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This exam has 7 questions, for a total of 100 points.

1. Let 2 ) )
a0 (2,9) # (0,0
z, = T4ty
f@y) { 0, (2,9) = (0,0).
(a) (5 points) Find lim,_,o limy_o f(z,y) and limy_,o lim,o f(z, 7).

(b) (5 points) Is f(z,y) continuous at (0,0)? Why or why not?
2. (10 points) Find

vn!
. n.
lim —.
nsc0 1

3. (15 points) Suppose g(z) is a C* function defined on [a, 5] with g™+ (z) = 0 for all
€ (a,b), where a < b. Show that g(z) has at most n real roots for n > 1.

4. (15 points) Let f(z) be a continuous function on [c,d], where ¢ < d and f(z) > 0. If
fcd f(z) dz = 1, show that for any nonzero constant k

d d
(/ f(z) cos kx dz)? + (/ f(z)sinkz dz)? < 1.
5. Let x' = (z1,%3,...,%,) be a real vector where n > 2. Define
1 n n
2 _ 2 _ 2
= e - (e

(a) (10 points) Find an n x n matrix P such that xX'Px = (n—1)s%.
(b) (10 points) Find the determinant of P.

6. (15 points) Let M be a t x u matrix. Denote S(M) be the linear subspace of Rt spanned

by the columns of the matrix M. Suppose that u and v are two n x 1 nonzero real vectors.
Show that S(uv’) = S(u).

7. (15 points) Find the minimum and maximum values of the ratio u'Au/u’u for any
nonzero real vector u' = (uy, uy, u3), if
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