Chapter One
Fourier Series and Fourier Transform

L. Fourier Series Representation of Periodic Signals

1-Trigonometric Fourier Series:

The trigonometric Fourier series representation of a periodic signal x(t)= x(t +
To ) with fundamental period To is given by

x(t) = az—" + Z:zl(an cos(nwyt) + b, sin(nwyt))
2n .
where wgy = T—" is radian frequency,
0
ag,an and b, are the Fourier coefficients given by

2 (T, 2 (T,
ag = T_Ofo"x(t) dt, a, = T—Ofo"x(t) cos(nwyt) dtb , =

2 (T .
T—Ofoox(t) sin(nwyt) dt

x(t)
Example 1: Determine the Fourier seriesto T
represent the periodic function
shown.
Solution:
t 2m 2m
x(t)—z 0<t<2m , To= 2T Wo ===
To 2m
_ 2 (t)dt—ljtdt—1 [t2]3™ =
4 = Ty x n) 2 4m o =T
0 0

2 (T 1 p2mt 1 c2n
a, = T—Ofo °x(t) cos(nwyt) dt =;f0 > cos(nt) dt = Efo tcos(nt) dt

Integrating by parts

1 {[t sin (nt)]z1T n [cos(nt)]zn}: 0

a, = —
o on n n? |1y
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To 2m
b—2 (t) sin( t)dt—lft'( t) dt = !
n = x(t) sin(nwy = sin(nw, =-=
0 0
The general expression for Fourier series is

n . 1. T . 1. 1.
x(t) = 5t Yooeq {—;sm(nt)} =2 = {smt + 5 sin 2t + 5 sin 3t+ }

Even and 0Odd Signals:
If a periodic signal x(t) is even (x(-t)=x(t)), then b,= 0 and its Fourier series
contains only cosine terms:

o0
a
x(t) = 70 + z a, cos(nwyt)
n=1

If x(t) is odd (x(-t) =-x(t) ), then an= 0 and its Fourier series contains only sine
terms:

x(t) = 211 b,, sin( nw,t)

HW 1: Find the trigonometric Fourier of the triangular waveform shown over
the interval (-m, 7).

x(t)
T
_T[ T[
! ! I — t
21 2T
T
2
Answer: x(t) = iZc’%zl izcos nt —n<t<m
nodd™
HW 2: Find the trigonometric Fourier of symmetric square wave shown.
x(t)
1
-T/2 T/2
1 I t
—17T
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Answer: x(t) = % [COS Wot — %cos 3wyt + % cos 5wyt — ]
2-Complex Exponential Fourier Series Representation:

The complex exponential Fourier series representation of a periodic signal
x(t) with fundamental period Ty is given by

o0
x(t) = Z c, el "ot
5 n=-o00
Tl' . . . . '
where wg = - and c, is complex Fourier coefficients and are given by
0
To
1 —jnwpt
c, = — | x(t) e 1MWl dt
To
0
The relation between trigonometric and complex exponential Fourier series:
C. = an_ibn
ao/z = Cp n— 2
a,=c¢, +c_, ,n+0 C_y, L) ,n=>1
b, =jc, —jcy * 2

Q/ Derive the complex exponential Fourier series from the trigonometric
Fourier series?

a (0]
x(t) = ?0 + z (a, cos(nwyt) + by, sin( nwyt)
n=1

aO + zoo < ejnWOt + e—jnWOt + b ejnWOt — e—jnW0t>
= — a n _
n= 2 2j

2 A\
— a_O zoo ({an — ]bn} jnwot {an + ]bn} —jnwot)
=5 + - > e + > e

. ap—jb ap+jb
Define ¢, = nTln , cl = nTln

= c_, and co=ao/2

x(t) = co + Z (cp@™Wot + c_je7inWot)
n=1

m . w -
=y + Z cpeMWot + Z c_penwot
n=1 n=1

As nranges from 1 to o0 , -n ranges from -1 to -c0

[0.e] — 0o
x(t) =co + Z cpe/MWot + Z c, e/MWot
n=1 n=-1
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_1 . m . w .
— E Cp e]nwot + Co + E Cne]nwot — E Cpy e]nwot
n=—oo n=1 n=-—oo

Amplitude and Phase Spectra of a Periodic Signal:

Ch = |cn|eiﬂn

where |cn| is the amplitude spectrum of the periodic signal x(t)
0, isthe phase spectrum of x(t)
aZ+b?

n

n
lcnl = lc_nl = 2 and 0_, =—-6,

Hence, the amplitude spectrum is an even function of w and the phase
spectrum is an odd function of w for a real periodic signal.

—a—t
Example 2: Find the exponential Fourier series and x(t)=e
corresponding frequency spectra for the function \
X(t) shown. '
Solution: . 9 05
To=0.5 , wo=— = 4m
To
0.5 e~ (1+j4mn)t 0.5 2
=2 -t ,—j4nnt dt =2 — 1 — -0.5,—j2nn
‘n j ¢ ¢ -1 +j47m)]0 1+ j4mn [1-e7% |

0
since e7?™ = 1

0.79
Ch =577
"1+ j4mn

[ee]

The complex exponential Fourier series, x(t) = 2 270 _ g nént
n=—00 1+j41mn

: 0.79
The amplitude spectrum, |c,| = Nk co=0.79.

The phase spectrum, 8, = —tan™!(4mn)
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08 the magnitude spectrum
E T T
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0.2 .
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Example 3: Find the complex exponential Fourier series and corresponding
frequency spectra for the function shown for T=4,8, and 16.

x(t)
1
t
-T2 -1 1 T/2
Solution:
T . :
j jwont g 1 [e7)nWot 2 [eMWo — e7I0Wo] 2 sin nw,
C = e = —_— —_ —_— [ ——
n T _jnWOt T 2jnW0 T nwy
0
® 2 sinnw, i nwt
x(t) = — e
T nwg
n== nm
In case T=4: wo=n =T Ch = z SmnE[?) and cy = limc, = E
T 2 2 = n—0 2

cn=0 for “2—“ = 41,421, +3m, ...
n=+2,+4, +6, ...
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the amgnitude spectrum
T T

0.5 T

0.45 4

0.4 -

0.35— =

0.3~ =

le(n)]
o
N
o
T
I

0.2 - -
015 =

0.1

°'°5i~r“1*1$1$ AWAIALT‘

-10 -8 -6 -4 -2 0 2 4 6 8 10
n

o

Similarly for T=8 and 16 the magnitude spectrum is shown in respectively

the magnitude spectrum T=8
0.25 T T T T T T

P

0.2~ -

0.15 -

e(m)]

0.05 — -

Lo
-0
o Q-

EN

10
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the magnitude spectrum T=16
0.14 T T T T T T

T T T

012 P e

0.1 -

0.08 — -

le(m)|

0.04 - -

0.02 |- N

L [ 1

-10 -8 -6 -4 -2 0 2 4 6 8 10
n

Parseval’s Theorem for Power Signal

The average power P of a periodic signal x (t) over any period T is represented

by the complex exponential Fourier series as
T

17 .
P=—]Ix(t)|2dt= E ¢ nl?
T A n=—00

2
Example 4: Determine the average power of x(t)=2 sin (100t).

Solution:

1 T/2 1 ,T/2 .
P =/ p, X de=2 [ 17 [2sin(1009)|? dt =2
ei100t_,—j1o00t . o
X(t) =2 —_—= —]e]100t _|_] e—]100t

2j
Comparingto x(t) = Y

n=—oo

Cy el nwot _ cle] 100t + C_le—] 100t

c1=-j , c¢1=j and

P=>  feal=lealHlc P =1+1=2
n=—oo

HW3: find the complex exponential Fourier series and spectral frequency for
the functions
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1 0<t<o
a) x(t) = - 2 where x(t+To)=x(t)
-1 70 <t<T,
%t 0<t<i
b)x(t) =1{ ', T 2 where x(t+T)=x(t)
—¥t + 2 > <t<T

II. Fourier Transform for Non periodic Signal
From Fourier Series to Fourier Transform:

Let x(t) be a nonperiodic signal of finite duration, thatis x(t) =0 |t| > T,

Let xt,(t) be a periodic signal formed by repeating x(t) with fundamental

period To in such that Tllrrc}0 xr, () = x(t)
0—)

A{
T, Ty '
/\ AXT\(D /\
t t 1 1 t
To T2 -Ti Ti Tol2 To

The complex exponential Fourier series of xr (t) is given by

[0¢]

. 2T
xr, (1) = c, & MWot Wo = o
: I, 0

n=-—co
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where
Ty

1 .

Cy = T xT, (t) e IMWot dt
0

Since xt,(t) = x(t)for |t|<To/2 and also since x(t)= 0 outside this interval

To/2 o0
1 . 1 .
Chp = — j x(t) e 1MWot dt = — J x(t) e71MWot (¢
Ty p Ty
i — 00

Let us define X(w) as X(w) = ffooo x(t) e Wt dt

Cp = T—X(nwo)
0

(o]

E 1 , 1 — _
0

n=—oo
n=-—oo

As Ty — 00, wo=2 1t/To becomes infinitesimal (w, — 0). Thus, let wy = Aw
then

—>i i X(nwy) & AVt Aw
21 0

n=-—oo

X, (£) |

Tog—00
Therefore
1 - .
= |j = Li —_ jnAwt
x(t) rlj(}inm X, (£) vxl/trllo o E X(nwg) e Aw

n=-—oo

The sum on the right-hand side of Equation above can be viewed as the area
under the function X (w)e’** as shown

X(w)er

Area = X(kAw)e Ko7 A,

Xk Aw)jeflui fo = - - - - - -
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Therefore, the Fourier representation of a nonperiodic x(t) is
o0
1 .
H=— | X wtd
X =5 [ X et dw
—00

Fourier Transform Pair:

Define the function X(w) as the Fourier transform of x(t) and x(t) is inverse
Fourier transform of X(w). Then

X(w) = F{x(t)} = [ x() e™dt  F.T.
x(t) = F1(X(w)) = i [2_ X(w) vt dw LF.T.

The pair of a Fourier transform denoted by x(t) & X(w)

Fourier Spectra:

The Fourier transform X(w) is the frequency domain of nonperiodic signal x(t)
and is referred to as the spectrum or Fourier spectrum of x(t). In general it is
complex and can be expressed as:
X(w) = |[X(w)|e/*
where |X(w)| is the magnitude spectrum of x(t)
¢ (w) is the phase spectrum of x(t)

Example 5: Plot the spectrum for the gate function shown. Xt
Solution:
Ziwtql
X(w) = [* x(De Wtdr= [ e Wt gt = [e J ]
—00 -1 —jw -1
= ——— = —sinw
—jw w
X(0)=lim 2% = 2

w-0 W

X(w)=0 for w=+m, +2m, ...

10
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X:3.148
Y:-0.004364
n -

0.5 1 I 1 I I I I 1 I
-10 -8 -6 -4 -2 0 2 4 6 8 10

Fourier Sine and Cosine Transform

For even function:
X(w) =2 f0°° x(t) coswtdt ,and x(t) = ifow X(w) cos wt dw

For odd function:
X(w) =2 f0°° x(t) sinwtdt ,and x(t) = ifooo X(w) sin wt dw

Example 6: Repeat Example 5 using odd or even properties

Solution: X(w) = 2 fooo x(t) coswt dt = 2 fol coswtdt =

2 [sinwt]1 _9 sinw X t)
w 0 w 2
HW 4: plot the spectrum for the following function t
. W, 2
Answer: X(w) =2 (S@Z) -1 1
2

Some Special functions and their transform
1- The Dirac Delta (unit impulse function) 6(t)

Assume rectangle function (top-hat function) as shown below. It can be
denoted by the symbol [[,(t) and is defined as:

11
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0 t< —a/2
1
Mt ={; ~—a/2<t<a/2 and [ M,(6)dt = [*)7 = dt =1
0 2<t
2
then dirac delta function §(t) is defined as
6(t) = lin(l) I, (t)
a—
t a—-0 t
_a/2 a/2 1 Y > 0
— >

Properties of dirac delta:
o [O 8(®)dt=1
o [7 x(®) 8(®)dt = x(0)
o [ f©)8(t—to)dt = f(to)
e S(at) =|71!| 5(t) and §(—t) = 8(t)
o [ f@®8a(t ~ to))dt = [ F©S(t ~ to)dt = 1 f (o)

The Fourier transform of dirac delta is given by:

FE)} = [ s(e ™ dt =1

wa

a/2

Also, F{TTa(®)} = [/ Letdr = 1[]
—IWl_q/2

(e—jwa/Z_ejwa/Z) _ sin—-
—a/2 a a -

1
- . wa
a —jw

2

Example 7: find the Fourier transform for the following function
Solution:

X(t)

. 1 - 1
F {S(W)}=% fS(W)e]W dw:%

12
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Fl2nd(w)} =1
& F{1} = 21 6(w)

t
2-Signum function sgn(t) sgn(t)

t>0
t<O0

sgn(={

F{sgn(t)} = f sgn(t)e Wt dt = 2] e Wt dt
—00 0

2

=
3-Unit step function u(t) u(t)

(1 t>0 1
u(t)_{o t<0

u(9)=/’, d@)dr 0

u(t):% + % sgn(t)

1 1 1 1 1
F{lult)} =F {E + > sgn(t)} = ET{l} + ET{ sgn(t)} = mé(w) + ]W

4- The triangle function /\,(t)

a+t
- - t
= a<t<o0 " a(D)
Na(t) = 2—? 0<t<a
0 . 2|t| >a .
Fiha(©} = (51:,_?) (see HW 4) -a a
2
. —at O [%® _at —jwt . e—(a+jw)t e} B 1
Example 8: F{e *'u(t)} = [ e e7™dt = [_(a+jw)]0 pyre

Properties of The Fourier Transform

1-Linearity: a1x1(D)+ ayx,(t) & a1 X(w) + a,X,(w)
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2-Time shifting: X(t-to) & e TWhX(w)
3-Frequecny shifting: eWolx(t) & X(w — wy)

. . 1 w
4-Time scaling: x(at) & EX (;)
5-Time reversal: x(—t) & X(—w)
6-Complex Conjugate: X*(t) & X*(—w)
7- Duality (symmetry): X(t) & 2nx(—w)
8- Differentiation in the Time Domain: d zit) o jw X(w)

d" x(t .
20 6 (jw)" X(w)

: . : . d X(w)
9- Differentiation in the Frequency Domain: (—jt)x(t) < d
10-Integration in the Time Domain: f_toox (t)dt & X(0)6(w) + ILWX(W)
11-Time convolution: if x1(t) ® x,(t) = fjooo x1(T)x,(t — 1) dt

then x1 (1) ® x,(t) © X;(W)X,(w)

12-Multiplication (Frequency convolution): x;(t)x,(t) & %Xl (w) ® X,(w)
13- Parseval’s Relation: f_oooolx(t)|2 dt = %ffooom(w)lz dw

Example 9: using properties above to find the Fourier transform of the
following functions:

1- F{6(t — tg)} = e Wb F{5(t)} = e /Wt

ejW0t+e—jW0t

2 FU @ coswot} = F{fO ==} =5 FY©) +5 Ff©e

1 1
=§F(W—W0)+§F(W+WO)

s Pt L[ = L = ()
4- F {sin Bt}

Bt

14
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Since F{[[.(1)} = = 2 yse Duality property
2
sin%al HZﬂ(W)
F a_t = 2m Ha(_t) = 2m Ha(w) ﬁ
2
sin 3t W
Ifa=2 - F {255} = 2m [Top(w) y—
5- ?{(S‘;f) } (HW 5) X(t)=A ()
Example 10: Use differentiation property to find X(w)
1+t —-1<t<0 t
for the function shown. x(t) = { 1-t 0<t<1 1 1
0 It| > a X(t)
Solution : 1
X(t) =6(t+1)+8(t—1)—25(t)
F{x())}=eW +e W —-2=2cosw—2=2(cosw— 1) -1 1
. . -1
FHROY = (W) X(W) )
2 X(t)
F{x()} _ 2(1 —cosw) sin— L 1
X(w) = —w?2 w2 —\Tw 1 T
2 }
HW 6: X(D) 1
A + 19
a b
-b 2 \/ t
A+
HW 7: show thatﬁ o 2re*u(—w)
1 2a
Example 11: F{e~2lt}= F{e?tu(—t) + e u(t)} = w i T o

15
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Convolution Theorem

The convolution of two functions f{t) and g(t) is defined as:

M0=ﬂ0®gU%=ff@ma—ﬂm

(00]

=jg@va—ﬂw

— 00

Example 12: find the following convolution

u(t)

i- u(t) ® 6(t)

ii-  u(t) ®u(t)
iii- e %u(t) ® u(t)

u(t— )

Solution: i) h(t)=/"_u(7)8(t — T)dr=u(t)

i) h()=/"_u@u(t —)dr

t

t
u(t) u(t — 1)

=jldt=t

0

iii) h(t) = ffooo e "u(t)u(t — t)dr = fot e 3Tdt = [

e—a‘t]t 1—e—at
0

—a

Example 13: Find the inverse Fourier transform for X(w) =

using time convolution property.

1

(a+jw)?

Solution: X(w) = X;(W)X,(w) - x(t) = F (X, (W) Xo(W)) = x1(t) ® x,(¢)

_ -1 _ o-at _ -1
(O =F {a + jw} eru® , xO=7F (a + jw
x(t)= f_oooo X1 (DX, (t —Ddt = fjooo e Tu(t)e 2Oyt — t)dr
= fote‘aTe‘a(t‘T)dr =e fot dt=te™@" t>0=te  u(t)

) =e 2 y(t)

16
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HW 8: using time convolution property to find F~1 {m}
Example 14: Find the Fourier transform of f(t) = f_too 8(t)dt using

integration in time domain property.

Solution :
t

fx (t)dt & mX(0)6(w) + ]lwx(w)

XW=FE@O) =1 - X(0)=1
F(w)= mX(0)8(w) + ]iWX(w) = 8(w) + Iiw

Il. Linear Time Invariant (LTI) System

A system is a mathematical model of a physical process that relates the
input (or excitation) signal to the output (or response) signal. Let x (t) and y(t)
be the input and output signals, respectively, of a system. Then the system is
viewed as a transformation (or mapping) of x(t) into y(t). This transformation
is represented by the mathematical notation

y(O)=T{x(t)}
The system is said to be linear time invariant (LTI) if two conditions are
satisfied:
1- T{aix1(t)+azxz(t)}=a1y1(t)+azyz(t) (linear system)
2- T{x(t-to)}=y(t-to) (time invariant system )
For example y(t)=2x(t) is LTI system

Impulse Response:

The impulse response h(t) of a continuous-time LTI system is defined to
be the response of the system when the input is §(t), that is,

h(D=T(5 () O 0w P

x(t) = foox(T)S(t — 1) dt

Since the system is linear, the response y(t) of the system to an arbitrary input
x(t) can be expressed as:

17
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oo}

y(t) = T{x(t)} = T{foox(r)éi(t - 1) dr} = j x(DT{6(t— 1)} dr

— 00

Since the system is time-invariant, h(t — t) = T{6(t — 1)}
y® = [°_x(0h(t— 1) dT = x(t) ® h(t) {convolution integral}

Frequency Response:

Take Fourier transform for both sides in convolutional integral equation above

Y(w) = Fly(D} = F{x(t) ® h(D} = X(W)H(Ww)

The frequency response of the system:

H(w) = @ = |H jOu(w)

W) =¥y = [HOWe

|H(w)|=magnitude response of the system.
0y (w)=phase response of the system.
The response of complex exponential signal { x(t)=e/"o' }:
X(w) = 21 6(w — wy)
Y(w)=X(w)H(w)= 21 §(w — wy) H(w)= 21 6(w — wy) H(wo)
y(t)=F~H{2m 8(w — wo)H(wo)} = H(w)elo!

y(t)= H(wp)x(t)
where wy is the radian frequency of the input signal.
The response for the non periodic signal:
x(O=o- [ X(w)etdw
y(O=— " XW)H(w)e " dw
Example 15: find the output response if the frequency response of the
system is H(w) =ﬁ for the following input:

i)  x(t)=e tu(t)
i)  x(t)=el?t
Solution :
) Xw)=FleTu@®)} =

Y(w)=X(w)H(w)=

y(O=F"{

1

jw+1
1 1 1

(Gw+1)(w+2) - jw+1l  jw+2

—— = (et - e

jw+1l  jw+2

18
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i) y(t)= H(wo) X(t)—m et

IV. Correlation Functions

1- Correlation of periodic function

Autocorrelation, ¢ () = ‘f TT/fz
Crosscorrelation, ¢y, () == f TT/fz

2- Correlation nonperiodic function

Autocorrelation, A (t) = ffooo x(t)x(t + v)dt

x(D)x(t + ©)dt
x(Oy(t + vdt

Crosscorrelation, Ay, (T) = ffooo x(y(t + v)dt

Example 16: Find the autocorrelation function of the periodic function shown.

X(t)

I

X(t+‘l')

\\Nt

1-t 1

> IO

1-t O0<t<1
X(t)_{o 1<t<?2
Solution:
1 T/2 p

o(1) = T.I_T/Zx(t)x(t + 7)dt

1 1-1
= ffo 1-0)(1-(t+1)dt

2 ot 1

“12727%6 =

1 x(t-

¢(=1) = Ef 1-0(1-(t—1)dt

3 7 {

“12737%
~ () = ¢p(—1)

Example 17: Find the crosscorrelation of the two periodic functions shown.

y(t)
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Solution:
i) Tofind ¢xy(1:) and ¢yx(_r)
1 T/2
bo@ =5 | HOyeroa
1-7
=%f 2t dt =%(1—r)2
10 T/2
b0 =7 [ yOxe- D
== [2(t—1) dt = (1 - 1)?
X(t+1)
i) To find ¢,,,(7) and ¢, (—7) 2/‘4 /I
1 T/2 t
b =7 | | YOxEr D =
1-7T
= %j 2(t + 1)dt = %(1 ) y(t+)
10 T/2 1
b0 =g xOye- D
Tl 1+7

—1f12tdt—11 2
=3) =51 -1

Example 18: Find the autocorrelation function of the function
(e t>0a>0
<0 ={] t<0 X(t)
Solution: (t+1)

—at

A = [ etteratroge=°
0 2a

properties of correlation function:

20
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1- Symmetry: d(t) = d(—1)
2- Average power: P = ¢(0)
3- Periodicity : if x(t) =x(t+T) then

¢(0) = d(t+T)
4- Dcvalue: if f(t)=x(t)+m1 and g(t)=y(t)+ mzthen
(I)fg(T) = q)xy(T) +m;m;
5- Maximum value: |$(1)| < $(0)
6- Additivity: if z(t)=x(t)+y(t) then
¢, (1) = dx(D) + (I)y(T) + q)xy(r) + q)yX(T)

VI. Power Spectrum of periodic signal and Autocorrelation

We can write Autcorrelation in terms of exponential Fourier coefficients as:
(0]

OO =lcol + ) leyf? ™ot
n=-—oo
n+0

The average power, P= ¢p(0) = 32 _|c,|?
PSD= F{$p(1)} = 2 X3 _o|cy|* (W — nwy)
Proof:
T T o 0o
(1) = L7 x(Ox(t+dt = 1 Z Cp eMWot Z Cm ©MWo(tHD gt
T) T T) T n m

2 n=—00 m=—oo

~2
(o) oo 1 ~T/2
— z z Cncmejnw0t<_f ej(m+n)w0t dt
T T/2

n=—0oo0 m=—0o

=1 if m=-n
=0 otherwise
(o] [0 ]
— jnwot _— 2 Sjnwot
= E CpC_petWot = E |c, | el™Wo
n=-—o n=—oo

Example 19: Find PSD and the average power for the periodic signal using the
correlation function. x(t)=A cos (wot+8)
Solution: x(t) = %ejeej""ﬂt + %e‘jee‘j""ot
2 2

c; = Eeje - i) = - andc,= Ee‘je - lc_4|? = T
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- . A2 A2 A?
¢(1) = z |cp|? eMWot = Ie""’ot + Ie_lwot = — cos Wot

n=—oo
A? A?

PSD=F{$(1)} = F {=-cos wot | = Z-2m{8(w + wo) + 8(w — )}

The average power= ¢(0) = A;

Tutorial Sheet No.1

1) Determine the complex exponential Fourier transform for the following

periodic signal shown.

i) x(t)

A
-Tq/Z TOI/Z
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| [ I |
T, T2 o2 T,

2) Consider the triangular wave x(t) shown in Question (1-ii) using the
differentiation technique find the complete Exponential Fourier series of

x(t).

3) Find the Fourier transform of the following signals using differentiation

roperty.
PP (0
1 3 12
1

t T
) 2 -1 -1 1

-2

4) Repeat Question (3) using sine and cosine integral.

5) Consider a continuous time LTI system whose step response is given by
s(t)=e~* u(t). Determine and sketch the output of this system to the input
x(t) shown.

X(1)

t
-1 1
6) Find the autocorrelation and the crosscorrelation function for the
following functions.

X1(t) Xo(t)
' 1 23
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7) Using the Fourier transform to find the impulse response of the system
described by: y(t) + 2y(t) = x(t) + X(t). Find the output y(t) if
x(t)=e~tu(t).

8) For the transfer function H(w) is shown below find the power spectral
density and the average power of the following signals.

i) x(t)

-2TT -1t/3 /3 21 t
ii) X(t)

[ I

2To -To 0 To 2To
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