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Good luck! 
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Table 5.1 

Basic Properties of Fourier Transform 

Time Domain Frequency Domain 

Signals and constants x(t),y(t), z(t), a, p X(UJ, TlUJ,£(UJ 

Linearity ax(t) + {Jy(t) 

Expansion/contraction in x(at), a;,, 0 
time 
Reflection x(-t) 

aX(�lJ + f1T\UJ 

...Lx ( !! ) 
lal a 

}((-UJ 

Parseval's energy relation EA = 
J

-
00 

lx(t)l2 dt El = ,}_,, .f� IX(O)i 2 JO 

Duality X(t) 2,rx(-0) 

Time differentiation .t;111 • " � I • in ieg er (iO)"X(Q) 

Frequency differentiation 

Integration 

Time shifting 
Frequency shifting 

-jtx(t}

f.1 
' 

• _ :xi .t(I )dt 

x(t- a) 
;uc, x(t) 

Modulation X( tJ COS( ll,.IJ 

Periodic signals . it .t(t) = LtXtl ll()I 

Symmetry x(t) real 

Convolution in time z(t) = [x • y](t) 
Windowing/Multiplication x(t}y(t} 

Cosine transform x(t)even 
Sine transform x(t}odd 

Table 5.2 

Fourier Transform Pairs 

Function of Time 

(1) 8(t)

(2) 8(t - ,)

(3) u(t)

(4) u(-t)

(5) sign(t) = 2[u(t) - 0.5]

(6) A, -oo < t < oo

(7) Ae-atu(t), a> 0

(8) Ate-atu(t), a > 0

(9) e-altl, a> o

(10) COS(Uot), -00 < I < 00

(11) sin(f201). -oo < t < oo

(12) p(t) = A[u(t + ,) - u(t - ,)],, > O

(13) SID(D(lt) 

!ft 

(14) X(I) COS(llol) 

d,l(U) 

XC[l) + ,r X(0)-5(0)
jP. 

t'-JOUX(Q)
}((U - UoJ 

0.5(X(Q - O,) + X(Q + '2,.)1 
X(Q) = 2..t2,rXt-5(Q - k'2o) 

I}( (UJI - !}( (-UJI 
LX('2) = -LX(-Q) 
£(U) = X (�l)T (UJ 

fir IX* YJ(O) 
X(Q) = J:':,o x(t)cos('2t)dt. real 
X(Q) = -j .f:-'

:xi 
x(I) sin(Ot)dt. imaginary 

Function of n 

1 
e-,ur 

.!. + 1Z'�(n) ,n 

;J +d(n) 
J. 

JTI 
211' A�(Q) 

.ifl+u 

(iO+aJ-

"-+rr 
Hld(U - Uo) + d(U + Uo)I 
-J1Z'ld(ll - Uo) - c5(U + 14))1

2AT smmrl
Or) 

f'(ll) - u(U + Uo) - U(U - �o 

0.5[X(f2 - f20) + X(f2 + f20)] 
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1. (4 points) Sketch the imaginary part of x(�"'' u(t). f3 � ()�
2. (4 points) Explain whether s(t) = sin(3nt) + cos(7nt) is periodic. If it is, calculate its fundamental

period. a lCJ-1{Sl., Jft}
3. (4 points) Explain whether y(t) = cos(t) + sin(nt) is periodic. If it is, calculate its fundamental period.

4. (S points) Calculate Y(D}, the Fourier;:ran
1
for,of y(t), or explain why it cannot b" done.

@ S a/(l'ff Cut, f Ix?. a.Ct< 5i � ce A.Ct' It! r/a1} (.,

, ......... 

Grr \ /I \J..1...
� 

,r 

I 

Q Yes., ' J)_ I= J,r _(l_J. ::m

fr : 
1
/1 f 1..: '/'\..

1,� 
2/J T2-=ri.h 

ro.:- t-uf'\(111 72) ;; 2 r ( i /lz, TT rt)

0 /Joi ra+,o df frQ7. i's rd r{{ftc"cl I 
I 

l; 1T

0) u� 1ab{v -� -

i (JLJ = -rr ( S(_n_- 0 r S-( 11-1-1) -i--' (_11 -J + f $CJL 17V

(;dMl-tfJI' "'1 /cm{�: /((A � f s: J d2S 11d (!)'/ sf . 

Out F. t J,M � da;i:J d'I o fwd. r,J._

So., j rJJ+ cwf f /,�Q{>oy of r/i.. f.'7. 1rY t/Jt 

:2- (P-fprls. 
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5. (7 points) Find a> 2 such that z(t) = r(t) + r(t-1)- 3r(t-2) + r(t-a) has finite energy. Sketch the
resulting z(t).e9 t�rf. cf ()// JUl�WC-. effCI'

6. (6 points) Let w(t) = 4 sin (01t). Fold the signal, double its frequency, and then delay the result by 1
second. t) pJQc(/011c.e·· f-1 �

� 

l 7
. (6 points) Let v(t) = ea1u(-t}, t>O. Decompose v(t) into even and odd signals such that v(t) = ve(t) +

Vo(t). (])cofitrclcJ�f lA/Cfk_ ;' ciif) 1tofco,O

18. (5 points) Calcu!ate the energy or power as a�prop�iate of q(t) = (2+3j)ei11112(L4t•i8)-u(tj).

6) cPAJ/tta5 o/\ � fj) e/;<e,-/x:::.e 0 dx:J-rit--1/!) 
(gµfl,1()/1 r: 11C;r c-:-J Gr,e.c:r 

fr'\ i {i, 1)
\.V 1 /\./ w,o� rlq,q 

/ V I I ��I I i �, I I I I ��r <-7': 
f 

a.: 3 
f 

l\ =S 

(j) Fok! 1,vh) ; 4 ec:,. (- Jl-/ t) c - � p,; {ft, i)
� � w (-2 _Q,-i):: -4 � (2.n_, t)

0) 

Do,lo lQ fr�4 ·. 

r11, '-I a,.. t-2.0.l+-ID: - v n,i,.. c 2 ri-, Cf-,))

of., �iv.·. 
� � l 2 SL, (-t-l-DJ , / 1r I I .1 �51

1
l a..1,ri,J,r5 I M-f' l\f 1Q?'l It 

· .. 1 -- vl� +,;[-1) = -It!(;\�.!. (ea. i J-t) + ;ri u ft),' 
v,{ll - � .., . � - .1 V 

v/JJ= v!J)-)v(-t) :: i( e � u(-1) -e -d ,l-J)) = �' -1' 8r (� 

@ f"x= ): ql�<({t)it = (Jt1i)(2-Ji)\� e i rr4 e-j�Jf

= (tr +9) s;
0 

/ o& 
: / 30 
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9. {6 points) Let x(t) be an unknown system input and y(t) be the corresponding system output.

Specifically, let y(t) = e-altlx(t), a>O. Prove or convincingly explain whether this system has each of
the following properties:

. y S AO e,/OS5 Q.�ck f'D,..- ic:(-0=,it,{{)tt.ltJ 
a. Linear Q. 1 

{ / 
b. Time-invariant ()O

J 
3a11'l Cft e -tt .t cta1� v-/ -/J�e_ 

1 _ , ,.n 1 �t\ I ii ( 
C. BIBO stable vQ..s. /11� �qi 1\- F�O e :: 

10. (6 points) Now, consider the system y(t) = x(t)x(t-1). Prove or convincingly explain whether this
system has each of the following properties:

� 
c ,, I, 2'1-- 1�IWI � j x ocrl pu) 

a. Linear no 
I

rw s SCcf /�. r'' 

1A,,) b. Time-invariant yes , ( ktll, ��is J./tf('c/ *!f, � 

c. BIBO stable yl'S /4 oocnd );,.pi yh.JJ.; f,[" /Y)(),J a//pa-f .

11. (4 points) Which of the following properties are necessary for a system to have an impulse
response?

)( Causal 

@Linear 

>( BIBO stable

0 Time-invariant
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12. (15 points) Let a system have impulse response h(t) = e-1u(t). Let the system input be x(t) = u(t) - u(t-

3). Find the system output y(t) using convolution. Hint: there are 2 non-trivial pieces. Sketch your
result.

yft).: �0
1 

A. <O
< t -i .1 
Jd e. rJt, O< A< J @

({ � � 
1,"1e JJ1 i 73 @

'(_ 
'f'.1· "i'�:.t ( 

t 
i -Cl - - -'J - - -t -

@) \ o e JI - H e �;co � I e - I) = / - e

® ( i -'t h -1- : -, [ -l'(J ty;:-t :: -,/ -t_ -t1-J, � -tt] -t

J ,-; e ii, 1 e 11' , t-8 l e e ) - e -e 

\\ . I/fl\ f11�uny · _ 3

yO -)=, I -�

y (17):: e 0 -e-J-= / -e-3 =- y{T] J
!�'\ \a,f· �� CJ) 71-e 

- l- - - - � ) ___ - -- -. 
�-

Jecat
/ �,

t 
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13. (12 points) A periodic signal has the Fourier Serie�(i
.S'

; -
,..J -1 I 1 5 

5, 0, 2/3, 0, 2, Q, 2, 0, -2/3, 0, 2/5}. Oo = 2n:. 

a. What is the DC offset of the signal? XtJ= Q.

b. Is the signal even, odd, or neither? E"�,. jk € �, •. � �;:.�, �

c. What is the power of the signal? C) 'J.2 
L / 

I ;:;.s I sa.Q. (}J low

d. What is the Fourier transform of this periodic signal?

e. Sketch the power spectrum of the signal.

f. What is the time-domain signal itself?

r, 1:$-k

(!) ,di) :- f �( 5 Jl., :t) - J (,(),,( J Aof) + ¥ Mi-{.tloi)

(00 sob I� _a_,,.: 2rr q 5/.,p /.f y .
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® 
14. (4 points) Sketch the magnitude response from -10 to 10 Hz of a bandpass filter that passes signals

between 2 and 4 Hz, but blocks signals outside of this range. t!J /)<5 frq:p
. <p 

15. (6 points) Use lines 13 and 14 from Table 5.2 to determine the impulse response h{t) of this system,
assuming that the phase shift is 0.

16. (6 points) Let a system have impulse response h(t) = 2oe-41u(t). Let the system input be the steady
state signal x(t) = sin(3t). What is the steady state output?

� {tJ(.(t)/ 

0) 

-HI I !Ill 1 1 '1ft--fl//11) -t

-1rn1c. l� 

}f � � l U'I, {I j ;/ lf-5 ho(+) for #1. Lf> F JJA /.a/< I !14 = 110 

. ('2:[i ) 
5 /111.s � ii,/Jfl. (Yf 2Jk 

) 

I I ' ()»I" ,. * � IL.���1.lu 

ndttJ =- rrt 
: � 11,;.:: /UAA {l'lf{2 • 3 "2 , ( -L)

211 t I #/Jl!ll 
2£T P

/J111Jv1 rhifi rit(-f ty JA:i
;; 6-rr '1 so -1 !I.e. c f< lflz l,,r9't\S 

2-ft.:i <- .f' C �Jk 

hcv; h A{1)r,0/61rt) = 2�n-f)� {;;,� 
ist 
I �t /H(�/=�,' � 

f 
u�Q o� 

_ 20 
.. /..a....;. 'f 

foO 

®) TJ{� )� /'Mi 1. f}(.!1)= � 
it) � �(3,[) 1 • ..fl._ I = j #

{ ,\ = _1D_, -3.i +Y _ ?O-/{f / G-;ti. 
f-/(JJ . .):- fl ]j ?;'�y -3/1 11 - 16-1-J :; --s : j, 2 -/ 2.'t

-J +.,-','_s J.1 :: 4- L. -fnA -it3)

yft)= 11-� {3i-1- �-I{��� 'fp,;(Jt- fa, -'(�j)
4 

Ill� LH /<; ¢ 5/i,lft
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