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1. Given measurcinent data as follows:

x -2 -1 {
¥ -3 -2 I 7

(2) (5%) Find the best least square fit to a finear function y=ax+5.
(b) (5%) Find the best least square fit to a quadratic function y=ax’+hx+c.

2, Determine  lim A™ for each of the following matrices, iff it exists.

2 -5 -1 1 0 -1
{a) (%) A=|1 05 -1, (b} (3%) E=-2 2 O
I =05 0 2 -1 -1

3. (10%%) For each of the following statement, whether it is correct? {Give your
answer simply in terms of  *Y {for Yes) or “N” {for No) and you don‘t need to
give reasons.}

{a) X and ¥ are two random variables. It is generally true that
E[(X - E(QX){Y - E(Y )T < E[(X - E(X)y'|E[(Y - E(Y))].

(b) Two random variables X and ¥ are statistically independeat if and only if
they are uncorrelated.

{c) If X isadiscrete Poisson random variable with parameterd whera A > 0, it is

generally true that E[X]=2 and Var(X)= 4.

(d)If X and ¥ are two statistically independent continuous random variables,
then E[Y | X1=E[¥].

ey X, X,, .., X, are N mutually independent random variables. Each of

N
them has the same mean g and the same variance o . If F’?%EX,,the

Il
mean of ¥ isalso gand the variance of Yisalso o?.

4, X and Y are two statistically independent continvous random variables, X is
uniformly distributed in {0, 20] and Y is vniformly distributed in [560, 803,
(&) (5%) What is the probability density functionof X +F .
1

(b) (5%) What is the smallest integer K such that PLY +Y > K)< =2
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5. Suppose that the joint probability mass function px y z(2, ¥, 2} of three discrete type
random variables X, Y and Z taking values in {0, 1,2} is

Pxy,z{(0,0,1) = i xy,z(0,1, 1) = T Pxyvz(0,1,2) = %,
Px ]"2:[1 0, n} ]lﬁ: Px, Y,ﬂ'{l 0,1)= ? Px,}-',z[].,l, 1) =
pxy2(1,2,0) =5, pxyz(1,2, 2 = 3 x.v,z(2,0,0) =l§§
Px 1’,‘3{2 0, 1] 18 Pxy.z(2,2, 1} = 3 Pxy,z(2,2,2) = 6

and zeros for the rest 15 configurations of X, Y, .

{a) (6%) Are X and Z statistically independent? Why?
(b} (5%) What is the conditional expectation E[X|Y =] of X on ¥'?

6. Consider the following 3 x 5 matrix

2 0 1 -1 =3
A=) 1 -1 0 -1 0 |.
-1 0 1 -2 0
(2) (5%) Find a basis for the nuilspace Null{4} = {z € R’|Az = 0} of A.
(b) (5%) Find a basis for the column space Col{A) = {Ayly € R®} of A.

7. (6%} Which of the following statements are fure? (Proofs are not needed. Simply
choose the true staternents. Mo partial credit for $his problem)

(2) The problem
y(@) =1+y%=), ¥(0)=
has a unique solution for all x in [0, 1].
(b) The problem
W {zH +iu{=) =0, 4(0) =
has a unique solaution for all x in [0, 1].
{c} The problem

¥iz) =iz}, w0 =

has a uaique solution for all x in [0,1].

(d) The problem
¥'(@) +3@) =0, y{0)=0,y{x)=0

has a unique solution for all z in [0, @],

{e} The problem
v"(2) + dy(x) = 82°, 3(0) =
has a unigue solution for all » in [, 1].
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8. (7%) Consider the following homogeneous linear systems in two equations with con-
stant coefficients: '
¥ = anin +aalpe,

o = anth + Gzl
Let p = ayy + 99, ¢ = o183 — o0y and A = p? — 4¢g. Also, let F, be the critical
point when 3, = 3 = (. Which of the following statements are ture? (Proofs are not
neaded. Simply choose the true statements. No partial credit for this problem)
(a) Py is a saddle point if ¢ < 0.
(b) Ppisaspirial point Hf p Z0and A > 0.
{c} P is a center if p=0 and g # 0.
(@) Fpis unstable if p > 0 and ¢ > 0.
(e} P, is stable and atiractive if p < 0 and ¢ > 0.

9. (7%} Please solve the following integral equation:
y(f) =sint + j: y{7) sin(t — r)dr.
10. (10%) Let 2, 7, and z be complex numbers and i = /—1. Please show that
(3) Jo1 + 2f® + |z — 2 = 2|z + [2f).
(b) ainh(iz) = isin(z).
{c) coshiin) = coa(z).
(d) sink(z + z2) = sinh(zi)cosh{z2) + cosh{z1)sinh(z).
(e) sink(z) = mnh{z}ms{y) + icosh{z)sin(y}, where #z =z + ty with 2, y real.
Note that mﬂh{z} €—¢ and cosh{z) = £.
11. {10%) Find ¢ {in degre&e} so that the following periodic waveform does not contain
any 5% harmonic voltage.
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