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Instructions:
e The test is closed book and you are allowed one 8.5x11 page of notes.

e Show all work. Partial credit will be given for partial work; NO credit will be given for
no work even if the answer is correct.

e Be sure to state all assumptions made and check them when possible.

e There are four problems on six pages, including the cover and formula sheet. A blank page
is attached at the end in case you need extra space.

Honor Code:
This exam represents only my own work. I did not give or receive help on this exam.
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Formula Sheet

e Complex numbers and sinusoids: (j =+/—1)

. b
= b: -]0 = = = 2 b2 . Z = 0: t —
z=a+jb=re lz| =r =4/(a®>+b%); Lz arc an(a)
Re{z} =a=rcosf; Im{z} =b=rsind
1

cos(¢) = %(em +e79%) sin(¢) = 2—j(ej¢ — e e/? = cos(¢) + j sin(e)

cos(a + B) = cos(a) cos(B) — sin(a) sin(p) sin(¢) = cos(¢p — 7/2)

e Summation formulas

[e9) n a 1— an—l—l

gakzl_afor|a|<1,n20 I;)kak:(l_a)zfor|a\<1 kzoa’“: — fora #1
e Convolution equations and properties
yln] = afn] * hln] = k_i: o[kJhn — K] = k:i: 2[n — KAJH]
— Commutative: x[n] * h[n] = h[n] x z[n]
— Associative: (z[n] * hi[n]) * ho[n] = z[n] * (hi[n] * ha[n])
— Distributive: z[n] % (hi[n] + ha[n]) = (z[n] * hi[n]) + (z[n] * he[n])
e Properties of the unit impulse function:
z[n]d[n —mng| = z[ne|d[n — no) x[ng| = k_i x[n]d[n —mny) x[n —ngl = x[n]*xd[n —mny)
uln] = i (k] d[n] = u[n] —u[n — 1]

k=—00

e Eigenfunction property of LTI systems:

z[n] = Aa" —|H(z)|— y[n]=AH(a)a"
z[n] = Acos(Qon+ ¢) — |H(z)|— y[n] = A|H(%)|cos(Qn + ¢ + LH ("))

e LTT system transfer function:

Y(z) _ 2o biz”"
X(z) Yooz

o0

hin] <=  H(z)= _Z hln]z™"

éaky[n — k] = lin%blx[n —1] — H(z) =



1. (15 points)
For each of the two discrete-time signals below, determine if it is periodic and if so find the
fundamental period.

(a) (b points) z1[n] = cos(2n — 3)

(b) (10 points) zs[n] = e 3™ + cos(2n)



2. (30 points)
Consider an LTT system with impulse response h[n] = u[n| — u[n — 3] — d[n + 2]

(a) (5 points) Sketch the impulse response.

(b) (5 points) Is the system causal? Explain.

(c) (5 points) Is the system stable? Explain.

(d) (15 points) Find and sketch the response of the system to u[n], the unit step function.



3. (20 points)
From the six systems described below, find two that cannot be LTT and explain why not
for each (e.g. “not linear because ...” OR “not TI because ...” OR “not both because
...”7). [Note: There are at least two.]

Ty : yln| = nz[n] + z[n — 1] Tp: x[n]:1—>—>y[n]:0
To: yln] = _ij (=0.5)*a[k] To: zfn] =1 —[Tp| = y[n] = (=1)"
Tg : h[n] = 2"u[n] Tp : d[n] — — uln] — — n?uln]



4. (35 points)
Each system on the left side is a causal LTI system. Draw a line from each of the systems
on the left side to the system description on the right side that goes with it. (H(z) is the
transfer function, y.[n] is the natural response, h[n] is the impulse response, and s[n| is
the step response.) On the left side, circle one system that is not stable. Include a brief

gustification for EACH of your choices at the bottom of the page.

Ti: y[n| = z[n] — z[n — 1] H(z) = 1 —1z_1
Ty : y[n] —yln — 1] = z[n] Yeln] = A+ BCOS(an + ¢)
Ty : yln] — yln — 3] = z[n] hln] = (—1)"u[n]

s[n] = u[n] — uln — 1]

End Of Exam



