GTU - Elektronit Miihendicligi

Analog Haberfegme

Lineer cistemlerde i¢aret iletimi; enerji ve giig cpektraf yodunlugu
Orijinal not: DersS.pdf

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.

Lineer cistemlerden icaretferin iletilmesi

DUrtl cevabi

——— h(t) F——>y(t) =x(&) xh(t
0O ©) y(&) = x(€) * h(¢t)

Y(F) = X(F)- H(F)  (H(F): Transfer fonk.)
Y1 %O = 1x(p O . |H(H| O
V(AL = IX(O1 - 1H(A)

Oy(f) = 0x() + 04(F)

+— Ornek

x(&) ——> At) F——>y(®)

x(6) =3+ Scos(3t + g), H(F = j20mf =10 - j2nfF = h(E) =10 :t( )
a) x(t)'nin periyodu? y(€)'nin periyodu? b) Px =2 ) y(t) =? d)Py =7

27 27
£)=3+5 3 e+ 2 =3=2nfp = — Tox =—
a) x(€) cos(?),o_/ ) wo i 7 = Tox= 3
* LTI sistemde ¢ikisin frekansi giris ile aynidir
27
Ul= Toy=Tox= =
b) P —32+52 =21Swatt  (wp=3=2nfp = fo = 3)
X 2 ) 0 0 0 27_[
. 3¢ . L0
x()=_3 + Ee}n/ﬂr ejwo + Ee—ﬁ'{/4 e3¢
M~ 2 2
X0 —_—— —_—
X1 X2
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s\? /5\?
= PX:Z|X“(2 = 32+ <2> + <> '—:21,5 watt

2 2
n

0) Y(F) = X(f) - H(F)

F
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H(f) = j20nf

X(A) = 35(F) + %efﬂm 5(F— Fp) + ge—j”m S(F+ Fp)
Y(F) = H() - X(f) = (j207F) [35(0 + gef”/46(f— fo) + ge_j“/46(f+ fo)

: : 3\ S
= 35(f) - j20m(0) +j20m (%> —= A5 (F — fo)
3NS5 1
i _ 2 ) 2 4
+j2071 ( 27[> 5 € 5(F+ fp)
= 25 j? 5(F—fo) — 25 je TR 5(F + Fp)
—— —

o)37/4 e~J37/4

Y() = 2533 5(F — o) + 25e T34 5(F + o)

3
—~ = 37T
y(t) = 150 cos( 27tfp t+ ?>
2
Py = TSTO watt = 11250
_ h(e)
x(£) y(©)
periyodik periyodik
x(t) = an ol 2mnfot y(t) = Zg“ ol 2mnfot
n n
X = Y xn 8(F~ nfo) 0= Y yn(F~ nfo)
n n

Y(F) = HIOX(F) = H(f) ) xn S(F = nfo)
= Zx,, H(F) &(F — nfp)

" H(nfo)-5(F-nfo)

-1 .
YO = Y xaH(nfo) 8(F—nfo)| ——— y(£) = Y yn /2™t
n T/ n
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Enerji ve Enerji yogunluk fonksiyonu (EYF)

Ewnerqy Spectral Density (ESD)

o0

&l r; X(O)2 de = J EGRACLE

_ f; x(O Jj: X(f) 27t o{f} T

:J‘SOOO X* (f) e—Jj2mft

= JOOOO X* (A JOO x(t) e I2 dit dlf

—o0

G
_ ro X(AI2 df

—00
Parseval t.:
o0 o
eX=J (x(t)|2d6=J X2 df
—00 S~—~—

—00
Ex(f): EYF

Enerji Tayf yogunlugu F(EYF)

Enerji icaretleri igin Gziligki fonk (autocorrelation)

+00 (o¢]
2(t) = J x(6) - x* (€ — T dt = J (6 X" (E + T) dlE
\,—/ — —00
x(6)nin d2iliski fonk
+00
= J X () x(t+T)de

Ry (—T) = Rx(T) ¢ift fonksiyondur
Ry (T) = x(T) * x(—7)
x(¢) reel olsun = Ry (1) = x(T) * x(—7)
L F
1 f
FRU} = X0 5x( )
= X(A) - X(=N)
——
X*(f)

x(¢) reelse X(f) = X*(-f)
FTHR(D} = IX(O12 = &)

Ru() I &) = IX(DI?

IClaude notu: F Uzerindeki isaret okunaksiz; formile gsre F{Rx(T)} olmali.
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T Ox (- dt = JOO ()12 de =

—00

&) = |

—00

(t=0 olsun)

Not: Enerji yogunluk fonksiyonu max dederi T = 0’da olur?
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Ex

+00

@ de= [ xR ar = |

—00

& = 2(0) = [

—00 —00

+00

Ex(F) df

—> y(¢t)

h(©)

x(6) ——

y(&) = x(€6) x h(€)
Y(f) = X(f) - H()
IY(OI? = IX(AI? [H(AI?

&y(f) = &N IH(NI?

FHEWO} = FTHEO+ FH{H(H? 1}
Ry(T) Ri(T) Rp ()
Ry(T) = y(T) * y*(=7) = Ru() * Rp(T)

Ornek
x(6) = e~ %u(t), a> 0

W) E(H) =2  Ex=2 D) Ra(T) =2 Ex(f) =7 Ex=2

o) &) = IX(OI2
T x(6) e T2 ot

—00

X(f)=u

= e—at U(t) e—j27'[ft dt
JO ~~—
=1 ¢t20
0 ¢<0

0O —(a+tj2mf)t
= e—(a+j2ﬂf)t dt = M
Jo —(a+j2mf)|

=0
0 _ =0 1

e
T —(a+j2nf) "~ a+j2nf

2 okunamadi

x=a+jb

Ixl = Va2 + b2

0x = arctan <b>
a

x = |x| &%

x*=a-jb

(o]

2Clavde notu: T = 0 ifadesi nedeniyle muhtemelen sziliski fonksiyonu Bx(t) kastedilmis.
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1 1

aijon = &0 = KOF =

X(f) =

Ex

\

1 <27rf> e
—— arctan| — ‘
27a a )

zalz- (2|5

e 1 (b
22+ 02x2  ab M\

\

\

Sadlama:

o0 (0,0)
g = J ()2 de = J =24t () it
—00 —00
— g2t T - i(e—oo e—o >
T 2a | T 2a\=~ =~
0 0 1
=
2a
b)
(0.0)

x(6)x* (e —T)dt

=Joo e (B D ye—1) de
~—~ S~——

=1 ¢20 =1 ¢t-T1=20
t=t

00
- eaTJ e—2at dt =
—00

o0
= e“TJ e 2%t dt 1> 0 pozitifken

T

—2at|*®

_ a1t € :_L at | ,—oco _ ,—2aT
¢ —2a 2a 2 [e i ]
T
—aT
- 826« e
e—a[TI
gift fonksiyon oldugundan Rx(t) = vt
1/2a 1 Rx (D)
T
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a2 + (2nf)?
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1
Ex = Rx(0) = S

e—altl  » 1
)QX(T) = o — gx(f) = m

~ald 5o o F 2a 3
' a2 + (27f)2

Giig ve Giig yogunluk fonk (GYF)

Power Spectral Density (PSD)

orijinal gizim, s. 6

.
x(6), |t = o
XT(t) = T
OI |t| > 5
1 T/2 Ex
[ = Pe= lim = 2(6)det = lim =T
e R E
EXT
f
x7(€) «— X1(f)
> 2 ¥ 2
& :J X2() o(tsJ X ()12 df
—00 —00
— I EXT — I 1 =S 2
Pr = Tuﬂwclok - T[LMOO?[J_OO (DI |af

T/ = xr()nin stresi N = &, /= IXr(HI12

3Claude notu: kosul muhtemelen a > O olmali.
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—oo0 T—00 T o

+00 —' +00
b, = J lim ixr(O olf = J Su(f df
—_——— =

=5x(f)
GUg yogunluk fonk

EYF, GYF pozitif, reel, gift f.

x(£) birimi volt — volt2/Hz

Giig igaretlerinin oziligki fonk

x(£) gig isareti =

1 T/2
2e(t) = lim L J X(6) - x* (¢ =) de
T—oo T 7/2

Ry (—T) = Rx(T)

2
2ul) <5 sy = tim KT
T—o0 T
1 (T2
Rx(0) = lim ’J Ix(6)|2 dt = Py
T—oo T J_1/2

o= tm 1 e WO ot = 2(0) = | stpyar
/2

Tooo T )_ 00
_ n(t S
x(€) b y(6)

qUg isareti: o
ylt) = AO=AE) = L X(1) A(E - T) dr

(o.o]

T/2
g isareti:  Ry(1) = lim J BCIGRLE

orijinal gizim, s. 7

Ry () = Rx() % h(T) * h* (—7)

Rp(T)

lF
Sy(f) = Sx(A) - H(F) - H*(F)
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Sy() = Sk IH(A)I?

1= Ornek
I R — H(F) = jonf
ni(t) dt no(t)
S”i(F)
A
k
) B -

n;(t) is noise signal with PSD

Sno(f) =7 Pp, =7

[or]. <. 8

Sno(N) = Sy (A IH(AI?
_fk-ancr?, 1A<8
- 0, Else

s
k2°7982

o0 B
Pa =J S,,O(f)dfzj kan?g?f drf

-0 -8
_ 8km?B3
3
Ornek
x(¢) periyodik = Ry(1) =2  Sx(f) =7
1 (909
() = *J X(6) - x* (¢ =) de
To J-o/
4Clavde notu: integrandda B2 carpan muhtemelen fazla (Sp, (f) = k - 4% F2); sonug 8km283/3 ile uyumlu olmasi icin
integrand k 472 olmali.
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[e.e]

x(t) periyodik = x(£) = Y x,ef2mfot
n=—oo
LU Drafot j2mmfo (6-T)
i ud DTt _
Ryx(T) = TIOJ—TO/z —Z xn e ot . —Z x5 e 2 ot
n=-—00 M=—00

x(8) x*(6)

1 too o0
—— x j2mmfoT
L3 3 e

n=—oo m=—0oQ

\

Tol2 . )
J e]27mfot . e—jZT[Mfof det

~Tof2
To, n=m
0O, n#*m
+00 ) +00
Ru(1)= D Ixal? 20T (A= Y IxA18(F - nfp)
n=-—0o0 n=—o0

Periyodik isaretin 62 fonksiyonu periyodiktir
+00 o9 PO
L pes J Su(fdf = J > beal?8(F— nfp) olf
-0 X p=—co

(0.0] (o0
S(F—nfo)df  Pe= > Ixal
(e.e]

n=—00

+

= 3 bal? |

1
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