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Review of signals & systems

RealScenario Mathematical analysis

s
Continuous & Discrete Signal

↓ ↓
x(t) x[n]

* Periodic & aperiodic

-
To fundfreg :fo1 (H2) x(t= Acos(wot

↓
fund. period Wo = 2 fo [radIsec]

For periodic Signal : selt +Tol = xe(t)
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Remember :

· cos(x = B) = cos(alcos(B) [Sin(1) Sin(B)

· Sin(FB) = sin()cos(B) FCos()Sin(B)

· cos(a) cos(B) = ??

Toevaluate the expression of cos(cos(B) =

cos(x + B) = cos(x)Cos(B) - Sin(x)Sin(B)
+

cos(X-B) = cos(x) cos(B) + Sin(a) Sin(B)

cos(d)cos(B) = 1 cos(x+B) + + cos(x-B)

sin(G) Sin(B) =1 cos(X-B) - 1 cos(k+B)

·Sin(x) cos(B) = ?

Sin(+B) = Sin(x)Cos(B) + cos(x) Sin(B)
E

Sin(-B)= Sin(x)Cos(B) - cos(x)Sin(B)

Sin(x)cos(B)=sin(x+B) +1sin(-B)

cos(alsin (B) = (Sin(+B)- Sin ( -B)

·Cosa) = 1 + 1 cos(2)

· Sinx) = t - 1 cos(22)

! Note : to check the periodicity
Difx(t) is Single tone

leg ; x(t) =Acos(fot) or self) =Asin(fot) =>Periodic Signal
Wo Wo

selt)= 3cos(zTt) , x(t) = Sin(I with To=Wa

Wo = Zitfo Efoto
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② If x(t) is multiton leg: x(t)= A,cos(Wit) +Azsin(Wot) + , )
Tocheck theperiodity Drational/ a rational number

②GCD

Ex : check if the following signal is periodic or a periodic
x(t) = 3cos(2t+ +2sin(t)

WI W2

wz = 2πfz
2π= 2πf, Gott = 2fu
10 = nifs 30 = n2 fo

=Rational Number Periodic Signal

if ni = 1 => 10 = (1) fo -> fo= 10Hz Periodic Signal&
sin + cos

=> x(t) = 3cos(2π(i)(10)t +1) + 2sin(2π(3)(10)7) fundamental 1)5

frequencya
ifwe apply x(t+To) = x(t) where To t integers

values=

SingularityFunctions :

DStepfunction =to
A ...

to

AUCt+to)
=

A Act -E
to

Sketch the following Signals :

ax, (t) ax, (t)
&xi(= yu(t+ 4) 3 &x2(t) =

-3u(t+4) - 4
S

> t t
- Y - 3
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~Spost,ni
-

--③x3(H) = 3u)- 2t +4) jj1
-

&=&
=3u(E-2)

u(t)
3

- = 2

%.

/) j9

-81
-

④xy(t) =
-3u)- 2t + 8)

=- 3u( - 2(t-4)) 4
I

- 3-

② Ramp Function

r(t) = t +30 t r(zH) = 2r(t)

[ o 0. W

Ex : Sketch the following signal
x(t) = r) -2t + 8) S

- 2t + 8
g

= r( -2(t - y)) &
↑ 4

&N/jy5(j)
(5-2 ,%lg

③PulseFunction T /

Sketch x(t) = AnT(xt+B)

assume A
, x, BC o

- A
1/X

Aus : x(t)= ATT(x(t+)
C 3

Amp. scale center & &

↑ ↑ , it
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Ex : Sketch the following signals

x(t)= 3π(-2t+ 6) Remember : x(t) = xl-7) even

= 3π( - 2(t-3) x(t) = - x)- 1) odd

= 3π(z(t-3)

3
Ex : Express the following signal

- -3 - 1

I 3

7 9
I &

- 2
atF = 10

x z (t)

& in terms of pulse function
To = 10 sec

x(t) = x , (t) + xz(t) selt) =EXCt-onI
where x, (t) = 2 iT(+ (t+2)

xz(t) =
-2π)t(t-2) where se , (t) = 2πT(E2) -2π)t=)

x(t)= 2π(t - 10m+2)-2π(t -10- 2)
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Toevaluate x(t)

x , (t) = π(t)
- 12

- 8
-2 28 12

① I

① Evaluate the fundamental period To
-22

&

To = 10 sec x(t) = [x. (t-1on) B
- x

② Evaluate the fund. freg . -InY
fo # = Hz

③Express alt) in terms of pulse function

④ Impulse function SCt)

a Area

SAS(t- to) =

1
toso

A - - - - x

if A = 1 = unit impulse function
to

Impulse functionproperties

O S1-t) = S(t) even ↑eS(at) = 1 f(t)
(a)

③ x(t)S(t-to) = x(to)S(t-to) [Sampling theorem]
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Example : Evaluate :

(2tz+5)f(-2t +8) =(2t+S)f( -2(t - 4)

=(2t2+5)8(2(t -4))

=(2tz + 5)
. tf(t - 4)

= 37 . 18(t -4)

⑪HS(t-todt = x(to) titta SiftingI 8 8.W

Evaluate :

9(2zn + 5)S(-27 + 8) =

S⑤x(t) * S(t-to)
=fx(t

-3)8(3- to)dy = x(t-to) periodis signal
5

I

*19

Ex : ↑ x(t) Convolution

& M

-2 - :0 3
*

π)4)(8(t- 102) - 2 2 - 10 10

x(t) = π(f) ** S(t- 10n)
= Gn(t - 10n)

n =- 2
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Power signal & Energy signal

((t]R
mus

--
P(t) = U(t) i(t) - T T

= icH(r)-55

Paug =LimFirst
E=imYet a

T

In general E =Lim(x
T

Paug =LimI

Note: Do< P( & E = * -> Power Signal (EX : PeriodicSignal

20< t<x & p = 0 - Energy Signal (Ex : Time limited or bounded signal

For the following Signals
2-

O
1-, &

- I I

③ x(t) = 3 sin(ott)

I ④x(t) = 3cs(bott)

Bounded/time limited aperiodic->periodic Check Energy/power
↳ a periodic Conv.

+ train ofdelta for each signal
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For the following Signals Check Energy /power for each signal :

2-

D-
Bounded/time limited

↳ a periodic

&

I

- I I

aperiodic->periodic

Conv.

+ train ofdelta

③ x(t) = 3 sin(ott)

④x(t) = 3cs(bott)
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T

E = LimPi
,

T+[x(+)de
T

- T T Paug =LimI

E=Limx
-Imatdtdt
= Im(o + 1 + (4)(2)+ (1) + o] Answer

T
: Energy Signal

Pauy =Limd=

& Not energy or power Signal
- I
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③Asin(Wot) (In general

E = LimYArsin(wotd
= Limcos(zwot

= Lim-(in-sin(2
= Lim

2

. 2T = 2

T- &

P=im 2 =

InGeneral
,
if x(t) is periodic Signal E Paug =/I de

:
- 94 0g

Sinkoss is Power11enging Square waveowl's *

* powers'
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Fourier series

·Trigonometric FS

x(t) = 90+ancos(nwot)bnsinnt
where :

do ,
an , bu are trigonometric coefficients FS.

do=Xdt an=selfconwoldt bn=sinnwot

Remember :

· if alt) even zanv , bn = o

· if selt) odd => An = o , bn

·Complex exponential FS.

x(t)=Xeinwot where Xn : complex exp.
Coefficient FS.

An=x(Henw de

Remember:
if Trig .

Coefficient FS are known

n)0 +(e) -tan) n >0X.ansben) no E= Ma+(E) tan"(i) no

ao n = 8 ao 4 n = 0

· /Xn) = /X-u) even and Exn = - Ex-n odd * If Xn known =>

an = a-n and bn = b-n an = zReEXn3
bn =

- 2 EmEXn3
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Ex :Consider the Following Signal :

X(t) = 3 + 4 Sin(Soitt) -6cos(soit)

a- Evaluate the trig .
Coefficient FS.

b - Evaluate the complex Exp Coefficient FS.

c-Plot the Line Spectra amp,
and phase shift.

d- Evaluate the total power.

Ans : X(t) = 3 + 4 Sin(Saitt)-6cos(Sort
wi = 50 wa = 30t 5 = when ni = 5 = fo= 5

f = 25 f2 = 15

fo = m, fo fo = n2fo

X(t) = 3 + 4 Sin(2n(s)(s7t) - 6 cos(2it(3)(s)t)

@ = do = 3

bn = 4 n = 5 do = 3an %s an I80. W O O .W

D D
Xn = t(-6-jo) n = 3 Xn =

34π n = 3

+( -6+jo) n =-3 34-T n =-3I↓ (-jy) n = 5 I 2 4 -T/2 n = 5 - 3 = 34π
34 -T

t(j4) n =5 2kπT/2 n =5
est= cos(b) +jsin(0)

3 n = 0 34 D n = 0 3eπ=(cos(T1)+jsin()
=- 3

G 0
.
W O 0

.
W 3eπ= 3[cos(-π) +jsinH)]

=-3
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Fourier transform

selfactt Note : (x(f)) = (x(-f)) Even

40x(f) = - 48x(f) Odd

x(t)
=fx(t)ej2πf)d5 · if X It) even -> X(f) real

· if x(t) odd -> X (f) imaginary

Ex : Evaluate the FT of the following Signal
↑ x(t)

A

>
[12

x(f) =x(t)2πftdt =Sae2πftg
-[12 At

I
1= Atsincltf)o

-
Zero crossing

Theorem of FT

①Linearity

f(x(t) + xz(t)] = X,(f)+ Xn(f)

②Scaling

f(x(at)) = taX((q)
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Ex: Evaluate the fourier transform of the following signals :

M = ↓

- 2 - 1 12 - 2 2 - I I

Ans: X(t) = Xi(t) + Xz(t)

= π(y) +π(z)
=> x(f) = 4 Sinc (4f) + 2sinc(2f)

⑬Time-delay

f(x(t-zo)) = X(f)ej2πft

Ex : Evaluate the FT of the following signal :

his

Ans: x(t) = X, (t) + Xz(t)

=π)t-3) +T(t- 3)
2

x(f) = Usinc(uf)ej2πf(z) + 2 sinc(2fjj2πf(3)

Ex: Evaluate FTof(-3 t + 6)

Ans : X(t) = +)-3(t- 2)) =π(3(t-2)
· ziTf(z)

x(f) = 1 sinc(1f)e)
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⑪ Frequency transition

f[x(t)eifoty = x(f-fo)

⑤Modulation Theorem

S[x(t)cos(2Tfot)] = tX(f + fo) ++x(f-fo)

Ex : Consider the followingSystem ,
Evaluate & plot the FT of X(t) and C(t)

x(+)
, X

Si+ ]
>

where XIH = 3(3t)
a

C(t) = cos (bott)

((t)

x(t) = 3π(27) XIf)
=3sinc()

N - M

-

3 ·

i -
si

- IS 15

Remember :

Time-domain Freq .
-domain

& xilf)a
A A

· p
P

-
x, (t)= Aπ(z) I~ x, (f) = ATsinc([f)

E t

Am Xz(t)NAT

②T +
xn(t)=AX(])~ x2(f)=Atsinc(if)

- -

&
1

a

Xy(t) = A

AS(f)

Xy(t) = AS(f)
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b - Evaluate& plot the Fournier transform of S(t)

Ans . S(t) = C(t)x(t)

= 3π(2t) cos (Sortt)

= 3.t . 1 Sinc(t (f-15)) + 3 .t-Sin)t(f+ 15)

.......

un
& *iss a

-15-2 -15+2 15-2 15+ 2

Method : f(SCH] =S(UH)cht)

=G(x(t))#f[Cht)]

= Sinc * [S(f)S(f+
=Z · [sinc(E) *S(f-15)+2t sinc (E) S(f+ 15)

= Sinc(f
-(d) +&Sinc(f+15)2

⑥ ConvolutionTheorem

f[x, (t) * xz(+)] = X,(t)Xz(f)

Ex : Evaluate the FT of :

y(t) = X , (t) # Xz(t)

xi(t) =π(E) and x2(t) = (E)

Ans : S[y(t)] = f[XICH)] · f(X21E)] 2

= 2 sinc(2f)2sinc(2f) - ~

= 4Sinc(2f)
-Tz t
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⑦Duality theorem :

X(t) > X(f)

X(t) < x(f)

e. g. π(t) < sinc(f)

Sincht) (TT-f)

Ex: Evaluateplot the FT of X(t) = 2sinc(2t)

Ans : X(f) = 2
.& (- E) =π()-

⑧Differentiation & Integration

5/ax] = (jfXf

8xcalds] = jenf x (f) + c8(f)

Ex : Evaluate theFT of theSignum function, which is defined as :

1 .8

Ans : Sgn(t)= 2u(t)-

[[0sgnCH] = f[2ST

- 1 . 8

j2ff[SgnCH] - 2

f(sgnc)] = jef

STUDENTS-HUB.com

https://students-hub.com


Ex : Evaluate theFT of the following signal : * (t)=
= X(t) * 1

Tt

Ex : Evaluate the Hilbert transform of XIt) = cos(zott)

Ans: HilbertTransform can expressed as : phase shift s
-

90
,12,y

* (H) =1x d=*x
x(f) = 5[t]f(x(+]

since [sguct)] and F[it] = - Sgn(f)
=>[(z) =

-jsgn(f)
=> Y(f)=-jSgn(f). X(f)

X(t)= cos(zott)

In our example :

X(f) =
-jsgn(f)X(f)

where X(f) = 1 S(f-10)+ S (f+ 10)

=> x(f) = -jSgn(f)(t S(f-) + 1S(f+ 10)]

j1 .0
a ..... --- at -... jt

10

= -10

- 10 16

-j1 . 8
-jt ------v

*(f) =j1S(f+ 10) -jtS(f- 10)

↑
jait (10) +

X(f) = jej2π(0))-e
-j2π(Idtjat(07-e = Sin(zott)= C

j2
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Fourier transform for periodic signal

Ex : Consider the following periodic Signal
&

j2πnfst

a x(t)= 8[xns(fns

A

- zi
Calculate FT of X(t)

Ans :

x(t)=Xenf p(t)

A A M -ann

! Is I *
-Is = - - B - ITs -Ts Ts 2TS

jznfst
S(x(t)) =f[p(t)]f([S(t-mis)]8lt-mis

To Evaluate(([Slt-mTs)]

=>F(t-mTs]=EnIf
&

Remember : Evaluate FT for the following: To Evaluate Cn :

① X,(t)= 3 8) X,(f) = 3 8 (f)
-

②X(t)=beat 8
, X2(f) = 38(f- 10) Cn

=> x(f) = p(t)CnS(f-nfs) > X(f) = p(f)& S(f-nf)=P(f)SIf
=Efsp(nfs)8)f-nfs

=> Xn = fsp(nfs)
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Plot x(f) In Our Example : @X(f)=Esplnfs)s(f-nfo)
x-
2x-121x

N

Ifs -fs fs Ifs
where p(t) = ATT(E)

A

5) p(f) = ATsinc(Tf)
- T

=> x(f)
=[fsAsin(infs)S(fnf

Ex : Consider the following periodic signal :

a X(t)

· h
-1 - 10 -9 1911

Ts = 10

& Evaluate theFT of X(t)

X(f) = [fsplufs)8(f-nfs) where fs = to

p(t) = 1(t) > p(f) = sinch(f) => x(f)
=Eatsin()S(f-

- I I p() = sin(n))

DEvaluate the Complex Exp. FS

Xn = fsp(nfs)=Sin() xo = tsin
(o)

A

②Plot the Spectrum of X(f) M a X1 = tosin (to)
& A

-20 - 10 10 20
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Filters :

rect)
, h(t) > y(t)

LTI = y(t) = x(t)* h(t)

letta
RC dy(t) + y(t) = x(t)

It

S[rc dy(t) + y(t) = x(t)]dt

=> RC jaif Y(f)+ Y(f) = X(f)

Remember :

-
Hmax = (H(d)

x(f) > H(f) < Y(f) -fabLTI

or cut off freq.
= Y(f) = X(f)H(f)

H(f) = Y(f) Remember :

X(f)
1 H(f))" = 1

2

[j2πfRc+ 1] y(f) = x(f) 1 H(f)) = 1
E

H(f)= Y(f) =
I

= 1Lo To convert from Linear
X(f) 1 +j2fRc(InfR@< tan' (2nfRC) -> dB

=> (H(fil =
I X-> 10log(x)

#(2πfR(2 P= X-> (0log(x)
LOH(f) =

- tan' (ettfRC) 20log(x
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To Evaluate fadB

↓ Hmax = (H(fdB)

(1) =
I

+(2πfzdBRC)2

2 = 1 + (2πfzdBRC)2

=> fzdB = I if fadB= 2kHz = circ ,
and if R = 2kr

2πRC
=> C = ?

D Low Pass Filter (L . P. F)

k gain = Amp.

of Output
Amp.

of input

- f 3dB f3dB

↳ out off frequency

② High Pass filter

H(f)

----
--

M
- fsdB f3dB

③ Band Pass Filter

alH(f)

"
--E

-

i
- fit-fo-fu fr to fit
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Ex :Consider the following System

Assume
m(t)

,Blackf m(t) = 2cos(30t) + 4 Cos (bot) +10cs (100TTH)

①Specify the CKt inside black box to Obtain y(t) = Gcos(3ott)

Ans :
u(f)

&
Y(f)

>

M(f) = S(f-15) + S(f + 15) + 2S(f-30) +28(f+ 30) + 58(f-50) +58(f+ 50)

Y(f) = 38(f-15) + 38(f + 15)

L . P.F
a-- - --3

d- ->

- Edi I ea 3
- 15 IS

-50-30-1515 30 So

15 f3dB <30

k= Amp,
ofOutput =

3

Amp.
of input T

Types of Filters :

①Specify the output of the System ifblack Box contain B.P
.
F as shown below

↑ H(f)

mit))
Y

,

a --- -- 4

Y(f) = 48(f+ 30) + 48(f=30)
-30 30

~ y(t) = Scos(b0πTt)

-50-30-15 15 00 So

STUDENTS-HUB.com

https://students-hub.com

