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GTU - Elektronit Miihendicligi

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

kaynaklarini esas alin.

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.

Bazi 6nemli igaretler

Unit ctep cignal

(Birim basamak isareti)
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orijinal ¢izim, s. 1

Rectangular pulse cignal

Dikddrtgen darbe isareti
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Triangular pulse cignal

Ucgen darbe isareti
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orijinal ¢gizim, s. 1
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Sine pulse cignal

(sinc darbe isareti)
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A(E) =TI(E) ® TT(¢)

sin(7t)
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orijinal gizim, s. 2

Son cignal

(isaret fonksiyonu)

1, t>0
t) =
9n(t {—1, <0
\ 59“""-)

11

orijinal gizim, s. 2

Unit impulce (Dirac delfa function)

Birim darbe fonksiyonu

oo, t=0
5(¢) =
© {O, diger
See)

E

>
Cal

orijinal gizim, s. 2
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(o.0]
) J 5(6)de = 1
—00
2) Sifting [/ sampling property

f(f)&(f - to) = f(to) 5(t = fo), to = sht

to +o

orijinal gizim, s. 2

b

f(to), t b
FE) 5(E - tp) dE = { (to) a<to <
a0 0,  diger

F(to) 8(t~¢o)

b
1 to < b
J 5(E - to)de = 2%°9 <
a 0, diger

3\ vazo | |s(@t)l= %5@)
a=-1= d(-t)=8(t) ift fonk.
a) [0 ® 5(6) = AE)
f(f)@é(f— Co) = f(f—fo)
t U
5) u(t) = J_Ooé(oc) SN AL d(:)

Fourier ceries

VE x(E+ To) = x(£)

X\(ﬁ)/ — Z C”ejZﬂmfot

S aglini 7T

1 (Tol2 .

Cn =|— J x(£) g~2mnfot gy
~~ To J-1o/2

FS katsayilan

To . .
J gl2mnfot g—j2rmfot 4p — 0 m#n
0 To m=n

Cn = |Ct/||ejeyl

con = lcnl e
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Parseval teoremi

Orneb

px=kJ (12 dt =
To J1,

n

Temel igaretler, Fourier dénigimd, Grnekleme

1)
Z el

=—00

x(¢) = 2sin(100¢)

27

2

wp =100 = 2= — To = - sn

0

0 7/S0 Jo

O 0: Frekansi iki katina gikmis, periyodu Tp/2 onun igin

x(t) = 2sin(100¢) = 2 (

To /S0
o, = ij ()2 = —— J
To

S50

4 sin?(100t) dt
~—_————

3 [1—cos(2008)]

1 7'[/50
= ——72 dt = 2 watt
/50 Jo 1
/SO
AZ
PX:7=*:2wo\tt

o100t _ ,—jl00t

2j

2

Px = Z |Cm(2 =
n

!
j

Orneb: Diirtii katan

0

>"1.
J
~~

x()= > 5(t—nTp)

n=—0o0

axclt)

T

]

1Te
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Sayical Haberlegme Temel igaretler, Fourier dénigimd, Grnekleme

Tol2 .
cn = LJ x(t) eJ2™fot g = 15
Tol2 ~~~ To
5(t-0)

oJ2mnfp-0 -1

x() = i C“ej27mfot Z ol 2mnfot
n=—00 n=—00

x(¢) = Z 5(¢ - nTo)— -+ Z el27nfot
n=—00 n=-—00

0 0

Foumer Donugumu

— Periyodik olmayan isaretler igin

Dirichlet sartlari

) J IX(E)l dt < oo

2) IQeel eksendeki herhangi bir sonlu aralikta sonlu sayida maksimum ve minimum olmalidir.
3- (sureksizligi)

(0 = J: x(6) e T2 gt

x(t) = fooo X() &2 qt!

x(6) < x(0
X(A) = F{x(©)}
x(&) = FH{X(H}
XA = |X(f)l efeX(f)
&emhk spektrumu Fa2 spektrumu
x(€) reel = X(-F) = X*(f)
x(¢) reel ve gift = X(f) @ ve  gift
XOKE xHx()
x(¢) reel ve tek = X(f) sanal ve &efk/
X(O==X(O)  X(=NH=-X(")
Lineerlik:  axq(€) + bxo(¢) i aXq(f) +bX5(F)
—_———
x3(6) X3(f)

F{80)}) = J 5() e 72t gt = 20 = 4

(t 98rindigl yere O koy)
5(6) 1

Tclaude notu: muhtemelen df olmal.
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F{s() = JOO 5() 2t if = 20t = ¢

1
s(f) £ 1
155 500
San() s -
3 jmf
L1 11 ol 1
u(e) = 5 + 5 sgn(t) «— > 5(F) +j27rf

Flo@®) = %5(@ +j277[f

Orneb

N

Nk (k) z AIL (7))
A

>

— -

orijinal ¢gizim, s. 5

o _ T2 oj2nte| 11?2
X(H)= J x(t) e T2 gt = AJ 2 g = g ~
—00 ~T/2 —_}2th _T/2
A o~ JTT _ gnfT
Tof | =2 | |
sin(7tfT)
___sin(nfT) _ i
X(f) = ATn—fT = AT sinc(fT)

t
x(£) = AH<T> < X(O) = AT sinc(FT)

nfT =k, ke Z-4{0}

f=

~i
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Sayical Haberlegme Temel igaretler, Fourier dénigimd, Grnekleme
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orijinal gizim, s. 6

BG = — Hz2

~l =

2amanda Frekans vzayinda
T X BG = 1/T

Dualite szelligi

x(6) < x(H
y(&) = X(&) «— Y() = x(-f)

x(€) = ,4]‘[(?) —— X(F) = AT sinc(fT)

AV DD
VY

orijinal gizim, s. 6

-'T/-)__ T a1

y(6) = X(t) = Asinc(tT)2 — Y(f) = x(-F) = ATI(—Tf) = Aﬂ(?)

e =T Tse
VAESA »

-
=

orijinal gizim, s. 6

2Clavde notu: muhtemelen AT sinc(¢T) olmali.
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Zamanda oteleme ozelligi

Temel igaretler, Fourier dénigimd, Grnekleme

AT sinc(FT) < — AT (;)

x(€) «— X(f)

x(t — to) —— X(f) eI27t0

ikisinin genlik spektrumu ayni, bant genisligi de aymidir.

Olpekleme szelligi

(scaling property)

x C¢)

1
W

orijinal gizim, s. 6

x(6) = n(t - g)
l
X(f) = sinc(f) e_jzﬂf%

a0, a eR
1 f
Fix(at)} = mx<a>
2aman frekans
f
a>1=  x(at) = LX()
Daralma |al 4
genisleme
1 f
a<l=  x(at) = —X(-—
genisleme |al 2

Daralma olacak
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Sayical Haberlegme Temel igaretler, Fourier dénigimd, Grnekleme

T (o

v

_Af 1

orijinal gizim, s. ?

il sinc(f)

T T

6-"'":[._'_.:’

orijinal gizim, s. 7

t F .
IT(T) ;:17) T sinc(fT)

Konvoliicyon Gzelligi

o o0

x(2)y(t—2)dz = J y(2)x(t—2)dz=

—0o0

x40 = |

—0o0

2() = x(£) ® y(&) < X(F) V() = 2(F)

(5)=n(5) ()
J
TIE {/\(i)} = Tsinc(fT) - Tsinc(fT)

A(;) LN Tsinc? (FT)

Frekancta teleme ve modilasyon ozelligi

x(6) < X(f)

x(€) 2ot F L x(F £y)
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Sayical Haberlegme Temel igaretler, Fourier dénigimd, Grnekleme

0”}'51 eé:

ejzﬂfof + e—jzﬂfof
g(t) = x(t) cos(2mfpt) = x(¢)

2
o V(1) = 5 (X~ o) + X(+ o)
X (e) 14¢e)
B
LN e LN
]
> ) : ! >
-8 ) ¢ - gy = P oD Losd O fovs
&—>
orijinal gizim, s. 8
x(O) =1 = 2t F 5 fp)
cos(2ifot) 5 2 [5(F~ fo) + 5(F+ fo)]
A Ficos(in ot )Y
. >
ko Fo ¢~
orijinal gizim, s. 8
j27‘[fof_ —j27‘[fof
sin(2nfot) = £ 2}? i ;J [5(F— fo) = 8(F + fo))]

Zamanda. tirev

%x(t) o jomex(p)
yUksek frekanslar kuvvetlendirir (Basit bir yUksekgegiren filtre)

dVl

() €5 (2nf)" X (O
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Sayical Haberlegme Temel igaretler, Fourier dénigimd, Grnekleme
Ornek:
(8)=4d A (4]
N X g
I A+t -
LN
1
2 >
-1 -1 0 A
_A & >
2r

X(F) = j2rf F{A(£)} = j2nfsinc?(f)
sinc?(f)

Frekancta tirev

In tegral ozelligi:

X(Al=0 daki deger
X 1 — =
XOL 1T %0

j2nf 2 3()

t
gl J_Oo x(2) itz | D ly(h =

Frekancta konvoliicyon ézelligi

F
x1(6) x2(t) — X1(f) ® X2(F)
~—— —— —_—
By bant genislidi B, bant genisligi 2(f)

2(6)
Z2(f)'in bant genisligi 8 + B,

Periyodik igaretlerin Fourier Donigiimi

Ve x(E+ To) = x(¢)

+00
) 1 .
x(6) = E ¢, &2mnfot. cn E J x(6) gJ2mnfot 5
n=—o00 To To
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Sayical Haberlegme Temel igaretler, Fourier dénigimd, Grnekleme

&2fot (F, 5(F— nfp)

200t . 5(F— nfp)

o0 o0
x(©)= Y cnd?™ot k(= Y cnd(F-nfo)
n=—00 n=—00
Diirtii katan:
+00 1 o0
_ j! i27tnfot
x(t) = Z S(t—nTO)—TlO Z e/?mfo
n=—oo n=—0o0
fo
/1\ 00
F
X = = > 3(F-nfo)
n=—o00
1111
: ! T > £
“Lr -l» £+ 1po
-r:a,.,-l L__-_- H
orijinal gizim, s. 9
Parseval teocremi

= JOO ()2 dt = roo

—00 —00

()1 df
——
ex(f): Enerji yodunluk fonk.

hi&) >

x ()

orijinal ¢izim, s. 9

y(&) = x(&) ® h(6)
Y(F) = X(f) - H(F) — Sistemin transfer fonksiyonu

RP RP
Sx(f) Sy(A) = Sx(AIH(AI?
GYF GYF
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Acil derse gegelim

Kaynak kodfamas: (Source coding)

Ch2: Formatting and Baseband communication

e e = —
o
m.l,m-:-'“(' Somele S R oantize Bncode P01 Pulce L Teansait | leom
basley { . rmod~lade U3
ae- i e
("N ;) Braeklenc] kot loane dli ) orn‘usl b‘“)
R & to d lame 1
o - j J U 4 — — | == |l
V
Lalingeretton For rmating | | Putse i ‘ | |
Oryi™ T\ wits) | Channel | kanat
('%‘)\ 7 1 Cankyiyaleny
Sl Bl B | :e;[—d(t\":‘ L L
)
e L| LP® Oecode UL Saciiite et | Priin
P | [ r(e) = Slorcg
\'\t_o : (kod B2e) ! (0 empdTlasgen) AWG N
rodh — D b || =155 = |

Unges PP

1ex Cual

(]
Pyt &

orijinal gizim, s. 10

Ornekleme Teoremi (Sampling Theorem)
A bandlimited signal having no spectral components above fy, Hz can be uniquely determined by
values sampled at uniform intervals of Ts = 217,” sec.

— In order to reconstruct a signal with a BW of f completely from its samples, the sampling
rate fse 2 2fp,.

En ylksek frekansi fy, Hz olan bir isareti dizgin araliklarla alinan drneklerinden yeniden elde
etmek icin drnekleme hizi fs =2 2f,, olmalidir.

fs: Ornekleme frekans, (sampling frequency)
Ts: Ornekleme araligi (Sampling interval (period))

f/\/ =2fm—>f5?_f/\/

—~—
Nyquist frekansi (rate)

fS:f[\/+6

§ < olmalidir (en az)
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5 f'ﬁ:éo
t

orijinal gizim, s. 11

fs = 2fp olursa Tp/2 de drnek alinir drnekler O olur

Ideal srnebleme (Ideal Sampling / Impulce campling)

orijinal gizim, s. 11

orijinal gizim, s. 11

Diirtii katar
:fs
+00 /1\ 00
xs(6)= D 8(t—nTs) o oxs(h= — Z §5(F — nfs)
~ 1y B A L4\ r]\ ’\\ ]\ '|\ '|\ ]\
| > -~ ] S
~U _Ty 9 s LT ~Ups —ts O sy e
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Sayical Haberlegme Temel igaretler, Fourier dénigimd, Grnekleme

o
xs(t) =x() - xs(&) = x(6) Y d(t—nTs)
. \"/ A n=-—00
Orneklenmis isaret
(DUrts katarli)
+00
= Y x(nTs)8(t—nTs)
n=—00

f(6) (t=to)=f(t0) d(t=to)

’[_ KLTb) KU‘“
ﬂ \ xl'}Ts)
i -
- >

orijinal gizim, s. 11

xs(&) = x(€) - x5(&) = Xs(F) = X(H) ® X5()

= X(F) @ fs ZOO 5(F — nfs)
=fs ) [X(O)®8(f-nf5)]
T X(F~nfs)
(FO)® 8(t —tp) = f(t - ¢p))
Xs(f) = fs i X(f = nfs)

Xs(F) = fs i X(f = nfs)

n=-o00
TG |
_AREF
He?(
AN I RNAN ,\
- b _Fﬂ l"s {-M
orijinal ¢gizim, s. 12
fs —fm > fm
= fs 2 2fn
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