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Analog Haberfegme

Uygulama 1: Systems, Fourier Series & Transform

Original notes: Analog-Uygulama-1.pdf

GTU - Elektronit Miihendicligi

kaynaklarini esas alin.

UYARL Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders

NOTICE This document was transcribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or
omissions. Always check against the original notes and official course material.

1— Example
Classify these system into linear and non linear

@) y(t) = 2x(6) - 3
b) y(t) = e~“x(t)

Linearity Cond:

x(®) 15 y16)

x2(6) T, y2(6) yi(€) y2(t)
»)
x1(€) = y1(6) = 2x1(6) - 3
x2(€) = y2(6) = 2x2(6) - 3
x3(£) = ax1(£) + bxo(t)
— y3(t) = 2x3(€6) = 3 = 2ax1(€) + 2bxy(€) = 3
# a(2x(0) = 3) + b(2xa(6) - 3)
non lineer!

b) y(£) = e~x(t)

x1(6) = y1(6) = et (6)

x2(6) = y2(6) = e s ()
x3(t) = axy(€) + bxz(6)

— y3(6) = e’tX3(t) = e fax; (¢) + e'tbxz(t)

=a yi(6) +b yo(6) v
—— ——
e tx(t) e txy(6)

lineer system

Tlax1(6) + bxa(6)] = & Thx(6)] +b Tlxa(6)]

Example

Determine whether the following systems are time variant or time invariant
a) y(€&) = 2x(€) + 3
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Analog Haberfegme Uygulama. 1: Systems, Fourier Series & Transform

b) y(&) = (£+2)x(6)

Time invariant cond:
x(€) = y(6),  x(E-to) = y(E-to)
)

2x1(6)+3

x1(6) = yi(6) } y2(8) = y1(E = to)
x2(6) = x(€ - o)

2x2(8) + 3 = 2x(E—bp) + 3 = 2xy(E—to) + 3

2amanda degismez

)
x1(6) = y1(6) = (£ + 2)x1(6)
x2(6) = xq(t = to) = y2(6) = (£ + 2)x2(6)
yo2(€) = (E+ 2)x1(€ - to)
?
y2(€) = y1(t - to)
?
(t + Z)X](t-— fo) 7 (t-— to + 2)X1(f-— to)
time variant
Example
]'A system is causal if its input at any time ¢ty depends on the input at times prior to tg
y(to) = T[x(t) : ¢ = to)
A nessesary an sufficent condition for an LTI system to be causal is that
its impulse response h(t), [the output when the input is 5(€)] must be a causal siggnal for ¢ < 0,
we must have h(t) = 0
h(t) = ﬂ(%), LTI system is causal?
ATI(¢/) TI(/6) n(e) = n(%)
\ A \
1
¢
—1/2 /2 -3 3 0 l 6
causal
Example
Determine the Fourier Series Expansion of the following signals.
[orig. p- 3

a) x(t) = Z A(t=n)u(t—n)

n=—00

D) x(&)= Y (=) 8(t—nT)

n=-—00
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Analog Haberfegme Uygulama. 1: Systems, Fourier Series & Transform

Fourier Seri Agilimlar

Trigonometrik FS:

x(6) = ag + Z(an cos(nwot) + by sin(nwot))

n=1
1 2
ao = 'J x(€)dt, an = kJ x(€) cos(nwpt) dt
To TO TO TO
b, = EJ’ x(6) sin(nwpt) de
To 1,
kompleks ExpFS:
[e.e]
. 1 L.
x(t) = _Z Xn ejnwot’ Xn = T'OJT x(6)e Jnwot o
n=—00 0
an—jbn | L g

Xn =

2 ,,,,,,,,,,,,,,,,,,

a) dnce n = 0 ve n = 1 igin gizelim
n=0 — A(t)u(t)

AA2) Ll ’\ ,,,,,

-2 2 1 2

o0

At =n)u(t—n)

n=—

orig. p- 4 kompleks FS
1
X0 = 1‘[ x(€)dt
G

0
=%
= TOJ (©)de
—Jo(T—t)dt—E
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Analog Haberfegme Uygulama. 1: Systems, Fourier Series & Transform

TO =1
dogrunun egimi
y-Yyo = m (x = x0)
y—1=(-Nx
ylt) =1-¢
TO =1

1 . 1 . 1
n#0 — xp = J NOEELEE J (1— ) eI g = J
0 0

1
e—jnZTtt det _J te—ijnt det
0

0

I

o 2m
= e—jn2n6‘1 . [e—jMZN_eO]
jn2m 0 jn2m

——
I :J te 2T Gt
0

b
UVI? = J vdu — kiomi inteyra.ryou
a

U =|¢ e In27t Gt = Gy
_1 )
du=dt — g jnemt -,
jn2m

A
=(¢. -1 e—jn27rt _J | 1 e—jn27rt dt
jn2m o Jo jn2m

1 ; 1 ; 1
- __ | ,—jn2m bl —jn2m _
jn2m £ n2an2 © n24m2
1 N 1 1
jn2n  n?4n?  n24n2
jn2m n24n2 1 jn2n

Xn e—jm27t

. ', —, i
Ustel FS: [ x(€6) = = + Z _ gin2nt
2 m#OJMZT[

jile garpalim

o = An=jbn _ =

" 2 jn2m n2m
1

am:O, bm:l
nT

1 = 1
x(t) = 3 + ; — sin(27nt)

b)
n=0 = §(t)
n=1—=5(t-T)

Clavde ile dijitallestirildi - hata igerebilir / Digitised with Claude - may contain errors ‘// 12



Analog Haberfegme

DOrtl katarinin £S acilimi

|

Uygulama. 1: Systems, Fourier Series & Transform

1

x()= Y 8(t—nTo) = Tio 3 oot

n

x() =) 8(t-n2T) = > 5(t—-T—-n2T7)

|| [N I

—aT

Determine the S expansion of the following periodic signal

]7 Example

=27

2T aT =37 =T T 3T
1 . 27T 1 . 27T
F) = gnsrt _ " 57 (€=T)
(0= 572 2T
n n
1 . T . T . T
= e}Vth L e}mft —JV(T'T}
2T P { L/—/

U4

eI = cos(—nm) + jsin(—nm) = (=1)"

1 jin7- n
?T;el S @)

\

1
1 — ntek

Xn = ﬁ_(" _ (_T)Vl) = Tl
0 nift

\|

o YT, tel
B
n

0, nift
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1— Example

Analog Haberfegme Uygulama. 1: Systems, Fourier Series & Transform

original drawing, p. 6

4@:%

y T 4

1 |
— J x(£) e Inwot gt
To

\

X,
n TO

Xy["k

|

M—l

\'

|

1 |

~l
Jd
S
~
Q
o~

Claude notu: birinci satirda Ustelde, ikinci satirda ise integrandda £ garpani yazilmamis; sonraki adimlara gére
(u = £) muhtemelen x, = # fITte-j”ﬂ% deé olmal.

u=t eIMF e = dv
du=dt —— e’j”ﬂTt =v
Fiddys
I
_ %[(t. 1)
2T jnT T

T
—J —% eI Gt
LT _}VIT—

Sonuca giderken & = (=1)"

xo 1 ayri olarak bul &dev

Classify the following signal into periodic or non periodic

x(t) = 2%/\(“5”) —;/\(t— an)

n:O—ade:x(O=2A<§>—A@)
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Analog Haberfegme Uyguloma. 1: Systems, Fourier Series & Transform

original drawing, p. 7

bunlarin farki

original drawing, p. 7

original drawing, p. 7

To = 4 ile periyodiktir

Example
TFMO{ the Fourier Transform of the following signal
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Analog Haberfegme Uygulama. 1: Systems, Fourier Series & Transform

oA (?4(_, y

Lres Leo

original drawing, p. 7

X(H =7

svn Q’\Fo ("J

NI \p—//’\

~

original drawing, p. 7

b=t t+ o
x(¢) = sin(2mfpt) - ]‘[( 14fo ) - sin(27rfot)ﬂ< 14FO )

2o 20,
0= o1zt ) (e )
al x2(¢€)

x(€) = x1(6) - x2(¢)
l
X(F) = X1(A ® X2(H

sin(2mfpt) 7, —21j [5(f+ fo) = 8(F— fo)} — X1(f)

Aﬂ(i) Sl AT sinc(fr)

x(t = to) = X(f) e 2o

Xz(f)=”<i@,(t‘ é))—ﬂ(%o(u é ))

1
T= 57— I 1 — 1
2fo tO’W 60’—%

N 1 —jonf g
Xo(f) = 3, smc(f 2fo)e 0

T 1 '27{F~%
—%smcof-l)-e' o

= %O . simc(Z'l;o) sim(%)
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Analog Haberfegme Uygulama. 1: Systems, Fourier Series & Transform

X0 = X2()® [5: (6 Fo) = 5(F + )]

- ;jx2<f>®6<f—fo>—2’jx2<f>®é<f+ )
X2 (f~fp) Xo(f+fp)
X(O)5(t — to) = x(to) - 8(¢ — to)
X(f) (€3] 6(f - f.'o) = X(f — to)

1— Example
x(6) = 4/\<2> cos(2nfpt)

Find the Fourier Transform

s AA(t/T) — ATsinc? (FT)
cos(2nfot) — %w— fo) + %5(” f)
x(t) cos(2mfpt) — %[X(F— fo) + X(f + fo)]
Example

x(6) = A(2t+ 3) = A(3E—2)

Find the fourier transform

Reminder
AN(tft) — Atsinc? (Fr)

x(t - ko) = X(f) e F27fo

@ A(55%) -2 (557

A=1 A=1
T=1/2 7=1/3
to=—3/2 t0=2/3

1 F\ 1 fi ;
X(f) = 5 sinc? <2> 23 _ 5 sinc? <§> 273

Example
TFouvier transform of a signal is

X ()
Y

N
L] v ’F
_500 900

original drawing, p. 9

Determine and sketch the fourier transform of the signal

Tx(6)

x1(t) = =x&) + x(£) cos(2000mt) +2x(£)  cos?(3000mt)
—_——— —_———
2mfot % [1+ cos(6000mt)]
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Analog Haberfegme Uygulama. 1: Systems, Fourier Series & Transform

(Not: —x(€) terimi kirmizi kalemle gizilerek iptal edilmis.)

orig. p. 10
[ 1 1
X1(H = EX(/‘— 1000) + 5x(f+ 1000) + 5x(f— 3000) +

%x(m 3000)

2

cos® o= = (1+ cos 2x)

w\~

Example
x(t) = tsinc(¢t)

Find the fourier transform

1. yol
sin(7t)

sinc(¢) = T

— 27Tfof.'

x(6) = :—Tsin(nt) Imfot = mt

1

=2 = —

fo =7 5

1 1 1

0= 355(F-3) - 30( 3)

2. yol Reminder:

j dX(f
tx(t)—>2—ﬂ—df

x1(£) = sinc(€) — X1(f) = TI()

N K,; (I-J

>

-4’2, A/z ’F‘

original drawing, p. 10

)
“0-1(03) (-
0 (- 3)-o-4)

x(t) = sinc(¢) ® sinc(t) = sinc(t)

Example

Prove.

FLa(t) = x2(O} = X1(F) - X2(h
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x1(6) = sinc(€) —  Xq(f) = TI(F)
xo(t) = sinc(t) — Xo(f) =TI(f)
X(A) = TI(F)
LF]
x(¢) = sinc(¢)

—>
) ‘VL[_

original drawing, p. 10

Example
1
= =7
=15 X
Reminder: 5 5 :
gl |, | | 4% | | | el |t
o? + (27f)2 an? [%1224.,:2]
Dualite
x(€) = X(A)
X(&) = x(=f)
R =12
417_[2 =1 = - =4n" = =21
2-2n 1 111
V- el rine
x(-f) = o~ M-l = g—alfl = gl = 27l
Example
w .
X(f) =7 = J x(£) e T2 gt
-0
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Analog Haberfegme Uygulama. 1: Systems, Fourier Series & Transform

/N k((’)
e\bﬁ“'\ A
/ >+
-1 1
4 -x
U4 A P
5w xcr) =61

original drawing, p. 11

0 , 1 .
mo:J &+Deﬁ%ﬂdbﬂ[&—0eﬂh&m
-1 0

sonug = #[1 — sinc(2f)]

O . O .
:‘[ teJ2 gt + J e J27ft g
-1 -1

WA =] .
e—)27rft

jenf

1 1
+J ¢ o J2mE i _ J oi2mft g
0 0

g

T2 — e—jznft‘T
janf 0

orig. p- 12 kismi integrasyon
b b (b
J vdv =uv —J vdu

a a a

O .

.E=Jvteﬁ%ﬂdt=

-1

y=£ e 2T gt = dyv
-1

du=dt|] = 41— —j2nft —
1 jonf® Y

= (5ﬁ%;
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