
ELE 361
Konu 3: Kiplemeve YƛǇœǀȊǸƳǸ



оΦн DƛǊƛǒ
ÅTƭŜǘƛƭŜŎŜƪ ǎƛƴȅŀƭƛƴ Σ ƛƭŜǘƛƳ ƻǊǘŀƳƤƴƤƴ ƪŀǊŀƪǘŜǊƛǎǘƛƪƭŜǊƛƴŜ ǳȅƎǳƴ ƘŀƭŜ 

getirilmesi gerekir (kipleme)

ÅYŀƴŀƭŘŀƴ ƎŜœŜƴ όǾŜ ōƻȊǳƭŀƴύ ǎƛƴȅŀƭƛƴ ŀƭƤŎƤŘŀ ƪƛǇœǀȊǸƳǸƴŜtabi 
ǘǳǘǳƭƳŀǎƤ ǾŜ ōƛƭƎƛƴƛƴ ƪŀǊǒƤŘŀ ƳƛƴƛƳǳƳ Ƙŀǘŀ ǾŜȅŀ ōƻȊǳƭƳŀ ƛƭŜ ƎŜǊƛ ŜƭŘŜ 
edilmesi gerekir 

ÅYŀƴŀƭ ōŀǒƪŀ ƪǳƭƭŀƴƤŎƤƭŀǊκƛƭŜǘƛƳƭŜǊ ƛƭŜ ǇŀȅƭŀǒƤƭŀōƛƭƛǊ

ÅmǊΦ aŜǎŀƧ ǎƛƴȅŀƭƛΥ άὸ ὃ ÓÉÎ‫ ὸ ‰ (ton) 
ÅmǊΦ мллл IȊ

Å¢ŀǒƤȅƤŎƤ ǎƛƴȅŀƭ Ø ὸ ὃÓÉÎ‫ὸ ‰
ÅmǊΦ мслaƘȊ

ÅaŜǎŀƧ ǎƛƴȅŀƭƛ ǘŀǒƤȅƤŎƤ ǎƛƴȅŀƭƛƴ ǸȊŜǊƛƴŜ ōƛǊ ǒŜƪƛƭŘŜ ōƛƴŘƛǊƛƭƳŜƭƛ
ÅbŀǎƤƭΚ



оΦо Υ mƴ .ƛƭƎƛƭŜǊ
ÅTrigonometri
ÅSin cos

ÅPisagor

Å!œƤ ǘƻǇƭŀƳƤ ŦƻǊƳǸƭƭŜǊƛ

Å4ŀǊǇƤƳ ŦƻǊƳǸƭƭŜǊƛ



оΦоΦн YŀǊƳŀǒƤƪ {ŀȅƤƭŀǊ
Å{ƛƴǸȊƻƛŘŀƭ ǎƛƴȅŀƭƛƴ ōƛǊ ƎŜƴƭƛƐƛ ǾŜ ŦŀȊƤ ǾŀǊŘƤǊ

ÅYŀǊƳŀǒƤƪ ǎŀȅƤƴƤƴ Řŀ ōƛǊ ƎŜƴƭƛƐƛ ǾŜ ŦŀȊƤ ǾŀǊŘƤǊ

Å{ƛƴǸȊƻƛŘŀƭ sinyallarƪŀǊƳŀǒƤƪ ǎŀȅƤƭŀǊƭŀ ƛŦŀŘŜ 
edilebilir

ÅὮ ρ

Åὴ ὼ Ὦώ

ÅDŜǊœŜƭΣ ƪŀǊƳŀǒƤƪ ƪƤǎƤƳƭŀǊ

Åaǳǘƭŀƪ ŘŜƐŜǊ

Å!œƤ

ÅEulerόƪǳǘǳǇǎŀƭύ ƎǀǎǘŜǊƛƳƛ

ÅὮ



оΦоΦн YŀǊƳŀǒƤƪ {ŀȅƤƭŀǊ
Å4ŀǊǇƤƳ ὖ ρ Ὦρ

ÅYǳǘǳǇǎŀƭ ƎǀǎǘŜǊƛƳŘŜ œŀǊǇƤƳ όōǸȅǸƪƭǸƪƭŜǊ œŀǊǇƤƭƤǊΣ ŀœƤƭŀǊ ǘƻǇƭŀƴƤǊύ



3.4 KiplemeyebŜŘŜƴ TƘǘƛȅŀœ ±ŀǊΚ
ÅaŜǎŀƧ ǎƛƴȅŀƭƛƴƛ ȅǸƪǎŜƪ ōƛǊ ŦǊŜƪŀƴǎŀ ǘŀǒƤƳŀƪ
ÅUpconversion/downconversion

Å9ƴ ōŀǎƛǘ ȅǀƴǘŜƳΥ aŜǎŀƧ ǾŜ ǘŀǒƤȅƤŎƤ ǎƛƴȅŀƭƛƴƛ œŀǊǇƳŀƪ
Åάὸ ὃ ÃÏÓ‫ ὸ ‰

ÅØ ὸ ὃÃÏÓ‫ὸ ‰

ÅάὸØ ὸ ὃ ὃÃÏÓ‫ ὸ ‰ ÃÏÓ‫ὸ ‰

ÅΧ





3.4 YƛǇœǀȊǸƳǸ
ÅYƛǇƭŜƴƳƛǒsinyal άὸØ ὸ ὃ ὃÃÏÓ‫ ὸ ‰ ÃÏÓ‫ὸ ‰

Å!ƭƤŎƤŘŀ ǘŜƪǊŀǊ ŀȅƴƤ ǘŀǒƤȅƤŎƤ ǎƛƴȅŀƭ ƛƭŜ œŀǊǇƤƭƤǊ όȅŜǊŜƭ ƻǎƛƭŀǘǀǊ)

Å5ŀƘŀ ǎƻƴǊŀ ŀƭœŀƪ ƎŜœƛǊƎŜƴ ŦƛƭǘǊŜŘŜƴ ƎŜœƛǊƛƭƛǊ

ÅYerel ƻǎƛƭŀǘǀǊ
ÅFrekansta kayma olabilir
ÅFazda kayma olabilir

Å.ǳ Ŝƴ ōŀǎƛǘ ȅǀƴǘŜƳ ƘŜǊ ȊŀƳŀƴ Ŝƴ ŘƻƐǊǳ ǎŜœƛƳ ƳƛŘƛǊΚ



Fazda kayma olursa?



3.5 Genlik Kiplemesi
ÅYerel ƻǎƛƭŀǘǀǊǘŀǒƤȅƤŎƤ ƛƭŜ ŀȅƴƤ ŦǊŜƪŀƴǎ ǾŜ ŦŀȊŘŀ ƻƭƳŀƭƤΦ

Å.ǳƴǳ ǎŀƐƭŀƳŀƴƤƴ ȅƻƭǳΚ

Åὼ ὸ άὸÃÏÓ‫ὸ ὃÃÏÓ‫ὸ
ÅYƛǇƭŜƴƳƛǒǎƛƴȅŀƭ ƛƭŜ ǘŀǒƤȅƤŎƤ ǎƛƴȅŀƭƛƴƛ ōŜǊŀōŜǊ ƛƭŜǘƳŜƪ

Åὼ ὸ ὃ ÃÏÓ‫ ὸÃÏÓ‫ὸ ὃÃÏÓ‫ὸ

ÅKiplemeindeksi ‘



3.5 Genlik Kiplemesi

ÅMaksve minŘŜƐŜǊƭŜǊ



3.5 Genlik Kiplemesi

Å‘

Åὃ

Åὃ



оΦрΦм CǊŜƪŀƴǎ .ƛƭŜǒŜƴƭŜǊƛ





simpleAM.m

% time
N = 2*1024;
Tmax= 10 ;
dt = Tmax/(N-1);
t = 0:dt:Tmax;
% carrier
Ac= 2 ;
fc = 4;
wc = 2*pi*fc ;
xc = cos (wc*t ) ;
% modulation
Am= 0.5 ;
fm = 0.5 ;
wm = 2*pi*fm;
xm= cos(wm*t ) ;
% AM generation
mu = Am/Ac;
xam= Am*xm.*xc+ Ac*xc ;
plot(t,xam);
xlabel('time s') ;
ylabel('amplitude') ;

% frequency
df = (1/dt ) ;
fam = abs(fft (xam)) ;
fam = fam /N*2 ;
f = [0:N-1]/N*df ;
K = 100;
k = 1:K;
maxfreq= (K/N)*df ;
% plot to frequencymaxfrequsingbars
figure
bar(f(k),fam(k));
axis([ 0 maxfreq0 4 ] ) ;
grid('on') ;
xlabel('frequencyHz');
ylabel('amplitude');



оΦрΦн DǸœ !ƴŀƭƛȊƛ
Å5ŀƘŀ ŦŀȊƭŀ ƎǸœΣ ŘŀƘŀ ŦŀȊƭŀ ƪŀǇǎŀƳŀ ŀƭŀƴƤ ŘŜƳŜƪǘƛǊ

Å5ƛƐŜǊ ȅŀƴŘŀƴΣ ŘŀƘŀ ŦŀȊƭŀ ƳŀƭƛȅŜǘ ǾŜ ŘŀƘŀ ŀȊ Ǉƛƭ ǀƳǊǸ ŘŜƳŜƪǘƛǊ

Åὼ ὸ άὸÃÏÓ‫ὸ ὃÃÏÓ‫ὸ

Åὖ ÌÉÍ
ᴼ

᷿ ὼ ὸὨὸ

Åάὸ ὃ ÃÏÓ‫ ὸise

Å–



3.5.3 AM YƛǇœǀȊǸƳǸ

Åὼ ὸ ὃ ρ ‘ά ὸ ÃÏÓ‫ὸ

Åὼ ὸ ὃ ρ ‘ÃÏÓ‫ ὸÃÏÓ‫ὸ

ÅaŜǎŀƧ ǎƛƴȅŀƭƛƴƛ ǾŜȅŀ ȅŀƪƭŀǒƤƐƤƴƤ ŀƭƤŎƤŘŀ ŜƭŘŜ ŜǘƳŜƪ

ÅEnvelopedetector:



3.5.3 AM YƛǇœǀȊǸƳǸ

Å5ƛƐŜǊ ȅǀƴǘŜƳ

Åὼ ὸ ὃ ρ ‘ÃÏÓ‫ ὸ ÃÏÓ‫ὸ



3.5.3 AM YƛǇœǀȊǸƳǸ

ÅоΦ  ȅǀƴǘŜƳ
ÅSenkron ƪƛǇœǀȊǸŎǸ

Åὼ ὸ ὃ ρ ‘ά ὸ ÃÏÓ‫ὸ

Åώ ὸ ὃ ρ ‘ά ὸ ÃÏÓ‫ὸÃÏÓ‫ὸ



оΦрΦп !a ±ŀǊȅŀǎȅƻƴƭŀǊƤ
ÅDSBSC



оΦрΦп !a ±ŀǊȅŀǎȅƻƴƭŀǊƤ
ÅDSB YƛǇœǀȊǸƳǸ



оΦрΦп !a ±ŀǊȅŀǎȅƻƴƭŀǊƤ
ÅSSB
Å̧ ŀǊ ōŀƴǘ ƎŜƴƛǒƭƛƐƛ



оΦрΦп !a ±ŀǊȅŀǎȅƻƴƭŀǊƤ
ÅSSB (Hartley)



оΦрΦп !a ±ŀǊȅŀǎȅƻƴƭŀǊƤ
ÅSSB (Weaver)



SSB devam



3.6 Frekans ve Faz Kiplemesi

ÅGenlik KiplemesiΣ ōƛƭƎƛȅƛ ǘŀǒƤȅƤŎƤ ǎƛƴȅŀƭƛƴ ƎŜƴƭƛƐƛƴŜ ȅǸƪƭǸȅƻǊŘǳΦ 
ÅDǸǊǸƭǘǸ ŜƪƭŜƴƛƴŎŜ ƎŜƴƭƛƪ ŘƻƐǊǳŘŀƴ ŜǘƪƛƭŜƴƛȅƻǊ

ÅDǸǊǸƭǘǸȅŜ ŘƛǊŜƴŎƛ ŀȊ

ÅFfrekanskiplemesindeǘŀǒƤȅƤŎƤ ǎƛƴȅŀƭƛƴ ƎŜƴƭƛƐƛ ŘŜƐƛǒƳŜȊΦ
ÅCǊŜƪŀƴǎƤ ŘŜƐƛǒƛǊ

Å!ǾŀƴǘŀƧƭƤ

ÅFaz kiplemesiŘŜ Ca ƛƭŜ ȅŀƪƤƴŘŀƴ ŀƭŀƪŀƭƤ

Åὼ ὸ ὃÃÏÓ‫ὸ ‰ ƛƪƛ ǘŜǊƛƳ ŘŜ ǇŀǊŀƴǘŜȊƛƴ ƛœƛƴŘŜ



3.6.2 FM PM Analizi
ÅGenel form: ὼ ὸ ὃÃÏÓ—ὸ ȢȢ

ÅFM: —ὸ ‫ὸ Ὧ᷿άὸὨὸ ς“Ὢὸ ς“Ὧ᷿ άὸὨὸ

ÅFM son hal:

ÅCa ŀƴƭƤƪ ŦǊŜƪŀƴǎΥ 

ÅPM: —ὸ ‫ὸ Ὧάὸ

ÅPM son hal:

Åta ŀƴƭƤƪ ŦǊŜƪŀƴǎ





ta ǾŜ Ca ōƭƻƪ ǒŜƳŀƭŀǊƤ



Ca ǾŜ ta ǎƛƴȅŀƭ ǀǊƴŜƪƭŜǊƛ



оΦсΦо Ca ǾŜ ta ǎƛƴȅŀƭ ǸǊŜǘƛƳƛ



3.6.4 FM Spektrumu
ÅCaκta ŘƻƐǊǳǎŀƭ ƻƭƳŀȅŀƴ kiplemeȅǀƴǘŜƳƭŜǊƛŘƛǊΦ
Å5ƻƐǊǳǎŀƭƭƤƐƤƴǘŀƴƤƳƤΥ

Å.ǳ ƴŜŘŜƴƭŜ Caκta ǎƛƴȅŀƭƭŜǊƛƴŘŜ ǇŜƪ œƻƪ ŦǊŜƪŀƴǎ ōƛƭŜǒŜƴƛ ƻƭǳǒǳǊ

Åὼ ὸ ὃÃÏÓ‫ὸ Ὧ᷿άὸὨὸ

Åάὸ ὃ ÃÏÓ‫ ὸƪŀōǳƭ ŜŘŜƭƛƳ όŀƴŀƭƛȊ ƪƻƭŀȅƭƤƐƤ ŀœƤǎƤƴŘŀƴύ

Åὼ ὸ ὃÃÏÓ‫ὸ ÓÉÎ‫ ὸ

ÅCǊŜƪŀƴǎƤƴ ŘŜƐƛǒƳŜ ƘƤȊƤΥ ‍ Ąkiplemeindeksi

ÅCǊŜƪŀƴǎ ǎŀǇƳŀǎƤΥ 



3.6.4 FM Spektrumu - devam

Åὼ ὸ ὃÃÏÓ‫ὸ ÓÉÎ‫ ὸ

Å&ÁÒËÌą ÇĘÓÔÅÒÉÍÌÅÒ

Å‍

ÅCa ǊŀŘȅƻ ǳȅƎǳƭŀƳŀǎƤΥ 

ÅDŜƴƛǒōŀƴǘFM

ÅDarbantFM

ÅCarson(1922) ςFourierǎŜǊƛ ŀœƤƭƤƳƤ
Åὼ ὸ ὃÃÏÓ‫ὸ ‍ÓÉÎ‫ ὸ

Åὼ ὸ ὃВ ὐ‍ÃÏÓ‫ ‍‫ ὸ

Åὐ‍ ?



3.6.4 FM Spektrumu - devam
ÅCarson(1922) ςFourierǎŜǊƛ ŀœƤƭƤƳƤ
Åὼ ὸ ὃВ ὐ‍ÃÏÓ‫ ‍‫ ὸ

Å!œŀƭƤƳ







3.6.4 FM Spektrumu - devam
ÅВ ὐ‍ ρ

Åὼ ὸ ὃВ ὐ‍ÃÏÓ‫ ‍‫ ὸǎƛƴȅŀƭƛƴƛƴ ƎǸŎǸ ƴŜŘƛǊΚ




