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1. (20 pts) Consider the set of three finite-energy signals

s51{t) =1, 0<t<1
saft) = cos{2wt), <=1
sa{t) =1 -—sin*{nt), 0<t L1

Find an orthonormal basis for the signal space spanned by these three signals. In this
question, the inner product of z; (¢) and 22(t) over the time interval (ty, t1) is defined as
" fz
it z(t)) = [ mt)zzehde
= b

2. (a) (15 pts) Consider two independently and identically distributed (1.i;d.) random vari-
ables X and ¥ with probability density functions (pdf's)

iy

i 1
Falz) = fylz) = EFI(E)‘ |

where I1{y) denotes the rectangular function which is 1 for |y| < 3, and 0 otherwige.

Compute the pdf of Z = X + Y using characteristic functions.

(h) (L5 pts) Please precisely describe what the central-limit theorem is.
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(25 pts) Determine y(t) by solving the following differential equations:

(a) fil:s.:nu— Ir yli—rijcostdr,and p(l)=1.
eft o

() Lt A and x(0)= L0} =0.

(25 pts) True or false? Please do justify vour answers to gel full scores. (Give a
brief proof or®xplanation if it is true.  Otherwise, give a counter example to show
that 1t is false),

{(a) A matrix A is called idempotent if 4'=4. An inveriible mainx A4 15
called orthogonal if 4™ = 4", Therefore, if the matnx A is both symmetric
and idempotent, then the matrix /=24 must be orthogonal.

{b} In order 10 guaraniee that all the solutions of the ™ _order linear differsntial
equation @ +h'+cy =0 (ie, a=0) are bounded on the interval [0,e0),
all ol the constant coefficients @, b and ¢ must be nonneganve.

(e) Let 4, B and C be three nonzero rxn matrices. If these three matrices
satisfy the equality 4C = BC, then it can be concluded that 4= 8.

{dyLet & and v be veciors in an inner product space K", The two vectors
and v are orthogonal if and onlyif |u+v|=]u—v|.

(e) A square matnix 4 15 said (o be similar 1o a matrix B if there is an invenible
matnx F such that A=F2"8BP . 1f the square matrix 4 Is similar lo a
matnx &,then 4 and B have the same determinants and eigenvalues,




