" in the expansion of (2x—3y)**?
3.(10 %)
(1) Let S and R be relations on a set 4 represented by the matrices
0 1 1 010
Msg= |1 1 1 and M= |1 1 0].
1 0 0 1 1 1

What is the matrix representing Ro .S ?
(2) Given the function
fLXZ—>Z, f(mn)=m+n,

write down its domain, codomain, domain of definition, and the set of values
for which it is undefined. Also, determine whether it is a total function.

4. (10 %)
(1) Suppose that the domain consists of all propositions. Express the following
statement using logical operators, predicates, and quantifiers.

The conjunction of two tautologies is a tautology.
(2) Find 7' mod 11.

N
5.(10 %) . .

€ g
(1) Determine whether the given graph above has a Hamilton circuit. If it does,

find such a circuit. If it does not, give an argument to show why no such circuit
exists.

(2) Determine whether the given graph above has a Hamilton path. If so, find such
a path. If it does not, give an argument to show why no such path exists.
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Related notations:
1

2] € R3.

3

o Let A be an mxn matrix. The function T,;: R™ — R™ defined by T4(x)=Ax for
all x in R" is called the matrix transformation induced by 4.

o Let T be alinear operator on R™ and B ={by, b», ..., bn} be a basis for R". The
matrix [[T(b)]z [T(by)]lz -+ [T(by)]g] iscalled the matrix
representation of T with respect to B or the B-matrix of 7, denoted by [T]3.

e We work with column vectors, for example, v = [

6. (8 %) Suppose that # and v are linearly independent vectors in R3.
(1) (4 %) Find the reduced row echelon formof A = [@1 @2 a3 a4] given
that @, = u, a, = u+2v, az; = 2u+2v, a, = v.
(2) (4 %) Find the rank and nullity of 4.

7.(4+4 ) Let A be a 3x3 matrix such that det A = —7. Evaluate the determinant
of each of the following matrices, where a;; represents the (i, /) entry of A:
[ ayy +2a31 Qip+2a3;  ag3t+2das3 —ay3 —2a1; Qg
(a) 3a;; 3a;; 3a,3 ] (b) [_azs —2ay; azz]
2a3; — 5051  2a3; —5a3;  2a33 — 5aps —az3 —2da3; Az

8. (10 %) Let T be a linear operator on R* defined by

-xl 3x1 + JC3
| X3 —X1 — X2 + 3X3

1 1
with respect to the basis B = {b,, b,, b3} where by = [1], b, = [2], and

1 3
2
1

9. (12 %) Let T be a linear operator Ton R* defined by

X1 2x2 + ZX3
X3

le + ZX3
diagonal matrix. Also show [T]z.

. Calculate [T]g, the matrix representation of T

. Find an orthonormal basis B such that [T]g isa

le + 2x2

10. (12 %) Given a vector v = and a subspace W which is the solution set of

1
5
1
-1
X1+ Xy —x3+x4 =0.
xl'—x2+3x3 +x4 = 0,

(1) (8 %) Find the orthogonal projection matrix Py, .
(2) (4 %) Find the vector w in W that is closest to v.
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