EE 120: SIGNALS AND SYSTEMS, FALL 2019
Midterm 1, October 3, Thursday, 12:10-2:00 pm

Name: S @) Z(Jﬁ,’; oS

SID #:

Important Instructions:

Closed book. As announced before, you can use one
letter-size, two-sided cheatsheet.

Show all your work. An answer without explanation is
not acceptable and does not guarantee any credit.

You can use the back of the pages if you need more
space.

Do not remove pages, as this disrupts the scanning. In-
stead, cross the parts that you don’t want us to grade.

Problem | Points
1 20
2 20
3 20
4 20
5 20
Total 100



Murat


1. (Convolution)

a) (10 points) Find the convolution x; * z for the signals z; and x5 below,
where T > T5. Plot and clearly label (z; * z2)(t).
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b) (5 points) Express the integral fi; x(T)dr as a convolution (x * g)(t)
with a signal g that you will determine.

e o=
[ stride = | xtr) k&7) d7

e 1 T<E
WL)G’/Q k[?[;/(r): é\ O (Z:->é—/.

Note zde/(r):{’ &4
O b-qg<4d

= Ul—T—=1)
where Ul) IsHhe wnit Step,
Theefoe we con wile to Mitesral ar

(X*g)(€)
Where g(t)= w le=1).
e g€)
———— > &
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c¢) (5 points) Find a continuous-time signal x, not identically equal to zero,
such that z xz = x.

Pe call Il)(/w)

FT :
- Worel) & CH

From +he Convolution property @# =T,
(X)) <> Xlw)Xlw) = Xew),

= W sme/W
Theellye xlt)= o C(ﬂ é)
s g valid owswe fo ay W,
includhg Hhe Unit iopvlie 3
(hich we. recowve as W oo
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2. (LTT Systems) Consider a LTI system defined by the difference equation:
y[n] — 1.1y[n — 1] 4+ 0.3y[n — 2] = 2z[n] — x[n — 1]. (1)

a) (6 points) Find the frequency response H(e/) for (1).
b) (8 points) Find the impulse response h[n] for (1).
c¢) (6 points) Determine if (1) is a stable system.

a) Sinee xtnj=e?” ghes
Y CnEHE™) E,
e Con Substihfe ese i (4),

CJ, _(fe W 0,3677Y ) H)e"
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o —e
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Z(IHO,QQ‘S‘*/) - 2.
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3. (Fourier Series) Given the period-10 sequence z[n| depicted below, de-
termine the following quantities where a; denotes the kth Fourier series
coeflicient:

a) (4 points) ay,
b) (4 points) a

¢) (4 points) Imagmary part of az.
d) (4 points) Y°3_ a,

) (4 points) T_o(~1)¥ar.

— XCnJ = =3 = 05
a) =7 <ZN> o
&,
A e > ~~LZ «ToJl1)”
@ Uz = 0 §>X "] o <o

_ é(mmau}; o
[0

CL) X 5 ewn Symmeoiic
So Qi s /‘Qq/‘)ﬁd*’ gll £ = IMZCCZZECO

d) Z Qe = Zaké ok X[/?]/ = Xl =4

k=o le=o ,Q_O
g L3
< j 2Zkr|  _ \TC
e) £(~/)kaz = 2 C)k@ﬂrzzz%e? (a [7:5 ‘_Ej
e e £=0 =0
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Additional space for Problem 3.



4. (Properties of the Fourier Transform) To answer the following questions
you can use relevant properties of the Fourier Transform along with Fourier
Transform pairs already derived in class.

a) (5 points) Find the Fourier Transform of the signal shown below.

Many ways Ho do this, For @i, v&
Qhowed M class

3@)1/6[\ 6@ C%/w):s?ocz(%fz,—)

- /
More —H/zlm‘ W)= glE)+Gl~1)
ond glb—1) & 07 Glw) . By Iheorthy,
M) = (4+ew) Gle)
= é—ke”ﬁd) SIV)C?(Z—C—%/—')
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b) (5 points) Find the Fourier Transform of the signal:

[ cos(107t) [t]| <0.5
z(t) = { 0 It| > 0.5.

\

X(t)= cos(lont) - (\"( >

—_—

—0.%5 /

Mf@ﬁ*’ﬁ@qﬁm @ = @ FT

X(w —L 7T Slw-10T)+ T[S w1 07/)) é,ncé )
_ «ZL Ay (w—» QW) v She é_‘{) —+ ..L g(wf(-(o’ﬁ) *J"A”Qé‘?:)

e
S w—loz] _L Sina (Lt2 )
- Z Sl o7 )T (
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¢) (5 points) Evaluate the integral:

/ sinc?(t)dt.

parge(/@, s Relattor:
j’/xéﬁ) [t = J) Xt deo

-—d%

Shce shict & j ) S0

7| 77

o~
y spc ) dt = —L ?duu = Lop =4
o 27 3 77
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d) (5 points) Prove the following property of convolution:

(fxg) =f*g=Ffx4g

where / represents the derivative: f/(t) := df (t)/dt.

Note  £'(E) &> jwFlkw)
and  gie) <> jwaly)  —%
Brow He derivatie property.

Also  (Lrg)(L)=> Flo)slw)

Lron Fhe corvolibor property.

Thot, prgy//;)@ je0 F(w)G ().

1 we View Hhis a3 (jw Flw)) Glw)

then fhe Ivese FT B £1%9

Do (1) ool Hhg convoloten praperty.

Il we, view i+ as F/w)@w Glw)) Hen

the invgse FT s %9 Thy
(Pxg)'= §1%g = {29’

12


Murat

Murat

Murat


5. Define the cosine transform by:
(0.9}
X% (w) := / x(t) cos(wt)dt.
—0o0

a) (7 points) Show that, when x is real valued, the cosine transform is the
real part of the Fourier Transform: X®(w) = Re{X (w)}.

b) (6 points) Show that the cosine transform is linear. In other words, for
any two signals x1, x2, and constants «, 3, the cosine transform of axi+ Sxo
is a X7 + BX5%°, where X;°° is the cosine transform of z;, i = 1, 2.

c¢) (7 points) Show that X°(w) = 0 for all w when z is real and odd-
symmetric: z(—t) = —z(t) for all ¢.

a) Substie coretl =
Ten X %) f xﬁe)ewc# 4—ﬁ><fe>e i
W/
L/??(:UT)J X(w)
= Xw) Shee x reqf
Tls , C JZ /L l[ X 7w)+>(@)) (CQ@L@CY’% 5’;/'”‘@7
_ = p= Xt
b) [ Eexergxs))atdt

—C oo

= aéj' Ka/é)c%wé#+ﬁf&ﬁf)w&2‘oh“
= o XLMKW )+ /@>é°f/cd)
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C> When X & real ond odd Symmehic
(i-e, XK-b):—th)) E@%X[w)j:(),

Thoclee X w)= ReiXw)f=0,

Alte O;-H\/elj You Co O“/‘éﬁﬁj
observe. Hae. odd Syminaty i He

ey,
XU f ) cas ot dit,

Since X[‘JC)CQJ’/%J?L) = X/*‘t)COA’éJﬁ

e :’“Xéé)o%afcu‘é
7LLZ€ /\/2'1L€9/\5?/ £0 Cgﬂd@i&\ 047/" j )

—
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