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Ders Konusu: 

{ƛƴȅŀƭƭŜǊ ǾŜ {ƛǎǘŜƳƭŜǊΣ ǾŜǊƛ ƛǒƭŜƳŜΣ ƛƭŜǘƛǒƛƳΣ ƎǀǊǸƴǘǸ ƛǒƭŜƳŜΣ ǎŀǾǳƴƳŀ ŜƭŜƪǘǊƻƴƛƐƛΣ ǘǸƪŜǘƛŎƛ 

ŜƭŜƪǘǊƻƴƛƐƛ ŘŀƘƛƭ ƻƭƳŀƪ ǸȊŜǊŜ ōƛǊœƻƪ ŦŀǊƪƭƤ ŀƭŀƴŘŀ ƳǸƘŜƴŘƛǎƭƛƪ ǎƛǎǘŜƳƭŜǊƛƴƛƴ ŀȅǊƤƭƳŀȊ ōƛǊ 

ǇŀǊœŀǎƤƴƤ ƻƭǳǒǘǳǊŀƴΣ ŀƴŀƭƻƎ ǾŜ ŘƛƧƛǘŀƭ ǎƛƴȅŀƭ ƛǒƭŜƳŜŘŜ ǘŜƳŜƭ ƴƛǘŜƭƛƐƛƴŘŜŘir.  Sürekli ve kesikli 

zaman sinyalleri ve sistemleri için temel kavramlar sunulacak ǾŜ ōƛǊƭŜǒǘƛǊilecektir. Sinyal ve 

sistemler ƘŜƳ ȊŀƳŀƴ ƘŜƳ ŘŜ ŦǊŜƪŀƴǎ ŀƭŀƴƭŀǊƤ ƛœƛƴ ƎŜƭƛǒǘƛǊƛƭƳƛǒǘƛǊΦ .ǳ ǘŜƳǎƛƭƭŜǊΣ CƻǳǊƛŜǊ 

ŘǀƴǸǒǸƳǸ ǾŜ ŀȅǊƤƴǘƤƭƤ ƻƭŀǊŀƪ ƛƴŎŜƭŜƴŜƴ ƎŜƴŜƭƭŜƳŜƭŜǊƛ ƛƭŜ ƛƭƛǒƪƛƭƛŘƛǊΦ IŜƳ ŀƴŀƭƻƎ ƘŜƳ ŘŜ ŘƛƧƛǘŀƭ 

ǎƛǎǘŜƳƭŜǊ ƛœƛƴ ŦƛƭǘǊŜƭŜƳŜ ǾŜ ŦƛƭǘǊŜ ǘŀǎŀǊƤƳƤΣ ƳƻŘǸƭŀǎȅƻƴǳ ǾŜ ǀǊƴŜƪƭŜƳŜƴƛƴ ȅŀƴƤ ǎƤǊŀ ƘŜƳ 

ŀƴŀƭƻƎ ƘŜƳ ŘŜ ŘƛƧƛǘŀƭ ǎƛǎǘŜƳƭŜǊ ƛœƛƴ ƎŜǊƛ ōƛƭŘƛǊƛƳ ǎƛǎǘŜƳƭŜǊƛƴƛƴ ǘŜƳŜƭ ƪŀǾǊŀƳƭŀǊƤƴƤƴ 

ƎǀǎǘŜǊƛƭƳŜǎƛ ǾŜ ƎǀǎǘŜǊƛƭƳŜǎƛ ǘŀǊǘƤǒƤƭƤǊ ǾŜ ƎǀǎǘŜǊƛƭƛǊΦ 

 

5ŜǊǎ tǊƻƎǊŀƳƭŀǊƤΥ 

aŀǘŜƳŀǘƛƪǎŜƭ YŀǾǊŀƳƭŀǊΥ YƻƳǇƭŜƪǎ {ŀȅƤƭŀǊΣ IƻƳƻƧŜƴ 5ƛŦŜǊŀƴǎƛȅŜƭ 5ŜƴƪƭŜƳƭŜǊΦ 

{ǸǊŜƪƭƛ ½ŀƳŀƴƭƤ TǒŀǊŜǘƭŜǊ ǾŜ [¢L {ƛǎǘŜƳƭŜǊƛ 

{ƛƴȅŀƭƭŜǊƛƴ {ƤƴƤŦƭŀƴŘƤǊƤƭƳŀǎƤ, CŀȅŘŀƭƤ {ƛƴȅŀƭƭŜǊ 

Zaman Vektörleri ve Sinüzoidler 

Sinyaller ve Gürültü, Kanal Kapasitesi 

Örnekleme ve Aliasing 

{ƛǎǘŜƳƭŜǊƛƴ ǎƤƴƤŦƭŀƴŘƤǊƤƭƳŀǎƤ, CǊŜƪŀƴǎ ȅŀƴƤǘlarƤ 

Fourier dǀƴǸǒǸƳǸ 

Laplace dǀƴǸǒǸƳǸ 

Z-5ǀƴǸǒǸƳ 

!ȅǊƤƪ ½ŀƳŀƴƭƤ {ƛǎǘŜƳ aƻŘŜƭƭŜǊƛ, Sistem analiz 

Filtreleme, Modülasyon 

Matlab ǳȅƎǳƭŀƳŀƭŀǊƤ 

 

TǒōƛǊƭƛƐƛ ȅŀǇƤƭŀŎŀƪ ŘƛǎƛǇƭƛƴƭŜǊΥ  

¶ hƭŀǎƤƭƤƪ, TǎǘŀǘƛǎǘƛƪǎŜƭ ǾŜǊƛ ŀƴŀƭƛȊƛ: Kesirim yaparak karar verme  

¶ ¦ȅƎǳƭŀƳŀƭƤ ƳŀǘŜƳŀǘƛƪΥ aŀǘƭŀōΣ ¢ǸǊŜǾΣ LƴǘŜƎǊŀƭΣ [ƛƳƛǘΣ [ŀǇƭŀŎŜ ŘǀƴǸǒǸƳΣ ½-ŘǀƴǸǒǸƳΣ 

{ŀȅƤǎŀƭ ƳŀǘŜƳŀǘƛƪΣ bǸƳŜǊƛƪ ŀƴŀƭƛȊΣ ǘǊƛƎŜƻƳŜǘǊƛΣ Algoritma ve matematiksel modelleme 

¶ Kaos: Dnamik ve dinamik olmayan, lineer olmayan; Risk ve sapma  analizi, 

Manipülasyon, süreçlerde sapma analizi 

 

Systems, signals, mathematical models will be explained in the details: General properties of 

signals, Continuous-time and discrete-time signals.  Energy and power for continuous & 

discrete-time signals. Signal transformations. Specific signal types. Representing signals in 

Matlab and Simulink 

 



GÉÒÉĥ 
±ŀǊ ƻƭŘǳƐǳƳǳȊ ƪŀƛƴŀǘΣ ǎƛƴȅŀƭƭŜǊ ŘŜƴƛȊƛŘƛǊΦ Yŀǒŀȅŀƴ küçük bir organizma, bir hücre ya da en 

ƪŀǊƳŀǒƤƪ ǾŜ Ŝƴ ŀƪƤƭƭƤ ŎŀƴƭƤ ƻǊƎŀƴƛȊƳŀ όƛƴǎŀƴύΣ œŜǾǊŜǎƛƴŘŜƴ ǎǸǊŜƪƭƛ ǎƛƴȅŀƭƭŜǊƛ ŀƭƤǊ ǾŜ ƛǒƭŜǊΦ 

IŜǊƘŀƴƎƛ ōƛǊ ŎŀƴƭƤ ƻǊƎŀƴƛȊƳŀƴƤƴ Ƙŀȅŀǘǘŀ ƪŀƭƳŀǎƤΣ ǎƛƴȅŀƭƭŜǊƛƴ ǳȅƎǳƴ ǒŜƪƛƭŘŜ ƛǒƭŜƳŜǎƛƴŜ ǾŜ 

ǘŜǇƪƛ ǾŜǊƳŜǎƛƴŜ ōŀƐƭƤŘƤǊΦ .ŜȅƛƴƛƳƛȊ œŜǾǊŜǎƛ ƛƭŜ ŀƭƎƤƭŀƳŀΣ ƘƛǎǎŜǘme ve koklama dahil pek çok 

ǎƛƴȅŀƭ ƛƭŜ ƳŜǎŀƧ ƎǀƴŘŜǊƛǇ ŀƭƳŀƪǘŀŘƤǊΦ 

 

{ƛƴȅŀƭ ōƛƭƎƛ ǘŀǒƤȅŀƴ ōƛǊ ƛǒŀǊŜǘǘƛǊΦ .ǳ ŘŜǊǎ ƴƻǘǳƴŘŀΣ ǎƛƴȅŀƭƭŜǊƛƴ ƳŀǘŜƳŀǘƛƪǎŜƭ ǘŜƳǎƛƭƭŜǊƛ 

ŀƴƭŀǘƤƭŀŎŀƪΦ 4ŜǾŜƳƛȊŘŜƪƛ ǎƛƴȅŀƭƭŜǊŜ ǀǊƴŜƪƭŜǊ Ƴƛ ŀǊƤȅƻǊǎǳƴǳȊΚ Tƴǎŀƴ ǎŜǎƛΣ ƪǳǒƭŀǊƤƴ ŎƤǾƤƭǘƤƭŀǊƤΣ 

duman ǎƛƴȅŀƭƭŜǊƛΣ ƧŜǎǘƭŜǊ όƛǒŀǊŜǘ ŘƛƭƛύΣ œƛœŜƪ ƪƻƪǳƭŀǊƤŘƤǊΦ ±ǸŎǳǘ ƛǒƭŜǾƭŜǊƛƳƛȊƛƴ œƻƐǳ ƪƛƳȅŀǎŀƭ 

ǎƛƴȅŀƭƭŜǊƭŜ ŘǸȊŜƴƭŜƴƛǊΣ ƪǀǊ ƛƴǎŀƴƭŀǊ ŘƻƪǳƴƳŀ Ƙƛǎǎƛƴƛ ƪǳƭƭŀƴƤǊΦ !ǊƤƭŀǊ Řŀƴǎ ƳƻŘŜƭƭŜǊƛȅƭŜ 

ōƛǊōƛǊƭŜǊƛȅƭŜ ƛƭŜǘƛǒƛƳ ƪǳǊŀǊƭŀǊΦ  {Ŝǎ ǳȊŀȅŘŀ ȅŀȅƤƭƤǊ ƳƤΚ ¦Ȋŀȅ ƴŜŘŜƴ ƪŀǊŀƴƭƤƪ? 

 

¢ŜƪƴƻƭƻƧƛƪ ǎƛƴȅŀƭƭŜǊƛƴƛƴ ōŀȊƤ ǀǊƴŜƪƭŜǊƛΣ ōƛǊ ǘŜƭŜŦƻƴ ǘŜƭƛ ƛœƛƴŘŜƪƛ ŀƪƤƳ ǾŜ ƎŜǊƛƭƛƳΣ ōƛǊ ǾŜǊƛŎƛ 

ŀƴǘŜƴŘŜƴ œƤƪŀƴ ŜƭŜƪǘǊƻƳŀƴȅŜǘƛƪ ŘŀƭƎŀΣ ōƛǊ ŦƛōŜǊ ƪŀōƭƻƴǳƴ ƪƤƭƤƴŘŀƪƛ ƤǒƤƪ ȅƻƐǳƴƭǳƐǳƴǳƴ  

ŘŜƐƛǒƳŜǎƛŘƛǊΦ .ǀȅƭŜŎŜ ƴŜǊŜŘŜȅǎŜ ǎƻƴǎǳȊ ōƛǊ œŜǒƛǘƭƛƭƛƪǘŜ ǎƛƴȅŀƭƭŜǊ ƻƭŘǳƐǳƴǳ ve sinyalleri bir 

ȅŜǊŘŜƴ ōŀǒƪŀ ōƛǊ ȅŜǊŜ ǘŀǒƤȅŀƴ ȅƻƭ ǾŜ ǘŀǒƤȅƤŎƤƭŀǊ ƻƭŘǳƐǳƴǳ ƎǀǊǸȅƻǊǳȊΦ  

 

{ƛƴȅŀƭΥ .ƛǊ ǾŜȅŀ ŘŀƘŀ ŦŀȊƭŀ ŘŜƐƛǒƪŜƴƭŜǊƛƴ ƎŜǊœŜƪ ǾŜȅŀ ƪŀǊƳŀǒƤƪ  ŦƻƴƪǎƛȅƻƴǳŘǳǊΦ Cƻƴƪǎƛȅƻƴ ǘŜƪ 

ōƛǊ ŘŜƐƛǒƪŜƴŜ ōŀƐƭƤ ƻƭŘǳƐǳƴŘŀΣ ǎƛƴȅŀƭ ōƛǊ ōƻȅǳǘƭǳdurΦ .ƛǊ ƪƻƴǳǒƳŀ ǎƛƴȅŀƭƛ, günlük maksimum 

ǎƤŎŀƪƭƤƪΣ ōƛǊ ȅŜǊŘŜƪƛ ȅƤƭƭƤƪ ȅŀƐƤǒΣ ǘŜƪ ōƻȅǳǘƭǳ ōƛǊ ǎƛƴȅŀƭ ǀǊƴŜƐƛŘƛǊΦ Cƻƴƪǎƛȅƻƴ ƛƪƛ ǾŜȅŀ ŘŀƘŀ ŦŀȊƭŀ 

ŘŜƐƛǒƪŜƴŜ ōŀƐƭƤ ƻƭŘǳƐǳƴŘŀΣ ǎƛƴȅŀƭƛƴ œƻƪ ōƻȅǳǘƭǳ ƻƭŘǳƐǳ ǎǀȅƭŜƴƛǊΦ .ƛǊ ƎǀǊǸƴǘǸΣ ƛƪƛ ōƻȅǳǘƭǳ 

sinyali, iki boyutu temsil eden dikey ve yatay kƻƻǊŘƛƴŀǘƭŀǊƤ ǘŜƳǎƛƭ ŜǘƳŜƪǘŜŘƛǊΦ CƛȊƛƪǎŜƭ 

ŘǸƴȅŀƳƤȊ Ǹœ ƳŜƪŀƴǎŀƭ ǾŜ ōƛǊ ȊŀƳŀƴǎŀƭ ŘǀǊǘ ōƻȅǳǘƭǳŘǳǊΦ 

 

mǊƴŜƐƛƴ aƻǊǀǘŜǎƛ ȅŀ Řŀ ǳƭǘǊŀǾƛȅƻƭŜ όƪƤǎŀŎŀ ¦±ύ ƤǒƤƴƤƳΣ ŘŀƭƎŀ ōƻȅǳ млл ƛƭŜ плл ƴƳ ŀǊŀǎƤƴŘŀƪƛ 

ƤǒƤƴŀ ŘŜƴƛǊΦ DǀȊǸƳǸȊΣ плл ƛƭŜ тлл ƴƳ ŘŀƭƎŀ ōƻȅƭŀǊƤ ŀǊŀǎƤƴŀ ŘǳȅŀǊƭƤŘƤǊ ǾŜ ōǳƴǳƴ ŘƤǒƤƴŘŀƪƛ 

ƤǒƤƴƤƳƤ ŀƭƎƤƭŀȅŀƳŀȊΦ DŜŎŜƴƛƴ ōƛǊ Ǿŀƪǘƛ ƪŀƭƪƤǇΣ œǀƭŜ ǾŜȅŀ œǀƭ ƛƪƭƛƳƭƛ ōƛǊ ȅŜǊŜ ƎƛŘƛƴ ǾŜ ǳƭǘǊŀǾƛȅƻƭŜ 

ŀƭƎƤƭŀȅƤŎƤȅƤ ŀœƤƴΦ !ƭƎƤƭŀƳŀ ŜƪǊŀƴŘŀ ŎŀƴƭƤ ōƛǊ ƳŀǾƛ-ȅŜǒƛƭ ǊŜƴƪƭŜ ǇŀǊƭŀȅŀƴ ŀƪǊŜǇƭŜǊƛ ƎǀǊŜŎŜƪǎƛƴƛȊΦ 

¦± ƤǒƤƴƤ ŀƭǘƤƴŘŀ ǾǸŎǳǘƭŀǊƤƴŘŀ ŀƭƎƤƭŀȅƤŎƤ ƻƭŀǊŀƪ ƎǀǊŜǾ ȅŀǇŀƴ ƪƛƳȅŀǎŀƭƭŀǊƤƴ ōƛǊ ƪƤǎƳƤ ōƻȊǳƴǳǊ ǾŜ 

ǎǀȊǸ ŜŘƛƭŜƴ ǊŜƴƪƭŜǊƛƴ ŜǘǊŀŦŀ ǎŀœƤƭƳŀǎƤƴŀ ƴŜŘŜƴ ƻƭǳǊƭŀǊΦ 

 

YƤȊƤƭǀǘŜǎƛ ƤǒƤƴƤƳ ƛǎŜ ŎƛǎƛƳƭŜǊƛƴ ǎƤŎŀƪƭƤƐƤƴƤ ǳȊŀƪǘŀƴ ōŜƭƛǊƭŜƳŜȅŜ ȅŀǊŀǊΦ ¢ŜǊƳŀƭ ƎǀǊǸƴǘǸƭŜƳŜ 

ƎŜƴŜƭŘŜ ŀǎƪŜǊƛ ǾŜ ǎŀƴŀȅƛ ŀƳŀœƭŀǊƭŀ ƪƤȊƤƭǀǘŜǎƛ ƪŀƳŜǊŀƭŀǊ ƻƭŀǊŀƪ ǘǸƪŜǘƛŎƛ ǇŀȊŀǊƤƴŀ Řŀ ƎƛǊƳƛǒ 

ōǳƭǳƴƳŀƪǘŀŘƤǊΦ DŜƴƛǒ ǾŜ ōŜƭƛǊƎƛƴ ǎƤŎŀƪƭƤƪǘŀƪƛ ǎƻƐǳƪ ƻǊǘŀƳƭŀǊŘŀ όŘŜƴƛȊΣ ƻǊƳŀƴΣ œǀƭΣ ƪŀǊƭƤ ŘŀƐΣ 

ōƻȊƪƤǊύ ƘŀǾŀŘŀƴ ŀǊŀƳŀ ƪǳǊǘŀǊƳŀ œŀƭƤǒƳŀƭŀǊƤƴŘŀ ƛƴǎŀƴ ƎǀȊǸƴŘŜƴ ƪƻƭŀȅ ƪŀœŀƴ ǎƤŎŀƪ ƛƴǎŀƴ  

ǾǸŎǳŘǳƴǳƴΣ ǾŜ ƪƻƴŀƪƭŀƳŀ ŀǘŜǒ ȅŜǊƛƴƛƴ ǘŜǊƳƻƎǊŀŦƛ ƛƭŜ ŘŀƘŀ ƪƻƭŀȅ ŦŀǊƪƤƴŀ ǾŀǊƤƭƤǊΦ YƤȊƤƭǀǘŜǎƛ 



ƤǒƤƴƤƳƤƴ ŘŀƭƎŀ ōƻȅǳ трл ƴŀƴƻƳŜǘǊŜ ƛƭŜ м ƳƛƪǊƻƳŜǘǊŜ ŀǊŀǎƤƴŘŀŘƤǊΦ bƻǊƳŀƭ ǎƤŎŀƪƭƤƐƤƴŘŀƪƛ ƛƴǎŀƴ 

ǾǸŎǳŘǳ мл ƳƛƪǊƻƳŜǘǊŜ ŎƛǾŀǊƤƴŘŀ ƤǒƤƳŀ ȅŀǇŀǊΦ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Sinyaller  
Sinyal; genellikle zaman içinde deterministik (belli bir kurala göre) olarak ya da rasgele (belli 

ōƛǊ ƪǳǊŀƭŀ ȅŀ Řŀ ŀƴŀƭƛǘƛƪ ŘŜƴƪƭŜƳŜ ƎǀǊŜ ǘŀƴƤƳƭŀƴŀƳŀȅŀƴύ ŘŜƐŜǊƭŜǊ ŘƛȊƛǎƛŘƛǊΦ mǊƴŜƪ ǾŜǊƳŜƪ 

ƎŜǊŜƪƛǊǎŜ ōƛǊ ǎƤŎŀƪƭƤƪ ǎŜƴǎǀǊǸƴǸƴ ƻŘŀ ƛœƛƴŘŜ ōŜƭƛǊƭƛ ȊŀƳŀƴ ŀǊŀƭŀƭƤƪƭŀǊƤƴŘŀ ǀƭœǘǸƐǸ ǎƤŎŀƪƭƤƪ 

ŘŜƐŜǊƭŜǊƛ ōƛǊ ǎƛƴȅŀƭŘƛǊΦ mǊƴŜkte verilen sinyali analiz etmek ƛǎǘŜǊǎŜƪ ōǳ ǎƤŎŀƪƭƤƪ ŘŜƐŜǊƭŜǊƛƴƛ 

ƻŘŀ ƛœƛƴŘŜ ǀƭœǸƭŜƴ Ŝƴ ȅǸƪǎŜƪ ǎƤŎŀƪƭƤƪ ŘŜƐŜǊƛ ƛƭŜ ƴƻǊƳŀƭƛȊŜ ŜŘŜǊǎŜƪ όŜƴ ȅǸƪǎŜƪ ǎƤŎŀƪƭƤƪ 

ŘŜƐŜǊƛƴŜ ōǀƭŜǊǎŜƪύ ǎƤŦƤǊƤƴ ǸȊŜǊƛƴŘŜƪƛ ǎƤŎŀƪƭƤƪ ŘŜƐŜǊƭŜǊƛ ƛœƛƴ л ƛƭŀ м ŀǊŀǎƤƴŘŀ ŘŜƐƛǒŜƴ ōƛǊ ǎƛƴȅŀƭ 

ŜƭŘŜ ŜǘƳƛǒ ƻƭǳǊǳȊΦ .ǳ ǎƛƴȅŀƭ ƛœƛƴ ōŀƐƤƳǎƤȊ ŘŜƐƛǒƪŜƴ ȊŀƳŀƴƤ, sinyal ise bu zamanlarda oda 

ƛœƛƴŘŜ ǀƭœǸƭŜƴ Ŝƴ ȅǸƪǎŜƪ ǎƤŎŀƪƭƤƪ ŘŜƐŜǊƛƴŜ ƴƻǊƳŀƭƛȊŜ ŜŘƛƭƳƛǒ ƻǊŀƴ ŘŜƐŜǊƭŜǊƛƴƛ ǾŜǊƛǊΦ 9ƐŜǊ 

ǎƤŎŀƪƭƤƪ ǀƭœǸƳƭŜǊƛƴƛ ǎǸǊŜƪƭƛ ƻƭŀǊŀƪ ŀƭƤȅƻǊǎŀƪ ǎƛƴȅŀƭƛƳƛȊ ȊŀƳŀƴƤƴ ǎǸǊŜƪƭƛ ōƛǊ ŦƻƴƪǎƛȅƻƴǳΣ ƎǸƴŘŜ 

ōƛǊ ƪŜǊŜ ŀƭƤȅƻǊ ƛǎŜƪ ǎƛƴȅŀƭƛƳƛȊ ȊŀƳŀƴƤƴ ƪŜǎƛƪƭƛ ōƛǊ Ŧƻƴƪǎƛȅƻƴǳ όƘŜǊ ƎǸƴ ƛœƛƴ ōƛǊ ŘŜƐŜǊ ǾŜ ŘƛƐŜǊ 

ǀƭœǸƳ ȊŀƳŀƴƤ ƎŜƭŜƴŜ ƪŀŘŀǊ ƘŜǊƘŀƴƎƛ ōƛǊ ŘŜƐŜǊ ȅƻƪύ ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƴŀŎŀƪǘƤǊΦ 

 

Bir sinyali ὼ(ὸ) notasyonu ile ifade edilirse ὼ bir sinyali, ὸ ōŀƐƤƳǎƤȊ ŘŜƐƛǒƪŜƴ ƻƭŀƴ ȊŀƳŀƴƤΣ 

ȅǳƳǳǒŀƪ ǇŀǊŀƴǘŜȊƭŜǊ ƛǎŜ ȊŀƳŀƴ ǎƛƴȅŀƭƛƴƛƴ ǎǸǊŜƪƭƛ ƻƭŘǳƐǳƴǳ ƎǀǎǘŜǊŜŎŜƪǘƛǊΦ tŜƪƛΣ ōŀƐƤƳǎƤȊ 

ȊŀƳŀƴ ŘŜƐƛǒƪŜƴƛ ὸ ǎǸǊŜƪƭƛ ƻƭƳŀƪƭŀ ōƛǊƭƛƪǘŜΣ ǎƛƴȅŀƭƛƴ ŀƭŘƤƐƤ ŘŜƐŜǊ ὼ(ὸ) süreklidir.  

  

BŀƐƤƳǎƤȊ ŘŜƐƛǒƪŜƴƛ ὸ yerine ὲ ile göstermek sürekli zaman sinyalini kesikli hale getirir. Sinyali 

kesikli zaman sinyali yapan notasyon ὼ[ὲ], ὲ=ỄΣҍнΣҍмΣлΣмΣнΣΧΤὲɴὤ gösterimidir. Sinyal ὼ ile 

gösterilmekte, ὲ ōŀƐƤƳǎƤȊ ŘŜƐƛǒƪŜƴƛƴ ƪŜǎƛƪƭƛ ȊŀƳŀƴ ŘŜƐƛǒƪŜƴƛ ƻƭŘǳƐǳƴǳ ƎǀǎǘŜǊƳŜƪǘŜΣ ƪǀǒŜƭƛ 

ǇŀǊŀƴǘŜȊƭŜǊ ƛǎŜ ǎƛƴȅŀƭƛƴ ƪŜǎƛƪƭƛ ȊŀƳŀƴ ǎƛƴȅŀƭƛ ƻƭŘǳƐǳƴǳ ƛŦŀŘŜ ŜǘƳŜƪǘŜŘƛǊΦ BŀƐƤƳǎƤȊ ȊŀƳŀƴ 

ŘŜƐƛǒƪŜƴƛ ὲ ƪŜǎƛƪƭƛ ƻƭƳŀƪƭŀ ōƛǊƭƛƪǘŜΣ ǎƛƴȅŀƭƛƴ ŀƭŘƤƐƤ ŘŜƐŜǊ ὼ[ὲ] ŘŜƐŜǊƛ ŘŜ kesiklidir.   

 

{ƛƴȅŀƭ ȊŀƳŀƴŘŀ ƪŜǎƛƪƭƛ ƻƭƳŀǎƤƴŀ ǊŀƐƳŜƴ ƎŜƴƭƛƪ ŘŜƐŜǊƛ ǎǸǊŜƪƭƛ όƛǊǊŀǎȅƻƴŜƭ ŘŃƘƛƭύ Ƙŀǘǘŀ 

ƪŀǊƳŀǒƤƪ όŎƻƳǇƭŜȄύ ōƛǊ ǎŀȅƤ ŘŜƐŜǊƛ ŀƭŀōƛƭƛǊΦ .ǳ ƴŜŘŜƴƭŜ ὼ[ὲ] sinyallerini zamanda kesikli ancak 

ƎŜƴƭƛƪ ŘŜƐŜǊƛƴŘŜ ǎǸǊŜƪƭƛ ƻƭƳŀƪ ǸȊŜǊŜ ƪƤǎŀŎŀ ƪŜǎƛƪƭƛ ȊŀƳŀƴ ǎƛƴȅŀƭƭŜǊƛ όŘƛǎŎǊŜǘŜ ǘƛƳŜ ǎƛƎƴŀƭǎύ 

ƻƭŀǊŀƪ ŀŘƭŀƴŘƤǊƳŀƪǘŀȅƤȊΦ .ǳ ǎƛƴȅŀƭƭŜǊ ƭƛǘŜǊŀǘǸǊŘŜ ǎŀȅƤǎŀƭ όŘƛƎƛǘŀƭύ ǎƛƴȅŀƭƭŜǊ ƻƭŀǊŀƪ 

ŀŘƭŀƴŘƤǊƤƭƳŀƪǘŀŘƤǊΦ YŜǎƛƪƭƛ ȊŀƳŀƴ όŘƛǎŎǊŜǘŜ ǘƛƳŜύ ǎƛƴȅŀƭƭŜǊŘŜƴ ǎŀȅƤǎŀƭ όŘƛƎƛǘŀƭύ ǎƛƴȅŀƭƭŜǊŜ ƎŜœƛǒ 

όƎŜƴƭƛƪ ŜƪǎŜƴƛƴƛƴ ǎǸǊŜƪƭƛ ŘŜƐŜǊƭŜǊŘŜƴ ƪŜǎƛƪƭƛ ŘŜƐŜǊƭŜǊŜ œŜǾǊƛƭƳŜǎƛύ ƴƛŎŜƳƭŜƳŜ όǉǳŀƴǘƛȊŀǘƛƻƴύ 

ƛǒƭŜƳƛƴƛƴ ƪƻƴǳǎǳdur. Bir fόǘύ ǎƛƴȅŀƭƛ ȊŀƳŀƴƤƴ ōƛǊ ŦƻƴƪǎƛȅƻƴǳŘǳǊ.  DŜǊƛƭƛƳ Ǿόǘύ ǾŜȅŀ ŀƪƤƳ ƛόǘύ 

olabilir.  

 



 
Sinyal örnekleri: 

¶ Elektriksel sinyaller; dŜǾǊŜŘŜƪƛ ǾƻƭǘŀƧƭŀǊ ǾŜ ŀƪƤƳƭŀǊ 

¶ !ƪǳǎǘƛƪ ǎƛƴȅŀƭƭŜǊΣ ½ŀƳŀƴƭŀ ŀƪǳǎǘƛƪ ōŀǎƤƴœ όǎŜǎύΣ Mekanik sinyaller 

¶ Video ǎƛƴȅŀƭƭŜǊƛΤ½ŀƳŀƴ ƛœƛƴŘŜ ōƛǊ ǇƛƪǎŜƭƛƴ όƪŀƳŜǊŀΣ ǾƛŘŜƻύ ȅƻƐǳƴƭǳƐǳ 

¶ {ƤŎŀƪƭƤƪΣ ƘƤȊ Ǝƛōƛ ƎŜƴƭƛƪƭŜǊƛƴ ȊŀƳŀƴƭŀ ŘŜƐƛǒƛƳƛ 

¶ Koku 

¶ YǳŀƴǘǳƳ ǇŀǊœŀŎƤƪ ȅŀȅƤƴƤƳƤΣ Radyoaktif maddeler veya izotoplar 

¶ 9ƭŜƪǘǊƻƳŀƴȅŜǘƛƪ ȅŀȅƤƴƤƳ 

¶ YƛƳȅŀǎŀƭ ȅŀȅƤƴƤƳ ς hormon 

¶ Çekim Kuvvetleri 

¶ Enerji ƪŀȅƴŀƪƭŀǊƤΤ ƤǒƤƪ 

 

Sistemler istenilen œƤƪƤǒ ǎƛƴȅŀƭƭŜǊƛni ǸǊŜǘƳŜƪ ƛœƛƴ ƎƛǊƛǒ ǎƛƴȅŀƭƭŜǊƛƴƛ ƛǒƭŜǊ.  Bir sistem bir sinyali 

girdi olarak ŀƭƤǊ ǾŜ ōŀǒƪŀ ōƛǊ ǎƛƴȅŀƭŜ ŘǀƴǸǒǘǸǊǸǊ. 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

  

Örnek: 

 
  clear all  

  close all  

  mag  = 2;     % magnitude (arbitrary units)  

  f = 1000;     % frequency in Hz  

  Ps=50;        % number of sampling on a periot  

  samp = f*Ps;   % sampling rate in Hz  

  M=2;  %   Displaying number of period  

  del=1/samp;  

  t        = 0:del:M*Ps*del;  % time  

  N        = length(t)  

  x = mag*cos(2*pi*f*t);    % the signal equation  

  figure  

  plot(t,x, '. - ' );  



  xlabel( 'Time (sec)' );  

  ylabel( 'Amplitute' );  

  title( 'mag*cos(2*pi*f*t)' )  

 

 

 

 

 

 

 

 

 

Waveform Generation: Time Vectors and Sinusoids 
 

Consider generating data with a 1000 Hz sample frequency, for example. An appropriate 

time vector is 

 

t = (0:0.001:1)'; 

 

where (:) creates a 1001-element row vector that represents time running from 0 to 1 

seconds in steps of 1 ms. The transpose operator (') changes the row vector into a column; 

the semicolon (;) tells MATLAB to compute, but not display, the result. 

 

Given t, you can create a sample signal y consisting of two sinusoids, one at 50 Hz and one 

at 120 Hz with twice the amplitude. 
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y = sin(2*pi*50*t) + 2*sin(2*pi*120*t); 

 

The new variable y, formed from vector t, is also 1001 elements long. You can add normally 

distributed white noise to the signal and plot the first 50 points: 

 

yn = y + 0.5*randn(size(t)); 

 

plot(t(1:50),yn(1:50)) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Çift (Even) ve Tek (Odd) Sinyaller 
Tek (Odd) ve çift (Even) sinyaller; Çift sinyaller, dikey eksene göre simetrik olan sinyallerdir 

ve matematilsel olarak f(t)=f(-t) ǒŜƪƭƛƴŘŜ ƛŦŀŘŜ ŜŘƛƭƛǊƭŜǊΦ ¢Ŝƪ ǎƛƴȅŀƭƭŜǊ ƛǎŜ f(t)=-f(-t) 

biçimindedir. 

 

 



 

 

Zaman Öteleme: Bir x(t) ƛǒŀǊŜǘƛƴƛ ǾŜǊƛƭŜƴ ǎŀōƛǘ ōƛǊ t0 ȊŀƳŀƴƤ ƪŀŘŀǊ ǀǘŜƭŜƳŜΣ ǾŜȅŀ ƎŜŎƛƪǘƛǊƳŜΣ 

x(t-t0) ǒŜƪƭƛƴŘŜ ōƛǊ ƛǒŀǊŜǘ ǸǊŜǘƛǊΦ  

 

 
Çift sinyalin fonksiyonu,  x(t) = x(-ǘύ  ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƴƤǊΦ  ¢Ŝƪ ǎƛƴȅŀƭƛƴ ŦƻƴƪǎƛȅƻƴǳΣ  Ȅόǘύ Ґ -x(t) 

ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƴƤǊΦ .ƛǊ œƛŦǘ ǎƛƴȅŀƭ ǾŜ ǘŜƪ ǎƛƴȅŀƭƛƴ œŀǊǇƤƳƤ ƴŜ ƻƭǳǊΚ .ƛǊ œƛŦǘ ǎƛƴȅŀƭ ǾŜ ǘŜƪ ǎƛƴȅŀƭƛƴ 

ǘƻǇƭŀƳƤ ƴŜ ƻƭǳǊΚ 

Explanation The product of an even and odd signal is an odd signal. But product or sum of 

two even signals is even signal. 

 

 

 

 

 

 

 

 

1.1. Periyodik Sinyaller 
Some important classifications of signals 

Á Analog vs. Digital signals: as stated in the previous lecture, a signal with a magnitude 

that may take any real value in a specific range is called an analog signal while a 

signal with amplitude that takes only a finite number of values is called a digital 

signal.  

Á Continuous-time vs. discrete-time signals: continuous-time signals may be analog or 

digital signals such that their magnitudes are defined for all values of  t,  while 

discrete-time signal are analog or digital signals with magnitudes that are defined at 

specific instants of time only and are undefined for other time instants. 

Á Periodic vs. aperiodic signals: periodic signals are those that are constructed from a 

specific shape that repeats regularly after a specific amount of time  T0, [i.e., a 



periodic signal f(t) with period  T0  satisfies  f(t) = f(t+nT0) for all integer values of n],  

while aperiodic signals do not repeat regularly. 

Á Deterministic vs. probabilistic signals: deterministic signals are those that can be 

computed beforehand at any instant of time while a probabilistic signal is one that is 

random and cannot be determined beforehand.  

Á Energy vs. Power signals: as described below. 

 

 

 

 

 

bȅǉǳƛǎǘ ǘŜƻǊŜƳƛΥ .ƛǊ ŀƴŀƭƻƎ ǎƛƴȅŀƭƛƴ ǀǊƴŜƪ ŀƭƤƴƤǇ ƻǊƧƛƴŀƭƛǘŜǎƛƴƛ ōƻȊǳƭƳŀƳŀǎƤ ƛœƛƴ ŦǎҔҐнϝ.ǿ 

ƻƭƳŀƭƤŘƤǊΦ 

 

Periodic Signals 
 

Zaman içinde kendini tekrar eden sinyallerdir. 

 

 

·όǘύҐ! {ƛƴό ǘ Ҍ qύ 

!Υ DŜƴƭƛƪΤ Υ ŀœƤǎŀƭ ŦǊŜƪŀƴǎΤ f: frekans  (Hz=1/sec);  T:peryod (sec) 

ҐнˉŦΣ  f=1/T,  ¢Ґнˉκ 

¶ .ƛǊ ƛǒŀǊŜǘƛƴ ǇŜǊȅƻŘƛƪ ƻƭŀōƛƭƳŜǎƛ ƛœƛƴ, Ὕ ά   Σ  Ƴ ǘŀƳǎŀȅƤ ƻƭƳŀƭƤŘƤǊΦ  

¶ .ƛǊŘŜƴ ŦŀȊƭŀ ǎƛƴȅŀƭƛƴ ǘƻǇƭŀƳƤƴƤƴ ǇŜǊȅƻŘƛŎ ƻƭǳǇ ƻƭƳŀŘƤƐƤƴƤ ōŜƭƛǊƭŜƳŜƪ ƛœƛƴΣ  



άὝ ὯὝ T 
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Ὕ
ὯὩίὭὶὰὭ ίὥώ 

 

Kesirli ȅŀȊƤƭƳŀȅŀƴ ǎŀȅƤƭŀǊ ƛǊŀǎȅƻƴŜƭ ǎŀȅƤƭŀǊŘƤǊ ǾŜ ǇŜǊȅƻŘƛƪ ƻƭŀƳŀȊƭŀǊΦ 

 

¢мκ¢н ƻǊŀƴƤƴŘŀΣ ƳҐǇŀȅŘŀΣ ƪҐǇŀȅ ƻƭŀǊŀƪ ŀƭƤƴƤǊΦ  

 

X [n] = 2 cos (2n) is periodic or not? 

9ȄǇƭŀƴŀǘƛƻƴΥ ¢ƘŜ ƎƛǾŜƴ ǎƛƎƴŀƭ Ȅ ώƴϐ ƛǎ ƴƻƴ ǇŜǊƛƻŘƛŎ ŀǎ ƛǘ ŘƻŜǎƴΩǘ ǎŀǘƛǎŦȅ ǘƘŜ Ŝǉǳŀǘƛƻƴ 

ǿҐнˉƳκbΤ  ǿƘŜǊŜΣ b is fundamental period and m is an integer. 

CǳƴŘŀƳŜƴǘŀƭ ŦǊŜǉǳŜƴŎȅ Ȅώƴϐ ƛǎ ƎƛǾŜƴ ōȅ Ґ нϝǇƛ κbΦ CǳƴŘŀƳŜƴǘŀƭ ŦǊŜǉǳŜƴŎȅ ƛǎ ǘƘŜ ǎƳŀƭƭŜǎǘ 

value of N which satisfies the equation. Where N is a positive integer. 

 

 

 

Peiyodik Fonksiyonlar : 

¥:A­B bir fonksiyon olsun. "x ÍA için ¥(x+T) =¥(x) ŜǒƛǘƭƛƐƛƴƛ ǎŀƐƭŀȅŀƴ ōƛǊ ¢ ƎŜǊœŜƪ ǎŀȅƤǎƤ 

varsa, ¥ Ŧƻƴƪǎƛȅƻƴǳƴŀ ǇŜǊƛȅƻŘƛƪ ŦƻƴƪǎƛȅƻƴΣ ¢ ƎŜǊœŜƪ ǎŀȅƤǎƤƴŀ Řŀ ¥Ω ƴƛƴ ōƛǊ ǇŜǊƛȅƻŘǳ ŘŜƴƛǊΦ ¢ 

ƎŜǊœŜƪ ǎŀȅƤǎƤƴƤƴ Ŝƴ ƪǸœǸƐǸƴŜ ƛǎŜ Ŝǎŀǎ ǇŜǊƛȅƻŘǳ ŘŜƴƛǊΦ .ǳǊŀŘŀƴ ƘŀǊŜƪŜǘƭŜΤ 

k Í Z olmak üzere "aÍ IR için;  

cos(a + k.2p) = cosa   ve   sin(a + k.2p) = sina   ƻƭŘǳƐǳƴŘŀƴ ǎƛƴǸǎ ǾŜ ƪƻǎƛƴǸǎ ŦƻƴƪǎƛȅƻƴƭŀǊƤƴƤƴ 

periyodu k.2p ve esas periyodu 2p  dir. 

 

!ȅƴƤ ǒŜƪƛƭŘŜΤ 

k Í Z olmak üzere  a̧p/2 +kp ve a Í IR için  tan(a + k.p) = tana  

k Í Z olmak üzere  a̧ kp ve a Í IR için  cot(a + k.p) = cota   ƻƭŘǳƐǳƴŘŀƴ ǘŀƴƧŀƴǘ ǾŜ ƪƻǘŀƴƧŀƴǘ 

ŦƻƴƪǎƛȅƻƴƭŀǊƤƴƤƴ ǇŜǊƛȅƻŘǳ k.p ve esas periyodu p  dir. 

 

)(sin)( baxxf m +=  ve )(cos)( baxxf m +=  

 m tek ise 

2
T

a

p
=

  m çift ise 
T

a

p
=

  

 

 



 

 
 

 

 

 
 

 

 

Örnek: 



 
 

 
 

 



.ǳ ǎƛƴȅŀƭƛƴ ōƛǊ ǇŜǊȅƻŘǳƴŘŀ tǎҐнл ǀǊƴŜƪ ŀƭƤƴƳŀƪ ƛǎǘŜƴƳŜƪǘŜŘƛǊΦ Örnekleme peryodu, 

Ts=T/Ps,  ise, ǀǊƴŜƪƭŜƳŜ ŦǊŜƪŀƴǎƤΣ ŦǎҐмκ¢ǎ ŘŜƴ Ŧǎ ŘŜƐŜǊƛƴƛ ōǳƭǳƴǳǊΦ  

 

 
 

 

 
 

 

 



 
 

 

 
 

 



 
 

 
 

 

 



 

Determining the periodicity of the sum of periodic signals 

 

Let x(t) = x1(t) +  x2όǘύ Ҍ Χ ȄN(t) where xj(t) is a periodic signal with fundamental period Tj 

ǎŜŎƻƴŘǎΣ Ƨ Ґ мΣнΧbΦ 

 

To determine whether x(t) is periodic, form the ratios   T1 / TjΣ ƧҐнΣΧbΦ  LŦ ŜǾŜǊȅ ƻƴŜ ƻŦ ǘƘŜ 

ratios is a rational number, then x(t) is periodic.  Otherwise, it is not periodic. 

 

If x(t) is periodic, we determine its fundamental period as below: 

 

1. Convert the ratios T1 / TjΣ Ƨ Ґ нΣΧb ǘƻ ŀ Ǌŀǘƛƻ ƻŦ ƛƴǘŜƎŜǊǎΣ ǿƛǘƘ ŎƻƳƳƻƴ ŦŀŎǘƻǊǎ 

between numerator and denominator canceled out.  Now the ratios will be of the 

form Nj / Dj Σ ŦƻǊ ƧҐнΣΧbΦ 

2. Find the least common multiple (LCM) of the Dj ΨǎΦ  [Ŝǘ ǘƘƛǎ ƴǳƳōŜǊ ōŜ YΦ 

3. The fundamental period of x(t), T,  is then given by 

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 

 

 

 

 

 



 
 

 

 
 

 
 

 

 



 
 

 

 

Örnek: 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



Soru-9: !ǒŀƐƤŘŀƪƛ ǎƛƴȅŀƭƭŜǊƛƴ ǇŜǊƛȅƻŘƛƪ ƻƭǳǇ ƻƭƳŀŘƤƐƤƴƤ ōŜƭƛǊƭŜȅƛƴΦ {ƛƴȅŀƭ ǇŜǊƛȅƻŘƛƪ ƛǎŜΣ temel 

peryodunu belirleyin. 

 
tŜǊȅƻŘƛƪ ƻƭǳǇ ƻƭƳŀŘƤƐƤƴƤ ōŜƭƛǊƭŜƳŜƪ ƛœƛƴ  

Sin(w1ǘύҐǎƛƴόнˉŦ1ǘύΤ нˉŦ1Ґˉκр ƛǎŜ Ŧ1Ґмκмл IȊ ƻƭŘǳƐǳƴŘŀƴ ǘŜƳŜƭ ǇŜǊȅƻŘ ¢1=1/f1=10 bulunur 

Cos(w2ǘύҐŎƻǎόнˉŦ2ǘύΤ нˉŦ2Ґнˉκт ƛǎŜ Ŧ2Ґмκт IȊ ƻƭŘǳƐǳƴŘŀƴ ǘŜƳŜƭ ǇŜǊȅƻŘ ¢2=1/f2=7 bulunur. 

·όǘύΩƴƛƴ ǘŜƳŜƭ ǇŜǊȅƻŘǳҐ¢мϝ¢нҐтл ōǳƭǳƴǳǊΦ 

 

 
 

 

 

 

 

 



 
 

 
 

 



 
 

 
 

 

 

 

 

 

 

 

 



Soru: 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.2. Energy and Power Signals 
 

There are in principle many different energy fields available from which to harvest energy: 

ω wŀŘƛŀǘƛƻƴ όƭƛƎƘǘΣ ǎƻƭŀǊΣ ŎƻǎƳƛŎ ǊŀȅǎΣ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǊŀŘƛŀǘƛƻƴύ 

ω ¢ƘŜǊƳŀƭ 

ω aŜŎƘŀƴƛŎŀƭ όǇƻǘŜƴǘƛŀƭΣ ƪƛƴŜǘƛŎΣ ŜƭŀǎǘƛŎΣ ŦƭǳƛŘύ 

ω DǊŀǾƛǘŀǘƛƻƴŀƭ 

ω /ƘŜƳƛŎŀƭ όōŀttery, fuel cell, fossil fuels) 

ω bǳŎƭŜŀǊ 

ω aŀƎƴŜǘƛŎ (Magnetisation, currents etc) 

ω 9ƭŜŎǘǊƛŎ 

 

Güç ve Enerji nedir 

DǸœΣ ƛǒ ȅŀǇƳŀ ǇƻǘŀƴǎƛȅŜƭƛŘƛǊΦ DǸœΣ ŜƴŜǊƧƛ ǸǊŜǘƳŜ ƻǊŀƴƤŘƤǊΦ .ƛǊ ōŀǒƪŀ ƛŦŀŘŜȅƭŜΣ ōƛǊƛƳ ȊŀƳŀƴŘŀ 

yŀǇƤƭŀƴ ƛǒǘƛǊΦ .ƛǊƛƳƭŜǊƛ ƪƎƳκǎΣ ² ǾŜȅŀ ItΩŘƛǊΦ DǸœΣ ²ŀǘǘ ό²ύ ŎƛƴǎƛƴŘŜƴ ǀƭœǸƭǸǊΦ 

      -     тр ƪƎƳκǎ Ґ м ItΩŘƛǊΣ 

      -     млл ƪƎƳκǎҐ м Y²ΩǘƤǊΦ  

 

9ƴŜǊƧƛΣ άƛǒ ȅŀǇŀōƛƭƳŜ ȅŜǘŜƴŜƐƛŘƛǊέΦ Tǒ ȅŀǇƤƭŘƤƐƤƴŘŀΣ ŜƴŜǊƧƛ ōƛǊ ŦƻǊƳŘŀƴ ŘƛƐŜǊƛƴŜ ŘǀƴǸǒǸǊΦ 

9ƴŜǊƧƛ ōƛǊƛƳƛ ƧƻǳƭŜ όWύΩŘǸǊΦ  9ƴŜǊƧƛΣ ŦŀǊƪƭƤ ŦƻǊƳƭŀǊŘŀ ǾŜ ŀƳŀœƭŀǊƭŀ ƪǳƭƭŀƴƤƭƤǊΦ 9ƴŜǊƧƛΣ ƎǸœǘǸǊ; 

enŜǊƧƛΣ ǇŀǊŀŘƤǊ, eƴŜǊƧƛ ƛǒǘƛǊΦ .ƛǊƛƳƛ ƪƎƳΩŘƛǊΦ 

 

Elektrikte, Watt (W) güç ölçüm birimidir.  Amper x Volt = Watt. 

Elektrikte enerji ölçüm birimi Watt-ƘƻǳǊ ό²Ƙύ ŘƤǊΦ {ŀŀǘƭƛƪ ǸǊŜǘƛƭŜƴ ȅŀ Řŀ ǘǸƪŜǘƛƭŜƴ ŜƭŜƪǘǊƛƪ 

ŜƴŜǊƧƛǎƛ ƳƛƪǘŀǊƤŘƤǊΦ м Yƛƭƻǿŀǘǘ-hour (kWh) = 1000 Wh 

      -     м ƪ²ƘҐ усл YŎŀƭΩŘƛǊ ǾŜȅŀ опмр .ǘǳΩŘǳǊΦ 

 

1 Kilowatt-Hour = 1000 watts x 3600 seconds = 3.6 x 106 watt-second = 3.6 x 106  Joules 

 

How much heat is produced by a human body? 

Explanation: A man doing no or very little physical work needs about 2,000 kcal (or less) of 

energy in his daily food. The body converts this energy almost entirely into heat. 

1 day = 24 x 60 x 60 s = 86,400 s 1 cal = 4.2 J 

Hence, 2000 kcal/day = 2000 × 4.2 kj/day = (8.4 Mj)/86600s= 100 j/s = 100 W 

We see that a human body doing no work is equivalent to a heat source of about 100 W ς 

the equivalent of a good bulb. 

 

 

 

 



DǸœΥ !ƴƭƤƪ ǾŜ bƻǊƳŀƭƛȊŜ 

 

.ƛǊ ŘŜǾǊŜŘŜ !ƴƭƤƪ DǸœΥ ὴὸ ὺὸὭὸ 

 

hƘƳ ƪŀƴǳƴǳƴŘŀƴΣ ὴὸ ὭὸὙ 

 

!ƴƭƤƪ bƻǊƳŀƭƛȊŜ DǸœ wҐм ƻƘƳ ŀƭƤƴŀǊŀƪ ōǳƭǳƴǳǊΦ ὴὸ ὺ ὸ Ὥὸ 

 

Ὢὸ ōƛǊ ƎŜǊƛƭƛƳ ǾŜȅŀ ōƛǊ ŀƪƤƳ Ŧƻƴƪǎƛȅƻƴǳ ƻƭǳǊ ƛǎŜ ὴὸ Ὢ ὸ ƻƭŀǊŀƪ ȅŀȊƤƭƤǊΦ 

 

The total energy contained in and average power provided by a signal  f(t)  (which is a 

function of time) are defined as  

 

 

2| ( ) |fE f t dt

¤

-¤

=ñ
, 

and 
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= ñ
, 

respectively. 

 

For periodic signals, the power P can be computed using a simpler form based on the 

periodicity of the signal as 

 
ñ
+

=
0

0

2|)(|
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tT

t

fPeriodic dttf
T

P

, 

where  T  here is the period of the signal and  t0   is an arbitrary time instant that is chosen to 

simply the computation of the integration (to reduce the functions you have to integrate 

over one period).     

 

 

 

 

 

 

 

 

 

 

 

 



 

Classification of Signals into Power and Energy Signals 

 

Most signals can be classified into Energy signals or Power signals. A signal is classified into 

an energy or a power signal according to the following criteria 

 

a) Energy Signals:  an energy signal is a signal with finite energy and zero   

    ŀǾŜǊŀƎŜ ǇƻǿŜǊ  όл Җ E < ¤,  P = 0), 

b) Power Signals:   a power signal is a signal with infinite energy but finite   

    average power  (0 < P < ¤,  E ­ ¤).  

 

Comments: 

1. The square root of the average power P of a power signal is what is usually 

defined as the RMS value of that signal. 

2. Your book says that if a signal approaches zero as t approaches ¤ then the signal is 

an energy signal. This is in most cases true but not always as you can verify in part (d) 

in the following example. 

3. All periodic signals are power signals (but not all nonςperiodic signals are energy 

signals). 

4. Any signal f that has limited amplitude (| f |  < ¤) and is time limited  

 (f  = 0   for    | t |  > t0  for some  t0 > 0) is an energy signal as in part (g) in the 

following example.  

 

Exercise 2ς1: determine if the following signals are Energy signals, Power signals, or neither, 

and evaluate E and P for each signal  

 a) ( ) 3sin(2 ),a t t tp= -¤< <¤, 

  This is a periodic signal, so it must be a power signal. Let us prove it. 

  

[ ]

2 2| ( ) | | 3sin(2 ) |

1
9 1 cos(4 )

2

1
9 9 cos(4 )

2

J

aE a t dt t dt

t dt

dt t dt

p

p

p

¤ ¤

-¤ -¤

¤
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¤ ¤

-¤ -¤

= =

= -

= -

=¤

ñ ñ

ñ

ñ ñ

 
   

Notice that the evaluation of the last line in the above equation is infinite because of the 

first term. The second term has a value between ς2 to 2 so it has no effect in the overall 

value of the energy. 

 



 

Since a(t)  is periodic with period T = 2p/2p = 1 second, we get 
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So, the energy of that signal is infinite and its average power is finite (9/2). This means that 

it is a power signal as expected. Notice that the average power of this signal is as expected 

(square of the amplitude divided by 2) 

 

 b) 
2| |( ) 5 ,tb t e t-= -¤< <¤, 

 

  Let us first find the total energy of the signal. 
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The average power of the signal is 
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So, the signal b(t)  is definitely an energy signal. 

So, the energy of that signal is infinite and its average power is finite (9/2). This means that 

it is a power signal as expected. Notice that the average power of this signal is as expected 

(the square of the amplitude divided by 2) 
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  Let us first find the total energy of the signal. 
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  So, this signal is NOT an energy signal. However, it is also NOT a power  

  signal since its average power as shown below is zero. 

 

 

 

 

 



   

The average power of the signal is 
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¦ǎƛƴƎ [ŜΩƘƻǇƛǘŀƭΩǎ ǊǳƭŜΣ ǿŜ ǎŜŜ ǘƘŀǘ ǘƘŜ ǇƻǿŜǊ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ƛǎ ȊŜǊƻΦ ¢Ƙŀǘ ƛǎ 
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So, not all signals that approach zero as time approaches positive and negative infinite is an 

energy signal. They may not be power signals either. 

 

 e) 
2( ) 7 ,e t t t=- -¤< <¤, 

 

 f) 
2( ) 2cos (2 ),f t t tp= -¤< <¤. 

 

 g) 

212cos (2 ), 8 31
( )

0, elsewhere

t t
g t

pë - < <
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í . 

 

 

 



 
 

 

 
 

 



 
 

 

 
 



 
 

 

 
 

 



 
 

 

 

 

 
 



 
 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Soru:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( ) 3sin(2 ),a t t tp= -¤< <¤

[ ]
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Soru:   

 
 

a) Sinyalin enerjisini bulunuz. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Soru: 

x(t) sinyalinin enerjisi, 

 
ŦƻǊƳǸƭǸ ƛƭŜ ƘŜǎŀǇƭŀƴƤǊΦ 

x(t) sinyalinin gücü, 

 
ŦƻǊƳǸƭǸ ƛƭŜ ƘŜǎŀǇƭŀƴƤǊΦ 

 
{ƛƴȅŀƭƛƴ ŜƴŜǊƧƛǎƛ ƘŜǎŀǇƭŀƴƤǊƪŜƴΣ 

 
  ōŀƐƤƴǘƤǎƤ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊΦ h ƘŀƭŘŜ ǎƛƴȅŀƭƛƴ ŜƴŜǊƧƛǎƛƴƛ ƘŜǎŀǇƭŀȅƤƴƤȊΦ  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Soru: !ǒŀƐƤŘŀƪƛ ǎƛƴȅŀƭƭŜǊƛƴ ǘƻǇƭŀƳ ŜƴŜǊƧƛǎƛƴƛ ǾŜ ƻǊǘŀƭŀƳŀ ƎǸŎǸƴǸ ƘŜǎŀǇƭŀȅƤƴΦ 

 

 

 
 

 

Soru:  Ŝƪƛƭ ŦƛƎ ō ŘŜ ǾŜǊƛƭŜƴ ǎƛƴȅŀƭƛƴ ǘƻǇƭŀƳ ŜƴŜǊƧƛǎƛ ƴŜŘƛǊΚ 

 

 
a) 8A2 

b) 4A 

c) 2A 

d) 4A2 

Answer: a 
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1.3. Gürültü  
{ƛƴȅŀƭ ȊŀȅƤŦƭŀƳŀǎƤƴƤƴ Ŝƴ ȅŀȅƎƤƴ ǘƛǇƛΣ ǾŜǊƛŎƛŘŜ ǎƛƴȅŀƭ ȅǸƪǎŜƭǘƳŜ ƛǒƭŜƳƛ ǎƤǊŀǎƤƴŘŀ ƎǀǊǸƭŜƴ ǾŜ 

ǎƛƴȅŀƭƭŜ ōƛǊƭƛƪǘŜ ȅǸƪǎŜƭǘƳŜ ƛǒƭŜƳƛƴŜ ǘŀōƛ ǘǳǘǳƭŀǊŀƪ ȅǸƪǎŜƭǘƛƭŜƴ ƎǸǊǸƭǘǸ œŜǒƛŘƛ ƻƭǳǇΣ œƻƐǳƴƭǳƪƭŀ 

termal gürültü olarak bilinir.  

 

Telsiz ƘŀōŜǊƭŜǒƳŜǎƛƴŘŜ ƛǎŜΣ ǘŜǊƳŀƭ ƎǸǊǸƭǘǸȅŜ ƛƭŀǾŜ ƻƭŀǊŀƪ ƛƴǎŀƴ ŜƭƛȅƭŜ ƳŜȅŘŀƴŀ ƎŜƭŜƴ ƎǸǊǸƭǘǸ 

ǾŜ ƪŀƴŀƭŘŀ ǾŀǊƻƭŀƴ ŀǘƳƻǎŦŜǊƛƪ ƎǸǊǸƭǘǸ ŘŜ ŀƭƤŎƤ ŀƴǘŜƴŜ ǳƭŀǒƤǊΦ ¢Ŝƭƭƛ ǾŜȅŀ ǘŜƭǎƛȊ ƘŀōŜǊƭŜǒƳŜŘŜΣ 

ƪŀƴŀƭŘŀƪƛ ŘƛƐŜǊ ƪǳƭƭŀƴƤŎƤƭŀǊŘŀƴ ƪŀȅƴŀƪƭŀƴŀƴ ƎǸǊǸƭǘǸƭŜǊƛƴ ŜǘƪƛǎƛΣ ǎƛƴȅŀƭ ȊŀȅƤŦƭŀƳŀǎƤƴŀ Ŝǘƪƛ ŜŘŜƴ 

ŘƛƐŜǊ ōƛǊ ƎǸǊǸƭǘǸ œŜǒƛŘƛŘƛǊΦ ¸ǸƪǎŜƪ ŦǊŜƪŀƴǎƭŀǊŘŀ ȅŀǇƤƭŀƴ ǘŜƭǎƛȊ ƘŀōŜǊƭŜǒƳŜǎƛƴŘŜΣ ǎƛƴȅŀƭ 

ǎŜǾƛȅŜǎƛƴƛƴ ŘǸǒƳŜǎƛƴŜ ǎŜōŜǇ ƻƭŀƴ ǘƛǇƛƪ ōƛǊ Ŝǘƪƛ ŘŜ œƻƪ ȅƻƭƭǳ ȅŀȅƤƭƤƳ ƻƭǳǇΣ ȊŀƳŀƴ ōŀƐƤƳƭƤ 

ƻƭŀǊŀƪ ǎƛƴȅŀƭ ƎŜƴƭƛƐƛƴƛƴ ŘŜƐƛǒƛƳƛŘƛǊΦ DǀƴŘŜǊƛƭŜƴ ǎƛƴȅŀƭŘŜƪƛ ōǸǘǸƴ ōǳ ǊŀǎƎŜƭŜ ŘŜƐƛǒƛƳ ǾŜ 

bozulmalar istatistik terimlerle ifade edilebilir. 

 

Gürültü: DǀƴŘŜǊƛƭŜƴ ƻǊƛƧƛƴŀƭ ǎƛƴȅŀƭƛ ōƻȊŀƴ ǾŜ ǎƛǎǘŜƳŜ ƛǎǘŜƳ ŘƤǎƤ ŘŀƘƛƭ ƻƭŀƴ ƘŜǊƘŀƴƎƛ ōƛǊ ŜƴŜǊƧƛ 

όƛǎŀǊŜǘ ȅŀ Řŀ ǎƛƴȅŀƭύΦ DǸǊǸƭǘǸƴǸƴ ǾŀǊƭƤƐƤ ŀƴŀƭƻƎ ǾŜȅŀ ǎŀȅƤǎŀƭ ǎƛǎǘŜƳƭŜǊƛƴƛƴ ǇŜǊŦƻǊƳŀƴǎƤƴƤ 

ŘǸǒǸǊǸǊΦ DǸǊǸƭǘǸƴǸƴ ƛƭŜǘƛǒƛƳ ǎƛǎǘŜƳƛƴƛƴ ǇŜǊŦƻǊƳŀƴǎƤƴƤ ƴŜ ƪŀŘŀǊ ŜǘƪƛƭŜŘƛƐƛ ǎƛƴȅŀƭ ƎǸŎǸƴǸƴ 

ƎǸǊǸƭǘǸ ƎǸŎǸƴŜ ƻǊŀƴƤ όŀƴŀƭƻƎ ƛƭŜǘƛǒƛƳύ ȅŀ Řŀ Ƙŀǘŀ ƻƭŀǎƤƭƤƐƤ όǎŀȅƤǎŀƭ ƛƭŜǘƛǒƛƳύ ƛƭŜ ǀƭœǸƭǸǊΦ  

 

Girisim-Parazit (Interference): TǎǘŜƴƳŜȅŜƴ ƛǎŀǊŜǘƭŜǊƛƴ ǎƛǎǘŜƳƛmize girerek sinyalimiz üzerinde 

ȅŀǇǘƤƐƤ ōƻȊǳŎǳ ŜǘƪƛŘƛǊΦ 4ǀȊǸƳ ƛǎǘŜƴƳŜȅŜƴ ƛǎŀǊŜǘ ƪŀȅƴŀƪƭŀǊƤƴƤƴ ǎƛǎǘŜƳŘŜƴ ǳȊŀƪƭŀǎǘƤǊƤƭƳŀǎƤŘƤǊΦ 

 

 Harmonik Bozulma: {ƛƴȅŀƭƭŜǊ ƘŀǊƳƻƴƛƪ ŦǊŜƪŀƴǎƭŀǊƤƴ ǘƻǇƭŀƳƤƴŘŀƴ ƻƭǳǎǳǊΦ ¢Ŝƪ ŦǊŜƪŀƴǎƭƤ ōƛǊ 

ǎƛƴǸǎ ŘŀƭƎŀǎƤΤ ŘƻƐǊǳǎŀƭ ƻƭƳŀȅŀƴ ōƛǊ ŎƛƘŀȊŘŀ ȅǸƪǎŜƭǘƛƭŘƛƐƛƴŘŜΣ ōǳ ǘŜƪ ŦǊŜƪŀƴǎƭƤ ǎƛƴǸǎ ŘŀƭƎŀǎƤƴƤƴ 

ƛǎǘŜƴƳŜȅŜƴ ƪŀǘƭŀǊƤƴƤƴ ƻƭǳǎƳŀǎƤƴŀ ŘŜƴƛǊΦ IŀǊƳƻƴƛƪ ōƻȊǳƭƳŀƴƤƴ œŜǎƛǘƭƛ ŘŜǊŜŎŜƭŜǊƛ ǾŀǊŘƤǊΦ Tƪinci 

derece harmonik bozulma v.b. 

 

 aƻŘǸƭŀǎȅƻƴƭŀǊ !ǊŀǎƤ .ƻȊǳƭƳŀΥ Tƪƛ ǾŜȅŀ ŘŀƘŀ œƻƪ ŦǊŜƪŀƴǎΤ ŘƻƐǊǳǎŀƭ ƻƭƳŀȅŀƴ ōƛǊ ŎƛƘŀȊŘŀ 

ȅǸƪǎŜƭǘƛƭŘƛƐƛƴŘŜΣ ƛǎǘŜƴƳŜȅŜƴ ǾŜƪǘǀǊŜƭ œŀǊǇƤƳƭŀǊƤƴ όǘƻǇƭŀƳ ǾŜȅŀ ŦŀǊƪ ŦǊŜƪŀƴǎƭŀǊƤƴƤƴύ 

ƻƭǳǎƳŀǎƤŘƤǊΦ IŀǊƳƻƴƛƪ ōƻȊǳƭƳŀŘŀ ƻƭŘǳƐǳ ƎƛōƛΣ ōǳ ōƻȊǳƭƳŀƴƤƴ Řŀ ŘŜǊŜŎŜƭŜǊƛ ǾŀǊŘƤǊΦ DŜƴŜƭ 

ƻƭŀǊŀƪ нΦ ŘŜǊŜŎŜ ƳƻŘǸƭŀǎȅƻƴƭŀǊ ŀǊŀǎƤ ōƻȊǳƭƳŀ ȅǸȊŘŜǎƛ ƪǳƭƭŀƴƤƭƤǊΦ 

 

Çapraz Konusma (Crosstalk): !ȅƴƤ ƪƤƭƤŦ ƛœŜǊƛǎƛƴŘŜ ȅŀƴȅŀƴŀ ōǳƭǳƴŀƴ ƪŀōƭƻƭŀǊŘŀƪƛ ǎƛƴȅŀƭƭŜǊƛƴ 

ōƛǊōƛǊƭŜǊƛƴƛ ŜǘƪƛƭŜƳŜƭŜǊƛŘƛǊΦ 4ǀȊǸƳΣ ōǸƪǸƳƭǸ ƪŀōƭƻ ƪǳƭƭŀƴƤƳƤύ 

 

LǎƤƭ DǸǊǸƭǘǸΥ Devreyi olusturan; direnç, transistör ,vb. elemanlarda bulunan serbest 

ŜƭŜƪǘǊƻƴƭŀǊ ƻǊǘŀƳ ǎƤŎŀƪƭƤƐƤ ƴŜŘŜƴƛȅƭŜ ƎǸǊǸƭǘǸ ƻƭǳǎǘǳǊŀōƛƭƛǊƭŜǊΦDǸǊǸƭǘǸ ǘŀǊŀŦƤƴŘŀƴ ƻƭǳǒǘǳǊǳƭŀƴ 

güç Johnson formülü ile ifade edilir. 

Pn = 4kTB 

Bu formülde; 

Pn; gürültü taraŦƤƴŘŀƴ ƻƭǳǎǘǳǊǳƭŀƴ ƎǸœΣ 



k; Boltzman sabiti 1.38*10-23 J/K 

¢Τ ǎƤŎŀƪƭƤƪ όYŜƭǾƛƴύ 

.Τ ōŀƴǘ ƎŜƴƛǎƭƛƐƛ όIŜǊǘȊύ 

5ƛǊŜƴœ ǘŀǊŀŦƤƴŘŀƴ ƻƭǳǎǘǳǊǳƭŀƴ ƤǎƤƭ ƎǸǊǸƭǘǸƴǸƴ ŜŦŜƪǘƛŦ ǾƻƭǘŀƧ ŘŜƐŜǊƛΤ 

en= Karekök(4kTBR) 

 

Schottky Gürültüsü: 5ƛȅƻǘΣ .W¢Σ C9¢ ǾŜȅŀ ǘǸǇ Ǝƛōƛ Ŝǘƪƛƴ ōƛǊ ŀȅƎƤǘƤƴ œƤƪƤǒ ǀƐŜǎƛƴŜ ǘŀǒƤȅƤŎƤƭŀǊƤƴ 

όŜƭŜƪǘǊƻƴƭŀǊ ǾŜ ōƻǒƭǳƪκŘŜƭƛƪƭŜǊύΦwŀǎƎŜƭŜ ŘŜƐƛǒŜƴ ōƛǊ ƎǸǊǸƭǘǸ ǘǸǊǸŘǸǊΦ ±ŀǊ ƻƭŀƴ ƘŜǊ ƛǒŀǊŜǘƛƴ 

ǸȊŜǊƛƴŜ ōƛƴƳƛǒ ƻƭŀǊŀƪ ōǳƭǳƴǳǊΦ .ƛǊ Řƛȅƻǘ ƛœŜǊƛǎƛƴŘŜƪƛ ǎŎƘƻǘǘƪȅ ƎǸǊǸƭǘǸǎǸΤ 

In = Karekök(2 * qe * Idc * B) 

Bu formülde; 

qe; Elektron yükü 1.6*10-19, 

LŘŎ Τ 5ƛȅƻǘ ŘƻƐǊǳ ŀƪƤƳƤ ό!ύ 

.Τ 9ǎŘŜƐŜǊ ōŀƴǘ ƎŜƴƛǎƭƛƐƛ όIŜǊǘȊύ 

 

1.4. Kanal Kapasitesi  
!ƴŀƭƻƎ ǎƛƴȅŀƭƭŜǊ ǎŀȅƤǎŀƭ ǎƛƴȅŀƭƭŜǊŜ ŘǀƴǸǒǘǸǊǸƭǸǊƪŜƴ bȅǉǳƛǎǘ ǾŜ {Ƙŀƴƴƻƴ ǘŜƻǊŜƳƭŜǊƛ ƪǳƭƭŀƴƤƭƤǊΦ 

Nyquist teoremi gürülǘǸǎǸȊ ƛƭŜǘƛǒƛƳ ƻǊǘŀƳƤƴŘŀƴ ƎǀƴŘŜǊƛƭŜōƛƭŜŎŜƪ ǘƻǇƭŀƳ ǎŀȅƤǎŀƭ ǾŜǊƛ 

ƳƛƪǘŀǊƤƴƤ ǾŜ ǀǊƴŜƪƭŜƳŜ ŀǊŀƭƤƐƤƴƤ ōŜƭƛǊƭŜǊΦ  .ǳ ǘŜƻǊŜƳŜ ƎǀǊŜ ŀƴŀƭƻƎ ǎƛƴȅŀƭƛ ǎŀȅƤǎŀƭ ƛǒŀǊŜǘŜ 

ŘǀƴǸǒǸǇ ōƻȊǳƭƳŀŘŀƴ ȅŜƴƛŘŜƴ ŀƴŀƭƻƎ ƛǒŀǊŜǘŜ ŘǀƴǸǒŜōƛƭƳŜǎƛ ƛœƛƴ ǀǊƴŜƪƭŜƳŜ ŦǊŜƪŀƴǎƤƴƤƴ 

analog sinyalinin bŀƴŘ ƎŜƴƛǒƭƛƐƛƴƛƴ ƛƪƛ ƪŀǘƤƴŀ Ŝǒƛǘ ȅŀ Řŀ ōǸȅǸƪ ƻƭƳŀǎƤ ƎŜǊŜƪƛǊΦ mǊƴŜƪƭŜƳŜ 

ŀǊŀƭƤƐƤΤ ǀǊƴŜƪƭŜƳŜ ŦǊŜƪŀƴǎƤƴƤƴ ǘŜǊǎƛŘƛǊΦ bȅǉǳƛǎǘ ǘŜƻǊŜƳƛ ƎǸǊǸƭǘǸǎǸȊ ƛƭŜǘƛǒƛƳ ƪŀƴŀƭƭŀǊƤƴƤ 

ǘŀƴƤƳƭŀǊ ƻȅǎŀ ƛƭŜǘƛǒƛƳ ƻǊǘŀƳƭŀǊƤ ƎǸǊǸƭǘǸ ƛƭŜ ōƛǊƭƛƪǘŜ ǾŀǊƭƤƐƤƴƤ ǎǸǊŘǸǊǸǊƭŜǊ ōǳ ƴŜŘŜƴƭŜ ƛǒŀǊŜǘƛƴ 

ƎǸǊǸƭǘǸȅŜ ƻǊŀƴƤƴŀ ōŀƐƭƤ ƻƭŀǊŀƪ ƪŀƴŀƭ ƪŀǇŀǎƛǘŜǎƛƴƛ ǘŀƴƤƳƭŀƳŀƪ ƛœƛƴ {ƘŀƴƴƻƴΩƤƴ ǘŜƻǊŜƳƛ 

ƪǳƭƭŀƴƤƭƤǊΦ 

 

IŀōŜǊƭŜǒƳŜ ƪŀƴŀƭƤ ǎƛƴȅŀƭƛƴ ǾŜǊƛŎƛŘŜƴ ŀƭƤŎƤȅŀ ƎǀƴŘŜǊƛƭƳŜǎƛƴŜ ȅŀǊŀȅŀƴ ŦƛȊƛƪƛ ōƛǊ ƻǊǘŀƳŘƤǊΦ  

9ƭŜƪǘǊƛƪ ǎƛƴȅŀƭƭŜǊƛƴƛƴ ƎŜœǘƛƐƛΣ ŦǊŜƪŀƴǎ ȅŀ Řŀ ȊŀƳŀƴ ƛƭŜ ŀȅǊƤǒǘƤǊƤƭƳƤǒ ōŀƴǘ ȅŀ Řŀ ȅƻƭŀ ƪŀƴŀƭ ŘŜƴƛǊΦ 

¢ŜƭǎƛȊ ƘŀōŜǊƭŜǒƳŜǎƛƴŘŜ ƪǳƭƭŀƴƤƭŀƴ ƪŀƴŀƭ ƎŜƴŜƭƭƛƪƭŜ ŀǘƳƻǎŦŜǊ όǎŜǊōŜǎǘ ǳȊŀȅύ ƻƭǳǇ ǘŜƭŜŦƻƴ ǾŜȅŀ 

ŘƛƐŜǊ ǘŜƭƭƛ ƘŀōŜǊƭŜǒƳŜ œŜǒƛǘƭŜǊƛƴŘŜ ƛǎŜ ǘŜƭΣ ƪƻŀƪǎƛȅŜƭ ƪŀōƭƻ ǾŜȅŀ ƻǇǘƛƪ ƪŀōƭƻ Ǝƛōƛ œŜǒƛǘƭƛ ŦƛȊƛƪƛ 

ƻǊǘŀƳƭŀǊŘƤǊΦ YǳƭƭŀƴƤƭŀƴ ƪŀƴŀƭΣ ǘŜƭƭƛ ƻǊǘŀƳ Řŀ ƻƭǎŀ ƎǀƴŘŜǊƛƭŜƴ ǎƛƴȅŀƭ ōŀȊƤ ǊŀǎƎŜƭŜ ȊŀȅƤŦƭŀƳŀ 

ƳŜƪŀƴƛȊƳŀƭŀǊƤƴŀ ǘŀōƛ ƻƭǳǊΦ  

.ƛǊ ƘŀōŜǊƭŜǒƳŜ ǎƛǎǘŜƳƛ ǘŀǎŀǊƭŀƴƤǊƪŜƴ ǎƛƴȅŀƭ ōƻȊǳƭƳŀƭŀǊƤƴƤƴ ōǸǘǸƴ ŜǘƪƛƭŜǊƛ ƎǀȊ ǀƴǸƴŜ 

ŀƭƤƴƳŀƭƤŘƤǊΦ  

ω {ǇŜƪǘǊǳƳΤ .ƛǊ ƛǒŀǊŜǘƛ ƻƭǳǒǘǳǊŀƴ ŦǊŜƪŀƴǎ ŀǊŀƭƤƐƤΤ ŦƳƛƴΣ ŦƳŀȄ 

ω .ŀƴŘ DŜƴƛǒƭƛƐƛΤ {ǇŜƪǘǊǳƳ ƎŜƴƛǒƭƛƐƛҐŦƳŀȄ-fmin 

ω YŀǇŀǎƛǘŜΤ ƛƭŜǘƛƭŜōƛƭŜŎŜƪ Řŀǘŀ ƻǊŀƴƤ ōǇǎ 

ω Gürültü, SNR 



 

 

 

 

 

 

 

Å The maximum rate at which data can be transmitted over a given communication path 

Å Relationship of 

ï Data rate: bits per second 

ï Bandwidth: constrained by the transmitter, nature of transmission medium 

ï Noise: depends on properties of channel 

ï Error rate: the rate at which errors occur 

 

Å How do we make the most efficient use possible of a given bandwidth? 

ï Highest data rate, with a limit on error rate for a given bandwidth 

 

A very important consideration in data communications is how fast we can send data, in bits 

per second, over a channel. Data rate depends on three factors: 

   1. The bandwidth available 

   2. The level of the signals we use 

   3. The quality of the channel (the level of noise) 

 

¶ Nyquist teoremi gürültüsüz kanal için geçerlidir 

¶ {ƘŀƴƴƻƴΩǎ ǘŜƻǊŜƳƛ ƎǸǊǸƭǘǸƭǸ ƪŀƴŀƭƤƴ ƪŀǇŀǎƛǘŜǎƛƴƛ ǘŀƴƤƳƭŀǊΦ 

 

Nyquist Teoremi 

Harry Nyquist (1889-мфтсύΣ ƛǎǾŜœΩǘŜ ŘƻƐŘǳΣ мфлт ȅƤƭƤƴŘŀ !ƳŜǊƛƪŀΩŘŀ !¢ϧT Bell 

[ŀōƻǊŀǘǳŀǊƤƴŘŀ œŀƭƤǒǘƤΦ 5ǊΦ bȅǉǳƛǎǘ ǾŜ 5ǊΦ /ƭŀǳŘŜ {Ƙŀƴƴƻƴ ƳƻŘŜǊƴ ǘŜƭŜƪƻƳǸƴƛƪŀǎȅƻƴŘŀƪƛ  

ǘǸƳ ǘŜƻǊƛƪ ƎŜƭƛǒƳŜƭŜǊƛƴ ŀƭǘ ȅŀǇƤ ǘŜƻǊŜƳƛƴƛ ƎŜƭƛǒǘƛǊƳƛǒƭŜǊŘƛǊΦ  

 

bȅǉǳƛǎǘ ǘŜƻǊŜƳƛ ƎǸǊǸƭǘǸǎǸȊ ƘŀōŜǊƭŜǒƳŜ ƪŀƴŀƭƤƴŘŀƴ ōƛǊ ǎŀƴƛȅŜŘŜ ǘǊŀƴǎŦŜǊ ŜŘƛƭŜŎŜƪ ōƛǘ 

ƳƛƪǘŀǊƤƴƤ ǘŀƴƤmlar.  

C=2 x B x n 

C=64.000bps, B=4.000Hz ise n=?  

n=64.000/(2*4.000)=8 bit.  

mǊƴŜƪƭŜƴŜŎŜƪ ŀǊŀƭƤƪ ǎŀȅƤǎƤҐнϣƴҐнрс ŘƤǊΦ 

 



!ƴŀƭƻƎŘŀƴ ǎŀȅƤǎŀƭŀ ƛƭŜǘƛƭŘƛƪǘŜƴ ǎƻƴǊŀ ǎŀȅƤǎŀƭŘŀƴ ŀƴŀƭƻƐŀ ŘǀƴǸǒǸǇ ƻǊƛƧƛƴŀƭ ƛǒŀǊŜǘƛ ȅŜƴƛŘŜƴ ŜƭŘŜ 

etmede kriterler; 

ω mǊƴŜƪ ŀƭƳŀ ŀǊŀƭƤƐƤ 

ω Örnek ŀƭƤƴŀƴ ƛǒŀǊŜǘƛƴ ŘŜƐŜǊƛƴ ƛŦŀŘŜ ŜŘƛƭŘƛƐƛ ǎŀȅƤǎŀƭ ōƛǘ ǎŀȅƤǎƤ 

ω hǊǘŀƳƤƴ ƪŀǇŀǎƛǘŜǎƛƴƛ ǎƤƴƤǊƭŀȅŀƴ ŜǘƪƛƭŜǊΤ ƎǸǊǸƭǘǸΣ ŘƛǊŜƴƳŜΣ ȊŀȅƤŦƭŀƳŀ  

 

mǊƴŜƪ ŀƭƳŀ ŦǊŜƪŀƴǎƤΣ Ŧs ҔҐнϝ.² ƛǎŜ ό.²Υ ōŀƴŘ ƎŜƴƛǒƭƛƐƛύΣ .²ҐмлΦлллIȊ ƛǎŜ ǀǊƴŜƪ ŀƭƳŀ 

ŦǊŜƪŀƴǎƤƴƤ ōǳƭǳƴǳȊΦ mǊƴŜƪ ŀƭƳŀ ȊŀƳŀƴ ŀǊŀƭƤƐƤƴƤ ǎŀƴƛȅŜ ƻƭŀǊŀƪ ōǳƭǳƴǳȊΦ 

Fs=2*10.000=20.000Hz 

Ts=1/20000=50mikrosaniyedir. 

 

Soru: !ƴŀƭƻƎ ƛǒŀǊŜǘ ǎŀȅƤǎŀƭ ƛǒŀǊŜǘŜ ŘǀƴǸǒǸǇ ƛƭŜǘƛƭŘƛƪǘŜƴ ǎƻƴǊŀ ȅŜƴƛŘŜƴ ŀƴŀƭƻƎŀ œŜǾǊƛƭŘƛƐƛƴŘŜ 

ŀȅƴƤ ƛǒŀǊŜǘ ƴŀǎƤƭ ŜƭŘŜ ŜŘƛƭŜŎŜƪǘƛǊΚ 

mǊƴŜƪƭŜƳŜ ŀǊŀƭƤƐƤΤ 

300 Hz - 3400 Hz frekans aralƤƐƤƴŘŀ ƛǒŀǊŜǘƭŜǊƛƴ ǘƻǇƭŀƳƤƴŘŀƴ ƻƭǳǒŀƴ ǘŜƭŜŦƻƴ ƘŀōŜǊƭŜǒƳŜǎƛƴŘŜ 

ǀǊƴŜƪƭŜƳŜ ŦǊŜƪŀƴǎƤ ŀƴŀƭƻƎ ƛǒŀǊŜǘƛƴƛƴ ōŀƴǘ ƎŜƴƛǒƭƛƐƛƴƛƴ ƛƪƛ ƪŀǘƤ ŀƭƤƴƤǊǎŀ ōŀƴǘ ƎŜƴƛǒƭƛƐƛ ōƻȊǳƭƳŀȊΦ 

мнр ƳƛƪǊƻ ǎŀƴƛȅŜ ŀǊŀƭƤƪƭŀǊƭŀ ǀǊƴŜƪ ŀƭƤǇΣ ŀƴŀƭƻƎ ƛǒŀǊŜǘ ǎŀȅƤǎŀƭ ƛǒŀǊŜǘŜ ŘǀƴǸǒǘǸǊǸƭǸǊǎŜ ƻǊƧƛƴŀƭƛǘŜ 

bozulmaz.   

 

9ƐŜǊ ōƛǊ Ŧόǘύ ŀƴŀƭƻƎ ƛǒŀǊŜǘƛΣ ōŀƴǘ ƎŜƴƛǒƭƛƐƛƴƛƴ н ƪŀǘƤƴŀ Ŝǒƛǘ ȅŀ Řŀ ōǸȅǸƪ ōƛǊ ŦǊŜƪŀƴǎƭŀ Ŝǒƛǘ 

ŀǊŀƭƤƪƭŀǊƭŀ ǀǊƴŜƪƭŜƴƛǊǎŜ ǎŀȅƤǎŀƭ ƛǒŀǊŜǘǘŜƴ ƻǊƛƧƛƴŀƭ ŀƴŀƭƻƎ ƛǒŀǊŜǘ ȅŜƴƛŘŜƴ ŜƭŘŜ ŜŘƛƭƛǊΦ !ƴŀƭƻƎ 

ƛǒŀǊŜǘƛ ǎŀȅƤǎŀƭŀ œŜǾƛǊŘƛƪǘŜƴ ǎƻƴǊŀΥ ¢ǊŀƴǎŦŜǊ ŜŘƛƭƛǊΣ ōƛƭƎƛǎŀȅŀǊŘŀ ƛǒƭŜƴƛǊΣ ǘŜƪǊŀǊ ŘǳȅŀōƛƭƳŜƪ ƛœƛƴ 

ŀƴŀƭƻƎŀ œŜǾǊƛƭƛǊΦ bȅǉǳƛǎǘΩŜ ƎǀǊŜΥ !ƴŀƭƻƎ ŦǊŜƪŀƴǎƤƳΣ ōŀƴǘ ƎŜƴƛǒƭƛƐƛƴƛƴ н ƪŀǘƤƴŘŀƴ ōǸȅǸƪ ȅŀ Řŀ 

Ŝǒƛǘ ƻƭƳŀƭƤŘƤǊΦ 

 

Ŧǎ ҔҐ   нϝ.ǿΣ ǘŜƭŜŦƻƴ ƛƭŜǘƛǒƛƳ ǘŜƪƴƻƭƻƧƛǎƛƴŘŜ л ς п ƪIȊ ŀǊŀǎƤƴŘŀŘƤǊΦ 

 

 

 

 

 

 

!ƴŀƭƻƎ ƛǒŀǊŜǘǘŜƴ мнр ƳƛƪǊƻ ǎŀƴƛȅŜŘŜ ōƛǊ ǀǊƴŜƪ ŀƭƤƴƤǇ ǘǊŀƴǎŦŜǊ ŜŘƛƭƛǇΣ ǘŜƪǊŀǊ ŀƴŀƭƻƎŀ œŜǾƛǊƛƭƛǊǎŜ 

ƛǒŀǊŜǘƛƴ ƻǊƧƛƴŀƭƛǘŜǎƛ ōƻȊǳƭƳŀȊΦ 

¶ aǸȊƛƪǘŜ ōŀƴǘ ƎŜƴƛǒƭƛƐƛ ό.ǿύ мл ƛƭŜ мн ƪIȊ ŀǊŀǎƤƴŘŀŘƤǊΦ 

¶ Çok yüksek kalite müziklerde .ǿΣ нлƪIȊ ƻƭƳŀƭƤŘƤǊΦ 

 

 

 

C = 2*B*log2 (2^n) 

/Ґ YŀƴŀƭŘŀƴ ƎǀƴŘŜǊƛƭŜōƛƭŜŎŜƪ м ǎŀƴƛȅŜŘŜƪƛ ōƛǘ ǎŀȅƤǎƤ όōǇǎύ 
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. Ґ Yŀƴŀƭ .ŀƴŘ ƎŜƴƛǒƭƛƐƛ όIȊύ 

   ±ҐнϣƴҐ mǊƴŜƪ ŀƭƤƴŀŎŀƪ ŀƴŀƭƻƎ ƛǒŀǊŜǘƛƴ ōǀƭǸƴŜŎŜƐƛ ǎŜǾƛȅŜ ǎŀȅƤǎƤ 

 

Shannon Teoremi  (Claude Shannon 1916-2001 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shannon limit: 

 

Â There exists a limiting value of below which there can be no error-free communication 

at any information rate. 

Â By increasing the bandwidth alone, the capacity can not be increased to any desired 

value. 

 

TǒŀǊŜǘƛƴ DǸǊǸƭǘǸȅŜ hǊŀƴƤ 

SNR = 10 Log (S/N) 

{Υ TǒŀǊŜǘ {ŜǾƛȅŜǎƛ ό²ŀǘǘύ 

N: Gürültü Seviyesi (Watt) 

 

Shannon Kapasite Formülü: 

±ŜǊƛ ƘƤȊƤƴƤ ƛƭŜǘƛƳ ƎǸǊǸƭǘǸǎǸ ƛƭŜ ƛƭƛǒƪƛƭŜƴŘƛǊƛǊΦ  

TǒŀǊŜǘƛƴ ƎǸŎǸƴǸƴ ȅǸƪǎŜƪ ƻƭƳŀǎƤ ƘŀǘŀȅƤ ŀȊŀƭǘŀŎŀƪǘƤǊΦ 

ὅ ὄὒέὫρ ὛὔὙ 

.ŀƴŘ ƎŜƴƛǒƭƛƐƛƴƛ ŀǊǘƤǊƳŀƪ ƪŀǇŀǎƛǘŜȅƛ ŀǊǘƤǊƤǊΣ ŀƴŎŀƪ {bw ƻǊŀƴƤƴƤ ŀȊŀƭǘƤǊΦ 

ὛὔὙ  olarak verilir. Burada Eb bit enrjisi, N0 ƛǎŜ IŜǊǘȊ ōŀǒƤƴŀ ƎǸǊǸƭǘǸ ƎǸŎǸŘǸǊΦ 
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Soru: 

½ŀƳŀƴƭŀ ƎŜƴƭƛƐƛΣ ŦǊŜƪŀƴǎƤ ǾŜ ŦŀȊƤ ŘŜƐƛǒŜƴ ǎƛƴǸǎƻƛŘŀƭ ƛǒŀǊŜǘƭŜǊƛƴ ōƛǊƭŜǒƛƳŘŜƴ ŀƴŀƭƻƎ ƛǒŀǊŜǘ ŜƭŘŜ 

ŜŘƛƭƳŜƪǘŜŘƛǊΦ !ƴŀƭƻƎ ƛǒŀǊŜǘƛ ǎŀȅƤǎŀƭ ƛǒŀǊŜǘŜ ŘǀƴǸǒǘǸǊǸǊƪŜƴ bȅǉǳƛǎǘ ǘŜƻǊŜƳƛ ƪǳƭƭŀƴƤƭƤǊΦ .ǳ 

ǘŜƻǊŜƳŜ ƎǀǊŜ ǀǊƴŜƪƭŜƳŜ ŦǊŜƪŀƴǎƤ ƳŀƪǎƛƳǳƳ ŦǊŜƪŀƴǎƤƴ ƛƪƛ ƪŀǘƤ ǎŜœƛƭƛǊΦ bȅǉǳƛǎǘ ƻǊŀƴƤΣ 

ǀǊǘǸǒƳŜȅƛ όŀƭƛŀǎƛƴƎύ ǀƴƭŜƳŜƪ ƛœƛƴ ƳƛƴƛƳǳƳ ǀǊƴŜƪƭŜƳŜ ǎƤƪƭƤƐƤŘƤǊΦ 

 

!ǒŀƐƤŘŀ ŦǊŜƪŀƴǎƭŀǊƤƤ ǾŜǊƛƭŜƴ Ǹœ ŀŘŜǘ ǎƛƴǳǎƻƛŘŀƭ ǎƛƴȅŀƭŘŜƴ ƻƭǳǒŀƴ ŀƴŀƭƻƎ ǎƛƴȅŀƭƛƴ bȅǉǳƛǎǘ 

ƻǊŀƴƤƴŀ ƎǀǊŜ ǀǊƴŜƪƭŜƳŜ ŦǊŜƪŀƴǎƤƴƤ ōǳƭǳƴǳȊΦ 

 1 2 31000 Hz, 3000 Hz and 6000 Hz.F F F= = =  

 

Yŀƴŀƭ ƪŀǇŀǎƛǘŜǎƛ ƳŀƪǎƛƳǳƳ ǾŜǊƛ ŀƪƤǒ ƘƤȊƤŘƤǊΦ ±ŜǊƛ ƘƤȊƤΣ ōŀƴŘ ƎŜƴƛǒƭƛƐƛΣ ƎǸǊǸƭǘǸΣ Ƙŀǘŀ ƻŀǊƴƤ  ƛƭŜ 

ƛƭƛǒƪƛƭƛŘƛǊΦ  ±ŜǊƛ ƘƤȊƤ ǎŀƴƛȅŜŘŜƪƛ ǾŜǊƛ ƛǒƭŜƳŜ  ȅŀ Řŀ ƛƭŜǘƛƭŜƴ ōƛǘ ǎŀȅƤǎƤŘƤǊΦ 

 

bȅǉǳƛǎǘ .ŀƴǘ DŜƴƛǒƭƛƐƛΥ 

¶ Yŀƴŀƭ ōŀƴŘ ƎŜƴƛǒƭƛƐƛ ǾŜǊƛ ƘƤȊƤƴŀ ōŀƐƭƤŘƤǊΦ 

¶ . ōŀƴŘ ƎŜƴƛǒƭƛƪƭƛ ōƛǊ ƪŀƴŀƭŘŀƴ н. ōƛǘ ƘƤȊƤȅƭŀ ƘŀōŜǊƭŜǒƛƭƛǊΦ 

¶ Çok seviyeli sinyaller varsa Band kapasitesi,  ὅ ςὄὒέὫὓ  ƻƭŀŎŀƪǘƤǊΦ  

 

wŀȅƭŜƛƎƘ 5ŀƐƤƭƤƳƤΥ 

IŀǊŜƪŜǘƭƛ ƘŀōŜǊƭŜǒƳŜ ƪŀƴŀƭƭŀǊƤƴŘŀ wŀȅƭŜƛƎƘ ŘŀƐƤƭƤƳƤ ŘǸȊ ǎǀƴǸƳƭŜƳŜȅŜ ǳƐǊŀƳƤǒ ƛǒŀǊŜǘƛƴ 

ŀƭƤŎƤŘŀƪƛ ȊŀǊŦƤƴƤƴ ƛǎǘŀǘƛƪǎŜƭ ƻƭŀǊŀƪ ȊŀƳŀƴƭŀ ŘŜƐƛǒƛƳƛƴƛ ƎǀǎǘŜǊƛǊΦ DǸǊǸƭǘǸ ƛǒŀǊŜǘƛƴƛƴ Řƛƪ 

ōƛƭŜǒŜƴƭŜǊƛ Dŀǳǎǎ ŘŀƐƤƭƤƳƤ ǒŜƪƭƛƴŘŜ ƛŦŀŘŜ ŜŘƛƭƛǇ ȊŀǊŦƤ wŀȅƭŜƛƎƘ ŘŀƐƤƭƤƳƤƴƤ 

ǾŜǊƳŜƪǘŜŘƛǊΦwŀȅƭŜƛƎƘ ŘŀƐƤƭƤƳƤƴƤƴ ƻƭŀǎƤƭƤƪ ȅƻƐǳƴƭǳƪ Ŧƻƴƪǎƛȅƻƴǳ ŀǒŀƐƤŘŀƪƛ Ǝƛōƛ ƛŦŀŘŜ ŜŘƛƭƛǊΦ 



 

DŜȊƎƛƴ ƛƭŜǘƛǎƛƳŘŜ ŀƭƤŎƤ ǾŜ ǾŜǊƛŎƛ ŀǊŀǎƤƴŘŀ ŘƛǊŜƪǘ ƎǀǊǸǎ ȅƻƭǳ όƭƛƴŜ-of-sight, LOS) 

ȅƻƪǎŀ wŀȅƭŜƛƎƘ ŘŀƐƤƭƤƳƤȅƭŀ ƳƻŘŜƭƭŜƴƛǊΦ wŀȅƭŜƛƎƘ ŘŀƐƤƭƤƳƤΣ ŘǸȊ ǎǀƴǸƳƭŜƳŜȅŜ ǳƐǊŀƳƤǎ ǾŜ 

ŀƭƤŎƤȅŀ ŘƻƐǊǳŘŀƴ ǳƭŀǎƳŀȅŀƴ ƛǎŀǊŜǘƛƴ ŀƭƤŎƤŘŀƪƛ ȊŀǊŦƤƴƤƴ ƛǎǘŀǘƛǎǘƛƪǎŜƭ ƻƭŀǊŀƪ ȊŀƳŀƴƭŀ ŘŜƐƛǎƛƳƛƴƛ 

ǘŀƴƤƳƭŀƳŀƪǘŀŘƤǊΦ wŀȅƭŜƛƎƘ ŘŀƐƤƭƤƳƤ ŀǎŀƐƤŘŀƪƛ ƻƭŀǎƤƭƤƪ ȅƻƐǳƴƭǳƪ ƛǎƭŜǾƛƴŜ  ǎŀƘƛǇǘƛǊΥ 

 

 

 
 

 



Gecikme 
DŜŎƛƪƳŜ œŜǒƛǘƭŜǊƛΥ 

¶ TǒƭŜƳŜ 

¶ tǊƻǘƻƪƻƭ YƻŘ 4ŀƭƤǒǘƤǊƳŀǎƤƴŀ ½ŀƳŀƴƤ 

¶ Kuyruk 

¶ TǒƭŜƴƳŜƪ «ȊŜǊŜ YǳȅǊǳƪǘŀ .ŜƪƭŜƳŜ {ǸǊŜǎƛ 

¶ Transmisyon 

¶ "Bit Ortamdan Gönderme Süresi" 

¶ ¸ŀȅƤƭƳŀ 

 

¸ŀȅƤƭƤƳ ǾŜ TƭŜǘƛƳ ƎŜŎƛƪƳŜǎƛ 

Propagation speed - speed at which a bit travels though the medium from source to 

destination. 

Transmission speed - the speed at which all the bits in a message arrive at the destination. 

(difference in arrival time of first and last bit) 

Propagation Delay = Distance/Propagation speed 

Transmission Delay = Message size/bandwidth bps 

Latency = Propagation delay + Transmission delay + Queueing time + Processing time 

 

 

1.5. Örnekleme 
Sampling continuous -time sinusoid and aliasing  

If two sequences 1 1 1( ) cos( )x n A nw a= + and 2 2 2( ) cos( )x n A nw a= + have frequencies and 

phases related by, 

  2 1 2 12 ,kw w p a a= + = or,        2 1 2 12 ,kw w p a a=- + =- 

with k an integer, then the two sinusoidal sequences have the same samples, i.e. 1 2( ) ( )x n x n= . This 

is illustrated in Figure below.  

 

Here, 1w , 1 2w p+ , 1w- and 1 2w p- +

represents the same signal in the time 

domain. If we limit the digital frequencyw

within the interval  to p p- then there is one 

to one correspondence between the signals 

and their frequency representation. For each 

frequency in the interval  to p p- the 

corresponding aliases are all outside the 

interval  to p p- itself.  

Now, the range of unique digital frequencies, 

 p w p- ¢ ¢  Tp pÝ - ¢W ¢ 



 Or, / /T Tp p- ¢W¢ or, s sF Fp p- ¢W¢  

  Or,      
2 2

s sW W
- ¢W¢ 

This implies that the highest frequency of an analog signal must be less than half the sampling 

frequency to avoid aliasing. 

 

 

Example:  

Consider the analog signal ( ) 3cos2000 5sin6000 10cos12000ax t t t tp p p= + + . What is the 

Nyquist rate for this signal? If the sampling rate is 5000 samples/sec what is the discrete-time signal 

obtained after sampling? What is the analog signal ( )ay t we can reconstruct from the samples if we 

use ideal interpolation? 

------------------------- 

Nyquist rate is the minimum sampling frequency to avoid aliasing. This is double the maximum 

frequency of input signal. 

Here, 1 2 31000 Hz, 3000 Hz and 6000 Hz.F F F= = =  

Thus,     Nyquist rate, 12000 HzNF = . 

        
2000 6000 12000

( ) ( ) 3cos 5sin 10cos
5000 5000 5000

a sx n x nT n n n
p p p

= = + +

2 6 12
3cos 5sin 10cos

5 5 5
n n n
p p p

= + +  

Or,   
2 4 2

( ) 3cos 5sin(2 ) 10cos(2 )
5 5 5

x n n n n
p p p

p p= + - + +

2 4 2
3cos 5sin 10cos

5 5 5
n n n
p p p

= - +  

Or,   
2 4

( ) 13cos 5sin
5 5

x n n n
p p

= - .    1 2

1 2
,

5 5
f f\ = = 

For perfect reconstruction, 1 1

1
5000 Hz=1000 Hz

5
sF f F= Ö = Ö , and 

2 2

2
5000 Hz=2000 Hz

5
sF f F\ = Ö = Ö . 

Thus, ( ) 13cos2000 5sin4000ay t t tp p= - . 

Note that, 1F is less than 2500 Hz. So no aliasing will occur. 2F is greater than 2500 Hz by 500 Hz. So 

this frequency will appear as a lower frequency of (2500 - 500)=2000 Hz. Alternately, (3000-5000)= - 

2000 Hz. The third frequency will change to (6000 - 5000) = 1000 Hz. 

 

 

 

 

 



Quantization and Encoding  

Quantization is a process that converts data from infinite or high precision to finite or lower 

precision. The error introduced in representating the continuous-valued signal by a finite set of 

discrete value levels is called quantization error and is denoted by ( )e n . 

     
Ĕ( ) [ ( )]

Ĕ( ) ( ) ( )

x n Q x n

e n x n x n

=ë
ì

= -í
 

The distance Dbetween two successive quantization levels is called quantization step size or 

resolution. 

 

The quantizer has (L+1) decision levels 1 2 1, , , Lx x x+  that divide the amplitude range for ( )x n into L 

intervals. 

     

 
 

For an input ( )x n that falls in the interval kI , the quantizer assigns a value within the interval Ĕ( )x k

to ( )x n . This process is shown in Figure above.  

1k kx x+D= -. 

The number of levels in a quantizer is generally of the form, 
12BL +=  for a B+1 bit binary code word.  

 

 

A 3-bit uniform quantizer in which the quantizer output is rounded to the nearest quantization level 

is shown in Figure below. 

 



With L quantization levels, the range of the quantizer is, 
12BR += ÖD. If the quantizer input is 

bounded, 
max( )x n X¢ . 

 

5ŀǊōŜ ƪƻŘ ƳƻŘǸƭŀǎȅƻƴǳ όt/aύΣ t/aΩŘŜΣ ŘŀǊōŜƭŜǊ ǎŀōƛǘ ǳȊǳƴƭǳƪǘŀ ǾŜ ǎŀōƛǘ ƎŜƴƭƛƪǘŜŘƛǊΦ 

t/a ƛƪƛƭƛ ōƛǊ ǎƛǎǘŜƳŘƛǊΤ ǀƴŎŜŘŜƴ ōŜƭƛǊƭŜƴƳƛǒ ōƛǊ ȊŀƳŀƴ ōǀƭƳŜǎƛ ƛœƛƴŘŜ ōƛǊ ŘŀǊōŜƴƛƴ 

ōǳƭǳƴƳŀǎƤ ȅŀ Řŀ ōǳƭǳƴƳŀƳŀǎƤΣ м ȅŀ Řŀ л ƳŀƴǘƤƪ ŘǳǊǳƳǳƴǳ ƎǀǎǘŜǊƛǊΦ t²aΣ tta ǾŜ 

t!aΩŘŀΣ ǘŜƪ ōƛǊ ƛƪƛƭƛ ǎŀȅƤȅƤ όōƛǘύ ƎǀǎǘŜǊƳŜȊΦ 

 

!ƭƳŀ ǳŎǳƴŘŀΣ ǎŀȅƤǎŀƭ κ ŀƴŀƭƻƎ ŘǀƴǸǒǘǸǊǸŎǸ ό5!/ύΣ ǎŜǊƛ ƛƪƛƭƛ ǾŜǊƛ ŀƪƤǒƤƴƤ œƻƪ ŘǸȊŜȅƭƛ ōƛǊ 

t!a ǎƛƴȅŀƭŜ ŘǀƴǸǒǘǸǊǸǊΦ mǊƴŜƪƭŜƳŜ ǾŜ ǘǳǘƳŀ devresi ile alçak geçiren filtre, PAM 

ǎƛƴȅŀƭƛ ǘŜƪǊŀǊ ōŀǒƭŀƴƎƤœǘŀƪƛ ŀƴŀƭƻƎ ōƛœƛƳƛƴŜ ŘǀƴǸǒǘǸǊǸǊΦ t/a ƪƻŘƭŀƳŀȅƤ ǾŜ ƪƻŘ 

œǀȊƳŜȅƛ ƎŜǊœŜƪƭŜǒǘƛǊŜƴ ŜƴǘŜƎǊŜ ŘŜǾǊŜȅŜ ƪƻŘŜƪ όƪƻŘƭŀȅƤŎƤ κ ƪƻŘ œǀȊǸŎǸύ ŘŜƴƛǊΦ  

 

5ŀǊōŜ ƳƻŘǸƭŀǎȅƻƴǳƴŘŀΣ ŀƴŀƭƻƎ ŜƴŦƻǊƳŀǎȅƻƴǳƴ ŀȅǊƤƪ ȊŀƳŀƴŘŀ ƛƭŜǘƛǒƛƳƛ ǎǀȊ 

ƪƻƴǳǎǳŘǳǊΦ t!aΣ t²a ǾŜ tta ƳƻŘǸƭŀǎȅƻƴƭŀǊƤȅƭŀ ŘŀǊōŜƴƛƴ ǎƤǊŀǎƤȅƭŀ ƎŜƴƭƛƐƛƴƛƴΣ 

ƎŜƴƛǒƭƛƐƛƴƛƴ ǾŜ ōƛǊ ǇŜǊƛȅƻǘ ƛœƛƴŘŜƪƛ ǇƻȊƛǎȅƻƴǳƴǳƴ ǎǸǊŜƪƭƛ ƻƭŀǊŀƪ ǘǸƳ ƛǒŀǊŜǘ ŘŜƐŜǊƭŜǊƛ ƛœƛƴ 

ŘŜƐƛǒƛƳƛƴŜ ƛȊƛƴ ǾŜǊƛƭƳŜƪǘŜŘƛǊΦ  

 

Zamanda ŀȅǊƤƪ ŘǳǊǳƳŀ ƎŜǘƛǊƛƭƳƛǒ όǀǊƴŜƪƭŜƴƳƛǒύ ƛǒŀǊŜǘƛƴ ƎŜƴƭƛƐƛƴƛƴ ŘŜ ōŜƭƛǊƭƛ ǎŀȅƤŘŀ 

ŀȅǊƤƪ ǎŜǾƛȅŜƭŜǊŜ ŀȅǊƤƭŀǊŀƪ ƪǳŀƴǘŀƭŀƴƳŀǎƤŘƤǊ όƪǳŀƴǘŀƭŀƳŀΤ ōŜƭƛǊƭƛ ǀǊƴŜƪƭŜƳŜ 

ȊŀƳŀƴƭŀǊƤƴŘŀ ŜƭŘŜ ŜŘƛƭŜƴ ƎŜƴƭƛƪ ƴǳƳǳƴŜƭŜǊƛύΦ mǊƴŜƪƭŜƴƳƛǒ ǎǸǊŜƪƭƛ ƎŜƴƭƛƪƭƛ ƛǒŀǊŜǘƛΣ ōŜƭƛǊƭƛ 

ǎŜǾƛȅŜƭŜǊŜ ƪǳŀƴǘŀƭŀƳŀƪƭŀ ƪŀƭƳŀȅƤǇ ōƛǊ ǀǊƴŜƪ ŀƴƤƴŘŀ Ƙer seviye için bir kod 

ƪǳƭƭŀƴƤƭŀŎŀƪǘƤǊΦ .ǳ ǘǸǊŘŜƴ ƳƻŘǸƭŀǎȅƻƴ ŘŀǊōŜ ƪƻŘ ƳƻŘǸƭŀǎȅƻƴǳ όǇǳƭǎŜ ŎƻŘŜ ƳƻŘǳƭŀǘƤƻƴ 

ς t/aύ ƻƭŀǊŀƪ ŀŘƭŀƴŘƤǊƤƭƤǊΦ t/aΩŘŜ ŜƴŦƻǊƳŀǎȅƻƴ ǘŀǒƤȅŀƴ ȄόǘύΣ ƛǒŀǊŜǘƛ ǀƴŎŜ ǳȅƎǳƴ ōƛǊ 

ǀǊƴŜƪƭŜƳŜ ŦǊŜƪŀƴǎƤ ƛƭŜ ǀǊƴŜƪƭŜƴƛǊΦ 5ŀƘŀ ǎƻƴǊŀ ōǳ ǀǊƴŜƪ ŘŜƐŜǊƭŜǊΣ ōelirli kuantalama 

ǎŜǾƛȅŜƭŜǊƛƴŜ ƪǳŀƴǘŀƭŀƴƤǊΦ .ǳƴŀ ƪǳŀƴǘŀƭŀƳŀ ƛǒƭŜƳƛ ŀŘƤ ǾŜǊƛƭƛǊΦ {ƻƴ ƻƭŀǊŀƪΣ ƘŜǊ ƪǳŀƴǘŀ 

ǎŜǾƛȅŜǎƛ ōƛǊ ƛƪƛƭƛ ƪƻŘ ƪŜƭƛƳŜǎƛ ƛƭŜΣ ȅŀƴƛ ǎƻƴƭǳ ǎŀȅƤŘŀ όлΣмύ ŘƛȊƛǎƛ ƛƭŜ ƎǀǎǘŜǊƛƭƛǊΦ Tƪƛƭƛ ƪƻŘ 

ƪŜƭƛƳŜƭŜǊ ŘƛȊƛǎƛƴŜ ŘǀƴǸǒǘǸǊǸƭŜƴ ōǳ ƛǒŀǊŜǘŜ t/a ŘŀƭƎŀǎƤ ŀŘƤ verilir. PCM sistemi verici 

ōǀƭǸƳǸƴǸƴ ōƭƻƪ ŘƛȅŀƎǊŀƳƤ ƎǀǊǸƭƳŜƪǘŜŘƛǊΦ 

 

 
 

t/aΩŘŜ ǾŜǊƛŎƛ ōǀƭǸƳǸƴ ōƭƻƪ ŘƛȅŀƎǊŀƳƤ 

 

 

 



 

Örnekleme Devresi   

bȅǉǳƛǎǘ ǀǊƴŜƪƭŜƳŜ ǘŜƻǊŜƳƛΣ ōƛǊ t/a ǎƛǎǘŜƳ ƛœƛƴ ƪǳƭƭŀƴƤƭŀōƛƭŜŎŜƪ ƳƛƴƛƳǳƳ ǀǊƴŜƪƭŜƳŜ ƘƤȊƤƴƤ 

όŦǎύ ōŜƭƛǊƭŜǊΦ .ƛǊ ǀǊƴŜƪƭŜƳŜƴƛƴ ŀƭƤŎƤŘŀ ŘƻƐǊǳ ƻƭŀǊŀƪ ǘŜƪǊŀǊ ƻƭǳǒǘǳǊǳƭŀōƛƭƳŜǎƛ ƛœƛƴΣ ŀƴŀƭƻƎ ƎƛǊƛǒ 

ǎƛƴȅŀƭƛƴƛƴ όŦŀύ ƘŜǊ œŜǾǊƛƳƛ Ŝƴ ŀȊ ƛƪƛ ƪŜȊ ǀǊƴŜƪƭŜƴƳŜƭƛŘƛǊΦ 5ƻƭŀȅƤǎƤȅƭŀ, minimum örnekleme 

ƘƤȊƤΣ Ŝƴ ȅǸƪǎŜƪ ǎŜǎ ƎƛǊƛǒ ŦǊŜƪŀƴǎƤƴƤƴ ƛƪƛ ƪŀǘƤƴŀ ŜǒƛǘǘƛǊΦ ŦǎΣ ŦŀΩƴƤƴ ƛƪƛ ƪŀǘƤƴŘŀƴ ŘŀƘŀ ƪǸœǸƪǎŜΣ 

ōƻȊǳƭƳŀ ƳŜȅŘŀƴŀ ƎŜƭƛǊΦ .ǳ ōƻȊǳƭƳŀȅŀ ƪŀǘƭŀƳŀ ōƻȊǳƭƳŀǎƤ ŘŜƴƛǊΦ aƛƴƛƳǳƳ bȅǉǳƛǎǘ 

ǀǊƴŜƪƭŜƳŜ ƘƤȊƤΣ ƳŀǘŜƳŀǘƛƪǎŜƭ ƻƭŀǊŀƪΣ Ŧǎ ² 2fa  ifade edilir. Burada; fs = Minimum Nyquist 

ǀǊƴŜƪƭŜƳŜ ƘƤȊƤΣ Ŧŀ Ґ mǊƴŜƪƭŜƴŜōƛƭŜŎŜƪ Ŝƴ ȅǸƪǎŜƪ ŦǊŜƪŀƴǎ 

 

YǳŀƴǘŀƭŀƳŀ TǒƭŜƳƛ   

5ŀǊōŜ ƎŜƴƭƛƪ ƳƻŘǸƭŀǎȅƻƴǳƴŘŀΣ ǀǊƴŜƪƭŜƴƳƛǒ ŘŜƐŜǊƭŜǊ ōŜƭƛǊƭƛ ƪǳŀƴǘŀƭŀƳŀ ǎŜǾƛȅŜƭŜǊƛƴŜ 

ȅǳǾŀǊƭŀǘƤƭƳŀŘŀƴ ƛƭŜǘƛƭƳŜƪǘŜŘƛǊΦ !ƴŎŀƪΣ ōǳ ƛǒƭŜƳ ƛǒŀǊŜǘƛƴ ƎǸǊǸƭǘǸȅŜ ƻƭŀƴ ōŀƐƤǒƤƪƭƤƐƤ ŀœƤǎƤƴŘŀƴ 

ōƛǊ ȅŀǊŀǊ ǎŀƐƭŀƳŀȅŀŎŀƪǘƤǊΦ .ǳƴǳƴ ȅŜǊƛƴŜΣ ƛǒŀǊŜǘ ƎŜƴƭƛƐƛƴƛ ōŜƭƛǊƭƛ ƪǳŀƴǘŀ ǎŜǾƛȅŜƭŜǊƛƴŜ 

yuvarlatmak ve her kuanta seviyesi için, uygun bir kod kelimesi kullanmak daha uygun 

ƻƭƳŀƪǘŀŘƤǊΦ Ȅόǘύ ƛǒŀǊŜǘƛƴƛƴ ƳŀƪǎƛƳǳƳ ǾŜ ƳƛƴƛƳǳƳ ƎŜƴƭƛƪƭŜǊƛ !max ile - Amax ŀǊŀǎƤƴŘŀ 

ŘŜƐƛǒƛȅƻǊǎŀ ǾŜ ōǳ ŀǊŀƭƤƪǘŀ ŘŜƐƛǒŜƴ ƎŜƴƭƛƪ ŘŜƐŜǊƭŜǊƛ v Ґ нƴ ŀŘŜǘ Ŝǒƛǘ ƪǳŀƴǘŀ ǎŜǾƛȅŜǎƛƴŜ 

ōǀƭǸƴƳŜƪ ƛǎǘŜƴƛȅƻǊǎŀ ƪǳŀƴǘŀƭŀƳŀ ŀǊŀƭƤƐƤ ǾŜȅŀ ŀŘƤƳƤΤ 

 

a = 2Amax / 2
n 

ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƴƳŀƪǘŀŘƤǊΦ YǳŀƴǘŀƭŀƳŀ ƛǒƭŜƳƛƴŘŜ ǀǊƴŜƪ ŘŜƐŜǊƭŜǊƛƴ ōǳƭǳƴŘǳƐǳ ŘƛƭƛƳ ōŜƭƛǊƭŜƴƛǊΦ  

 

 

 

 

 

 

 

4Ŝǒƛǘƭƛ ƛǒŀǊŜǘ ƎŜƴƭƛƪƭŜǊƛƴŜ ƪŀǊǒƤƭƤƪ ƎŜƭŜƴ ƪǳŀƴǘŀ ǎŜǾƛȅŜƭŜǊƛ ǾŜ ƪƻŘ ƪŜƭƛƳŜƭŜǊƛ 

 

 
 

Kuanta seviyeleri 



 

YǳŀƴǘŀƭŀƳŀ ŘƛƭƛƳ ǎŀȅƤǎƤ v ŀǊǘǘƤƪœŀΣ ƪǳŀƴǘŀƭŀƳŀ ƎǸǊǸƭǘǸǎǸ ŘŜ ŀȊŀƭŀŎŀƪǘƤǊΦ .ǳƴŀ ƪŀǊǒƤƭƤƪ ōƛǊ 

ǀǊƴŜƐƛ ōŜƭƛǊƭŜƳŜƪ ƛœƛƴ ƪǳƭƭŀƴƤƭƳŀǎƤ ƎŜǊŜƪƭƛ ōƛǘ ǎŀȅƤǎƤ Řŀ ŀǊǘŀŎŀƪǘƤǊΦ  

 

t/a ǎƛǎǘŜƳƛƴŘŜƪƛ ƪǳŀƴǘŀƭŀƳŀ ƘŀǘŀǎƤΣ ƪǳǾǾŜǘƭƛ ƛǒŀǊŜǘƭŜǊŘŜ ƛƘƳŀƭ ŜŘƛƭŜōƛƭŜŎŜƪ ƪŀŘŀǊ ƪǸœǸƪ 

olmasƤƴŀ ǊŀƐƳŜƴΣ ȊŀȅƤŦ ƛǒŀǊŜǘƭŜǊŘŜ ƪǳŀƴǘŀƭŀƳŀ ǎŜǾƛȅŜǎƛ ƴŜ ƻƭǳǊǎŀ ƻƭǎǳƴ ǀƴŜƳƭƛŘƛǊΦ .ǳ ƘŀǘŀȅƤ 

ǀƴƭŜƳŜƪ ŀƳŀŎƤ ƛƭŜ ǾŜǊƛŎƛ ǘŀǊŀŦǘŀΤ ǎƤƪƤǒǘƤǊƳŀ ǾŜ ŀƭƤŎƤ ǘŀǊŀŦǘŀΤ ƎŜƴƛǒƭŜǘƳŜ ƛǒƭŜƳƭŜǊƛ 

ȅŀǇƤƭƳŀƪǘŀŘƤǊΦ {ƤƪƤǒǘƤǊƳŀ ƛǒƭŜƳƛ ƛƭŜ ōǸȅǸƪ ƎŜƴƭƛƪƭŜǊ ȊŀȅƤŦƭŀǘƤƭŀǊŀƪ ƪǸœǸƪ ƎŜƴƭƛƪƭŜǊƛƴ seviyesine 

ŘǸǒǸǊǸƭǸǊΦ .ǳ ǘŜƪƴƛƪ t/a ǾŜ ŘŜƭǘŀ ƳƻŘǸƭŀǎȅƻƴ ǘŜƪƴƛƪƭŜǊƛƴƛƴ ǘŜƳŜƭƛƴƛ ƻƭǳǒǘǳǊǳǊΦ  

 

Lineer Kuantalama 

 

 
 

 5ǸȊƎǸƴ ƪǳŀƴǘŀƭŀƳŀ ŜƐǊƛǎƛ  

 

 

 

 

 

Lineer Olmayan Kuantalama 

{Ŝǎ ƛǒŀǊŜǘƭŜǊƛƴƛƴ ƛǎǘŀǘƛǎǘƛƪƭŜǊƛ ƛƴŎŜƭŜƴŘƛƐƛƴŘŜΣ ƪǸœǸƪ ƎŜƴƭƛƪƭŜǊŜ ŘŀƘŀ ǎƤƪ ǊŀǎǘƭŀƴƤƭŘƤƐƤ 

ƎǀǊǸƭƳŜƪǘŜŘƛǊΦ hȅǎŀΣ ȅǳƪŀǊƤŘŀ ƪǸœǸƪ ƛǒŀǊŜǘƭŜǊŘŜ ƪǳŀƴǘŀƭŀƳŀ ƎǸǊǸƭǘǸǎǸƴǸƴ ǊŀƘŀǘǎƤȊ ŜŘƛŎƛ 

ōƻȅǳǘƭŀǊŘŀ ƻƭŀŎŀƐƤ ƎǀǎǘŜǊƛƭƳƛǒ ōǳƭǳƴǳƭƳŀƪǘŀŘƤǊΦ 

 

.ǳ ƎǸǊǸƭǘǸȅǸ ŀȊŀƭǘƳŀƪ ƛœƛƴ ōŀǒǾǳǊǳƭŀŎŀƪ ƛƭƪ ȅǀƴǘŜƳΣ ŀŘƤƳ ōǸȅǸƪƭǸƐǸƴǸƴ ŀȊŀƭǘƤƭƳŀǎƤ ǾŜȅŀ 

ŘƛƭƛƳ ǎŀȅƤǎƤƴƤƴ ŀǊǘƤǊƤƭƳŀǎƤŘƤǊΦ !ƴŎŀƪΣ ōǳ ŘǳǊǳƳŘŀ ƘŜǊ ōƛǊ ǀǊƴŜƐƛ ƎǀǎǘŜǊƳŜƪ ƛœƛƴ ƪǳƭƭŀƴƤƭƳŀǎƤ 

ƎŜǊŜƪŜƴ ōƛǘ ǎŀȅƤǎƤ ŀǊǘŀŎŀƐƤƴŘŀƴΣ ōǳ ȅǀƴǘŜƳ ƘŜǊ ȊŀƳŀƴ ǳȅƎǳƴ ǾŜ ŜƪƻƴƻƳƛƪ ŘŜƐƛƭŘƛǊΦ 5ƛƐŜǊ 

ǘŀǊŀŦǘŀƴΣ œƻƪ ǎŜȅǊŜƪ ƻƭŀǊŀƪ ƻǊǘŀȅŀ œƤƪŀƴ ȅǸƪǎŜƪ ƎŜƴƭƛƪƭƛ ƛǒŀǊŜǘƭŜǊ ƛœƛƴ ƎŜǊŜƪǎƛȊ ȅŜǊŜ bir miktar 

ŘƛƭƛƳ ŀȅǊƤƭƳƤǒ ƻƭŀŎŀƪǘƤǊΦ 9ƐŜǊ Ŝƴ ōǸȅǸƪ ƎŜƴƭƛƪ ƪǸœǸƪ ǘǳǘǳƭǳǊǎŀΣ ōǳ ŘŜŦŀ Řŀ ƪƤǊǇƤƭƳŀƭŀǊ 

meydana gelecektir. 

 



mǊƴŜƐƛƴΣ ŘƛƴŀƳƛƐƛ ос Ř. ƻƭŀƴ ōƛǊ ǎŜǎ ƛǒŀǊŜǘƛ ŜƭŜ ŀƭƤƴƤǊǎŀΣ Ŝƴ ƪǸœǸƪ ƛǒŀǊŜǘƭŜ ос Ř. ƛǒŀǊŜǘ ƎǸǊǸƭǘǸ 

ƻǊŀƴƤ ŜƭŘŜ ŜǘƳŜƪ ƛœƛƴΣ ƴ Ґ мн ōƛǘƭƛƪ ƪŜƭƛƳŜ ǳȊǳƴƭǳƐǳƴŘŀ ōƛǊ t/a ƪǳƭƭŀƴƳŀƪ ƎŜǊŜƪŜŎŜƪǘƛǊΦ 

.ǀȅƭŜ ōƛǊ ƪǳŀƴǘŀƭŀȅƤŎƤ ŘŀΣ Ŝƴ ƪǸœǸƪ ƛǒŀǊŜǘ ƛœƛƴ ос Ř. ƛǒŀǊŜǘ  ƎǸǊǸƭǘǸ ƻǊŀƴƤ ǎŀƐƭŀƴƤǊƪŜƴΣ Ŝƴ 

ōǸȅǸƪ ƛǒŀǊŜǘ ƛœƛƴ ƎŜǊŜƪǎƛȊ ȅŜǊŜ тн Ř.Ωƭƛƪ ōƛǊ ƛǒŀǊŜǘ ƎǸǊǸƭǘǸ ƻǊŀƴƤ ŜƭŘŜ ŜŘƛƭŜŎŜƪǘƛǊΦ .ǳƴǳƴƭŀ 

ōŜǊŀōŜǊΣ ōǸȅǸƪ ƛǒŀǊŜǘƭŜǊ ƛœƛƴ ōǸȅǸƪ ŀŘƤƳΣ ƪǸœǸƪ ƛǒŀǊŜǘƭŜǊ ƛœƛƴ ŘŜ ƪǸœǸƪ ŀŘƤƳ ƪǳƭƭŀƴƤƭŀǊŀƪΣ 

ƛǒŀǊŜǘ  ƎǸǊǸƭǘǸ ƻǊŀƴƤƴƤƴ ŀȅƴƤ ƻƭƳŀǎƤ ǎŀƐƭŀƴŀōƛƭƛǊΦ .ǳƴǳ ƎŜǊœŜƪƭŜǒǘƛǊŜōƛƭƳŜƪ ƛœƛƴΣ ƘŀōŜǊƭŜǒƳŜ 

ǎƛǎǘŜƳƭŜǊƛƴŘŜ ōƛǊ ǎƤƪƤǒǘƤǊƳŀ όŎƻƳǇǊŜǎǎƛƴƎύ ȅŀǇƤƭƳŀƪǘŀŘƤǊΦ  

 

 

 

In the following image is represented the A law (a-law) graphically 

 

 
 

 

 

 

 

 

 

YƻŘƭŀƳŀ TǒƭŜƳƛ   

mǊƴŜƪƭŜƴƳƛǒ ŀƴŀƭƻƎ ƛǒŀǊŜǘƛ ƪǳŀƴǘŀƭŀŘƤƪǘŀƴ ǎƻƴǊŀΣ ǎŀȅƤǎŀƭ όŘƛƧƛǘŀƭύ ƛǒŀǊŜǘŜ ŘǀƴǸǒǘǸǊƳŜƪ ƛœƛƴ 

ƪƻŘƭŀƴƳŀǎƤ ƎŜǊŜƪƳŜƪǘŜŘƛǊΦ DŜƴŜƭƭƛƪƭŜ ōƛǊ ŀƴŀƭƻƎ ƛǒŀǊŜǘƛ ǎŀȅƤǎŀƭ όŘƛƧƛǘŀƭύ ƛǒŀǊŜǘŜ ŘǀƴǸǒǘǸǊƳŜƪ 

için, ŀƴŀƭƻƎ κ ǎŀȅƤǎŀƭ ŘǀƴǸǒǘǸǊǸŎǸƭŜǊ ό!5/ύ ƪǳƭƭŀƴƤƭƤǊΦ .ǳ ŘǀƴǸǒǘǸǊƳŜ ƛǒƭŜƳƛ ǎƻƴǳŎǳƴŘŀ 

ƪƻŘƭŀƴƳƤǒ ƛǒŀǊŜǘ ŜƭŘŜ ŜŘƛƭƳŜƪǘŜŘƛǊΦ !ƴŎŀƪ ōǳ ƪƻŘƭŀƳŀΣ ŘǸȊƎǸƴ όǳƴƛŦƻǊƳύ ōƛǊ ƪǳŀƴǘŀƭŀƳŀ 

ǎƻƴǳŎǳ ŜƭŘŜ ŜŘƛƭŜƴ ƎŜƴƭƛƪƭŜǊƛƴ ƪƻŘƭŀƴƳŀǎƤ ƻƭǳǇΣ ŘǸȊƎǸƴ ƻƭƳŀȅŀƴ ƪǳŀƴǘŀƭŀƳŀ ǎƻƴǳŎǳ 

bulunan ǀǊƴŜƪƭŜǊƛƴ ƪƻŘƭŀƴƳŀǎƤ ƛœƛƴ ƛƪƛƴŎƛ ōƛǊ ƪƻŘƭŀƳŀ ƛǒƭŜƳƛƴŜ ƛƘǘƛȅŀœ ƻƭŀŎŀƪǘƤǊΦ ¦ȅƎǳƭŀƳŀŘŀ 

ƪǳƭƭŀƴƤƭŀƴ ŀƴŀƭƻƎ κ ǎŀȅƤǎŀƭ ŘǀƴǸǒǘǸǊǸŎǸ ό!5/ύ ǘƛǇƭŜǊƛƴƛ Ǹœ ƎǊǳōŀ ŀȅƤǊƳŀƪ ƳǸƳƪǸƴŘǸǊΦ 

 

ü .ŀǎŀƳŀƪƭƤ ŘǀƴǸǒǘǸǊǸŎǸ 

ü !ǊŘƤǒƤƭ ȅŀƪƭŀǒƤƳƭƤ ŘǀƴǸǒǘǸǊǸŎǸ  

ü tŀǊŀƭŜƭ ŘǀƴǸǒǘǸǊǸŎǸ 



 

5ŜƐƛǒƛƪ ǘŜƪƴƛƪƭŜǊŘŜ œŀƭƤǒŀƴ ōǳ ŀƴŀƭƻƎ κǎŀȅƤǎŀƭ ŘǀƴǸǒǘǸǊǸŎǸƭŜǊƛΣ ǘǸƳ ŘŜǾǊŜƭŜǊ ōƛœƛƳƛƴŘŜ 

piyasada bulmak mümkündür. Bu tip tüm devrelerde genellikle, örnekleme, kuantalama ve 

ƪƻŘƭŀƳŀ ōƛǊƭƛƪǘŜ ƎŜǊœŜƪƭŜǒǘƛǊƛƭƛǊΦ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.6. !ȅǊƤƪ ½ŀƳŀƴƭƤ Sinyaller 
The discrete-time signals are used as basis functions or building blocks lo describe more 

complex signals. A discrete-time signal x ( n ) is a function of an independent variable that is 

an integer. It is graphically represented as in Fig. 2.1. It is important to note that a discrete-

time signal is not defined at instants between two successive samples. 

 

 

 
 

 

Figure :Graphical representation of a discrete-time signal. 

 

In the sequel we will assume that a discrete-time signal is defined for every integer value n 

for -¤ < n < ¤ . By tradition. we refer to x ( n ) as the "nth sample" of the signal even if the 

signal x ( n ) is inherently discrete time (i.e., not obtained by sampling an analog signal). If, 

indeed. x ( n ) was obtained from sampling an analog signal xa(t), then x ( n ) = xa(nT), where 

T is the sampling period (i.e., the time between successive samples). 

Besides the graphical representation of a discrete-time signal or sequence as illustrated in 

Fig. 2.1. there are some alternative representations that are often more convenient to use. 

These are: 

1. Functional representation, such as 

  

   
 

 

 

 

 

 



2. Tabular representation, such as 

 

  
3. Sequence representation 

An infinite-duration signal or sequence with the time origin (n = 0) indicated 

by the symbol f is represented as 

    
A sequence x ( n ) , which is zero for n < 0. can be represented as 

    
A finite-duration sequence can be represented as 

   
Some Elementary Discrete-Time Signals 

In our study of discrete-time signals and systems there are a number of basic signals that 

appear often and play an important role. These signals are defined below. 

1. The unit sample sequence: is denoted as d( n ) and is defined as 

     
Note: Unit Impulse in analog signals 

 
 

 

 

 

 

 

 

 



 

2. The unit step signal is denoted as u(n) and is defined as 

   
3. The unit ramp signal is denoted as ur(in) and is defined as 

 

 
4. The exponential signal is a sequence of the form 

     
If the parameter a is real, then x ( n ) is a real signal. As shown beloow 

for various values of the parameter a. When the parameter a is complex valued. it can be 

expressed as 

     
where r and q are now the parameters. Hence we can express x ( n ) as 

     
 



 

 
Since X( n ) is now complex valued. it can be represented graphically by plotting the real 

part  

     
as a function of n . and separately plotting the imaginary part 

   

                                            
as a function of n. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



!ȅǊƤƪ ȊŀƳŀƴƭƤ ǎƛƴȅŀƭƭŜǊƛƴ ǎƤƴƤŦƭŀƴŘƤǊƤƭƳŀǎƤ 
The mathematical methods employed in the analysis of discrete-time signals and systems 

depend on the characteristics of the signals. We classify 

discrete-time signals according to a number of different characteristics. 

  

Energy signals and power signals. The energy E of a signal x ( n ) is defined as 

    
The energy of a signal can be finite or infinite. If E is finite (i.e., 0 < E < ¤), then x( n ) is called 

an energy. Many signals that possess infinite energy,have a finite average power. The 

average  power of a discrete-time signal x ( n) is defined as 

    
If we define the signal energy of x( n ) over the finite interval -b Җ n Җ N  as 

 

 

    
then we can express the signal energy E as 

   
and the average power of the signal x( n ) as 

    

 
Clearly, if E is finite. P = 0. On the other hand. if E is infinite, the average power P may be 

either finite or infinite. If P is finite (and nonzero), the signal is called a power signal. The 

following example illustrates such a signal. 

Example . 

Determine the power and energy of the unit step sequence. The average power of the unit 

step signal is 



    
Consequently. the unit step sequence is a power signal. Its energy is infinite. 

Similarly, it can be shown that the complex exponential sequence x ( n ) = 

Aejw0n has average power A2. so it is a power signal. On the other hand, the unit ramp 

sequence is neither a power signal nor an energy signal. 

 

Periodic signals and aperiodic signals. A signal x( n ) is periodic with period N ( N > 0) if and 

only if  

      

 
The smallest value of N is called the (fundamental) period. If there is no value of N that 

satisfies equation above, the signal is called nonperiodic or aperiodic. 

We have already observed that the sinusoidal signal of the form 

   
is periodic when ,f0, is a rational number, that is, if f0 can be expressed as 

 
where k and N are integers. 

The energy of a periodic signal x ( n ) over a single period, say. over the interval 0 Җ ƴ Җ b ς 1, 

is finite if x ( n ) takes on finite values over the period. However, the energy of the periodic 

signal for -¤ Җ ƴ Җ ¤ is infinite. On the other hand, the average power of the periodic signal 

is finite and it is equal to the average power over a single period. Thus if x( n ) is a periodic 

signal with fundamental period N and takes on finite values, its power is given by 

    
Consequently, periodic signals are power signals. 

 

 

 

 

 

 



Symmetric (even) and antisymmetric (odd) signals. A real-valued signal 

x( n ) is called symmetric (even) if 

    
 

On the other hand, a signal x(n) is called antisymmetric (odd) if 

   
We note that if x( n ) is odd, then x(O) = 0. Examples of signals with even and odd symmetry 

are illustrated in Fig below. 

We wish to illustrate that any arbitrary signal can be expressed as the sum of two signal 

components. one of which is even and the other odd. The even signal component is formed 

by adding x( n ) to x(-n) and dividing by 2. that is. 

   
 

 

 
 



Similarly, we form an odd signal component xo(n) according to the relation 

  
Now, if we add the two signal components, we obtain x ( n ) , that is, 

 

 

Solved Problems  

 
 

1-Find the even and odd parts of the following signals: 

  
The even part of a signal x(n) is given by 

   
Any arbitrary signal can be expressed as in equation above. 

With x(n) = u(n), we have 

  
which may be written concisely as 

  
 

Therefore, the even part of the unit step is a sequence that has a constant value of 1/2 for 

all n except at n = 0, where it has a value of 1.  

The odd part of a signal x(n) is given by the difference 

  
With x(n) = u(n), this becomes 

 

 
where sgn(n) is the signum function. 

 

 

 

 

 



With x(n) = anu(n), the even part is 

  

 
The odd part, on the other hand, is 

  
Simple Manipulations of Discrete-Time Signals 

We consider some simple modifications or manipulations involving 

the independent variable and the signal amplitude (dependent variable). 

Transformation of the independent variable (time). A signal x ( n ) may 

be shifted in time by replacing the independent variable n by n - k. where k is an integer. If k 

is a positive integer, the time shift results in a delay of the signal by k units of time. If k is a 

negative integer, the time shift results in an advance of the signal by |k| units in time. 

 

Example A signal x ( n ) is graphically illustrated in Fig.a. Show a graphical representation 

of the signals x(n - 3) and x(n + 2). 

 

Solution: The signal x(n -3) is obtained by delaying x ( n ) by three units in time. The result 

is illustrated in b. On the other hand, the signal x(n + 2) is obtained by advancing x(n) by 

two units in time. The result is illustrated in Fig c.  that delay corresponds. Note shifting a 

signal to the right, whereas advance implies shifting the signal to the left on the time axis. 

 
 

 



 

 
 If the signal x(n) is stored on magnetic tape or on a disk or, perhaps, in the memory 

of a computer, it is a relatively simple operation to modify the base by introducing a delay or 

an advance. On the other hand, if the signal is not stored but is being generated by some 

physical phenomenon in real time, it is not possible to advance the signal in time, since such 

an operation involves signal samples that have not yet been generated. Whereas it is always 

possible to insert a delay into signal samples that have already been generated, it is 

physically impossible to view the future signal samples. Consequently, in real-time signal 

processing applications, the operation of advancing the time base of the signal is physically 

unrealizable. 

   

Another useful modification of the time base is to replace the independent 

variable n by -n. The result of this operation is a Folding or a Reflection 0r Flipping or 

Reversal of the signal about the time origin n = 0. 

 

A third modification of the independent variable is Time Scaling. This transformation is 

defined by f (n) = Mn or f (n) = n/ N where M and N are positive integers. In the case of f (n) 

= Mn, the sequence x(Mn) is formed by taking every Mth sample of x(n) (this operation is 

known as down-sampling). With f (n) = n/N the sequence y(n) =x( f (n)) is defined as follows: 

  
 

(this operation is known as up-sampling). 

Examples of shifting, reversing, and time scaling a signal are illustrated in Fig. below. 

 



 
 

 
Illustration of the operations of shifting, reversal, and scaling of the independent variable n. 

Shifting, reversal, and time-scaling operations are order-dependent. Therefore, one needs 

to be careful in evaluating compositions of these operations. For example, Fig. below shows 

two systems, one that consists of a delay followed by a reversal and one that is a reversal 

followed by a delay. As indicated. the outputs of these two systems are not the same. 

 
Example illustrating that the operations of delay and reversal do 

not commute. 

 

 

 

 

 

 



Addition, Multiplication, and Scaling 

The most common types of amplitude transformations are addition, multiplication, and 

scaling. Performing these operations is straightforward and involves only pointwise 

operations on the signal. 

Addition: The sum of two signals 

 

 
is formed by the pointwise addition of the signal values. 

 

Multiplication The multiplication of two signals 

 
is formed by the pointwise product of the signal values. 

Scaling Amplitude scaling of a signal x(n) by a constant c is  accomplished by multiplying 

every signal value by c: 

 
This operation may also be considered to be the product of two signals, x(n) and f (n) = c. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.7. Temel Sinyaller 
 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



5ǸǊǘǸ ǾŜȅŀ 5Ŝƭǘŀ TǒŀǊŜǘƛ 
aŀǘŜƳŀǘƛƪǎŜƭ ŀƴƭŀƳŘŀΣ ŘǸǊǘǸ ƛǒŀǊŜǘƛ ōƛǊ Ŧƻƴƪǎƛȅƻƴ όǾŜȅŀ ƛǒŀǊŜǘύ ŘŜƐƛƭŘƛǊΦ 

 

ᶮὸ‏ὸὨὸᶮπ 

 

 

 

 

 

 
 

 
 

 



5Ŝƭǘŀ 5ƛǊŀŎ ό5ǸǊǘǸύ ƛǒŀǊŜǘƛƴƛƴ ǘŜƳŜƭ ǀȊŜƭƭƛƪƭŜǊƛ 

 

1. Tüm ὸ π ŘŜƐŜǊƭŜǊƛ ƛœƛƴ ‏ὸ π ὺὩ ‏π Њ 

2.  

ὼὸ z‏ὸ ὼὸ 

ὼὸ z‏ὸ ὸ ὼὸ ὸ  

 

3.  

ᶮὸ‏ὸ ὸὨὸᶮὸ  

 

 

 
 

 

 



 
 

 

 

 
 

 

 

 

 
 



 
 

 
 

 

 



Soru:  

Verilen dikdörtgen sinyalinin matemamtiksel  gösterimi hangisidir? 

 

 
Explanation: The given rectangular pulse is of amplitude 2A for the time interval ςt/2 to t/2 

and zero otherwise. 

 

8. Y (t) = x (2t) is ________ 

a) Compressed signal 

b) Expanded signal 

c) Shifted signal 

d) Amplitude scaled signal by a factor of 2 

Explanation: By comparing the given equation with y (t) = x (at) we get a=2. If a>1 then it is 

compressed version of x (t). Answer: a 

 

9. Y (t) = x (t/5) is _______ 

a) Compressed signal 

b) Expanded signal 

c) Time shifted signal 

d) Amplitude scaled signal by factor 1/5 

Explanation: y (t) = x (at), comparing this with the given expression we get a = 1/5. If 0<a<1 then it is 

expanded (stretched) version of x (t). Answer: b 

 

1. The general form of real exponential signal is________ 

a) X (t) = beat 

b) X (t) = (b+1)eat 

c) X (t) = b (at) 

d) X (t) = be (a+1)t 

Explanation: X (t) = beat is the most general way of representing the exponential signals where both 

b and a are real parameters. Answer: a 

 

2. In the equation x (t) = beat if a < 0, then it is called ______ 

a) Growing exponential 

b) Decaying exponential 

c) Complex exponential 

d) Both Growing and Decaying exponential 

View Answer 

 

 



1.8. Temel Sinyallerin Matematiksel Modellenmesi 
 

The elementary functions (of x) include: 

¶ /ƻƴǎǘŀƴǘ ŦǳƴŎǘƛƻƴǎΥ нΣŜΣˉ 

¶ Powers of x, x2, x3 

¶ Roots of   x, Ѝὼ 

¶ Exponential functions: ex 

¶ Logarithms: log(x) 

¶ Trigonometric functions: sin(x), cos(x), tan(x) 

¶ Inverse trigonometric functions: arcsin(x), arccos(x), arctan(x) 

¶ Hyperbolic functions: sinh(x), cosh(x), tanh(x) 

¶ Inverse hyperbolic functions:   arcsinh(x), arccosh(x),arc tanh(x) 

 

All functions obtained by adding, subtracting, multiplying or dividing any of the previous 

functions. All functions obtained by composing previously listed functions. Some elementary 

functions, such as roots, logarithms, or inverse trigonometric functions, are not entire 

functions and may be multivalued. 

 

 

 

YƤȅŀǎƭŀƳŀ ȅŀǇƤƭƤǊƪŜƴ ŀǒŀƐƤŘŀƪƛ ƛǒƭŜƳƭŜǊ ƎǀȊ ǀƴǸƴŜ ŀƭƤƴƤǊΥ 

¶ !ǊƛǘƳŜǘƛƪ TǒƭŜƳƭŜǊΥ ҌΣ -, *, / 

¶ TƴǘŜƎǊŀƭΣ ¢ǸǊŜǾΣ [ƛƳƛǘ 

¶ 5ǀƴǸǒǸƳΥ YƻƴǾƻƭƛǎȅƻƴΣ CƻǳǊƛŜǊΣ [ŀǇƭŀŎŜΣ ½ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Soru: 

 

 The given pair x (t) and y (t) is related by _______ 

 
a) Y (t) = d/dt (x (t)) 

b) Y (t) = x (t) + 1 

Ŏύ ¸ όǘύ Ґ ҝȄ (t) .dt 

d) Not related 

View Answer 

Answer: c 

9ȄǇƭŀƴŀǘƛƻƴΥ ¢ƘŜ ƎƛǾŜƴ ǇŀƛǊ Ȅ όǘύ ŀƴŘ ȅ όǘύ ƛǎ ǊŜƭŀǘŜŘ ōȅ ¸ όǘύ Ґ ҝȄ όǘύ ΦŘǘΦ ¢ƘŜ ƛƴǘŜƎǊŀƭ ƻŦ Ȅ όǘύ ƎƛǾŜǎ ǘƘŜ ¸ 

(t). Y (t) = 0 for t > 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.sanfoundry.com/wp-content/uploads/2018/07/signals-systems-interview-questions-answers-freshers-q10.png


Soru:  

!ǒŀƐƤŘŀ ǾŜǊƛƭŜƴ Ȅ όǘύ ǾŜ ȅ όǘύ ǎƛƴȅŀƭƭŜǊƛƴƛƴ ōƛǊōƛǊƭŜǊƛ ƛƭŜ ƛƭǒƪƛǎƛ ƴŜŘƛǊΚ 

όCмόǘύҐŀǘҌō  ǾŜ CнόǘύҐŎ  ƛŦŀŘŜƭŜǊƛƴƛ ƎǀȊ ǀƴǸƴŜ ŀƭƤƴƤȊύ 

a) Her iki sinyalin matematiksel ifadesini bulunuz. 

b) Tƪƛ ǎƛƴȅŀƭƛƴ ōƛǊōƛǊƛ ƛƭŜ ƛƭƛǒƪƛǎƛ ƴŜ ƻƭŀōƛƭƛǊΦ ό¢ǸǊŜǾΣ ƛƴǘŜƎǊŀƭΣ ǘƻǇƭŀƳŀΣ œŀǊǇƳŀΣ ōǀƭƳŜΣ 

œƤƪŀǊƳŀΦΦΦύ 

 

Y (t) = d/dt (x (t)) 

Explanation: The given pair x (t) and y (t) is related by y (t) = d/dt (x (t)). From -2 

to 2 we have Y (t) is zero because differentiation of constant is zero. 

 

 

 

 

 

 

 

 



 
 

 

 
 



 

 
 

Soru:  

 ŜƪƛƭϥŘŜ ƎǀǎǘŜǊƛƭŜƴ ǎƛƴȅŀƭƭŜǊƛ ōƛǊƛƳ ŀŘƤƳ ŦƻƴƪǎƛȅƻƴƭŀǊƤ ŀœƤǎƤƴŘŀƴ ifade edin.  

 

 
 

 

 

 



2. Sistemler  
 

 

.ƛǊ ǎƛǎǘŜƳƛƴ ǀȊŜƭƭƛƪƭŜǊƛ ƻ ǎƛǎǘŜƳƛƴ ŘŀǾǊŀƴƤǒƭŀǊƤ ŀœƤǎƤƴŘŀƴ ōƛȊŜ ǀƴŜƳƭƛ ōƛƭƎƛƭŜǊ ǾŜǊƛǊΦ .ǀȅƭŜŎŜ 

sistemleri daha iyi anlayabilir ve analiz edebiliriz. Bu özellikler, 

1) Deterministik sistemler 

2) Statik ve Dinamik Sistemler 

3) Stokastik sistemler 

4) Sürekli-ȊŀƳŀƴ ǾŜ ŀȅǊƤƪ-zaman sistemler 

5) Analog ve dijital sistemler 

6) Invertible/terslenebilir sistemler 

7) Lineer ve Lineer olmayan sistemler 

8) .ŜƭƭŜƪƭƛ όŘƛƴŀƳƛƪύ ǾŜ ōŜƭƭŜƪǎƛȊ όŀƴƭƤƪΣ ƛƴǎǘŀƴǘŀƴŜƻǳǎύ ǎƛǎǘŜƳƭŜǊ 

9) Causal (nedensel) ve causal olmayan (noncausal) sistemler 

10) Zamandan baƐƤƳǎƤȊ ǾŜ ōŀƐƤƳƭƤ ǎƛǎǘŜƳƭŜǊ 

11) Kontrol Sistemleri: kontrol edilebilir ς Gözlenebilir Sistemler 

12) Stable and Unstable Systems 

 

 

2.1. Bellekli ve Belleksiz Sistemler 
.ƛǊ ǎƛǎǘŜƳƛƴ œƤƪƤǒƤΣ ƎƛǊƛǒƛƴ ǎŀŘŜŎŜ ƻ ŀƴŘŀƪƛ ŘŜƐŜǊƛƴŜ ōŀƐƭƤ ƛǎŜ ōǳ sisteme belleksiz sistem 

denir. .ƛǊ ǎƛǎǘŜƳƛƴ œƤƪƤǒƤΣ ƎƛǊƛǒƛƴ ǀƴŎŜƪƛ ǾŜκǾŜȅŀ ǎƻƴǊŀƪƛ ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤ ƛǎŜ ōǳ ǎƛǎǘŜƳŜ 

ōŜƭƭŜƪƭƛ ǎƛǎǘŜƳ ŘŜƴƛǊΦ DŜŎƛƪƳŜΣ ǀǘŜƭŜƳŜ ǎƛƴȅŀƭƛƴ ƎƛǊƛǒƛ ƛƭŜ ƛƭƎƛƭƛ ƻƭƳŀŘƤƐƤ  ŘǳǊǳƳƭŀǊ ƛœƛƴ ǎƛǎǘŜƳ 

belleksizdir. Çünkü zamanda gecikme ya da ǀǘŜƭŜƳŜ ǎƛƴȅŀƭƛƴ ƎƛǊƛǒƛ ŘŜƐƛƭŘƛǊΦ  

 

Örnek: ÙÔ ÁØ Ô ÂØÔ 

 

¸ǳƪŀǊŘŀ ǾŜǊƛƭŜƴ {ƛǎǘŜƳ œƤƪƤǒ ǎŀƐƭŀƳŀƪ ƛœƛƴ ƎƛǊƛǒƛƴ ǎŀŘŜŎŜ ƻ ŀƴŘŀƪƛ ŘŜƐŜǊƛƴŜ ƛƘǘƛȅŀœ ŘǳȅŀǊΣ ƻ 

ŘŜƐŜǊƛƴ ƪŀǊŜǎƛƴƛ ŀƭƤǊΣ ƎŜǊŜƪƭƛ ƛǒƭŜƳƭŜǊƛ ȅŀǇŀǊŀƪ ōƛȊŜ ǎƻƴǳŎǳ ǎǳƴŀǊΦ {ƛǎǘŜƳƛƴ œƤƪƤǒƤΣ ƎƛǊƛǒƛƴ 

sadece o anŘŀƪƛ ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤ ƻƭŘǳƐǳƴŘŀƴ ǎƛǎǘŜƳ ōŜƭƭŜƪǎƛȊŘƛǊΦ 

 

Örnek: 

όὲ ά‏  

.ǳ ǎƛǎǘŜƳŘŜ œƤƪƤǒƤƴ άƴέ ŀŘƤƳŘŀƪƛ ŘŜƐŜǊƛƴƛ ōǳƭŀōƛƭƳŜƪ  ƛœƛƴ ƎƛǊƛǒƛƴ ƻ ŀƴŀ ƪŀŘŀǊƪƛ ōǸǘǸƴ 

ŘŜƐŜǊƭŜǊƛƴŜ ƛƘǘƛȅŀœ ǾŀǊŘƤǊΦ .ǳ ŘǳǊǳƳŘŀ ǎƛǎǘŜƳƛƴ ōƛǊ ōŜƭƭŜƪ ƛƘǘƛȅŀŎƤ ŘǳȅŘǳƐǳ ŀœƤƪǘƤǊΦ 

 



Örnek: 

ώὸ ὼ ὸ ρ 

.ǳ ǎƛǎǘŜƳƛƴ œƤƪƤǒ ǎƛƴȅŀƭƛ ώ(ὸύΣ ƎƛǊƛǒ ǎƛƴȅŀƭƛ ὼ(ὸύΩƴƛƴ ǎƻƴǊŀƪƛ ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤ ƻƭŀǊŀƪ ŘŜƐƛǒǘƛƐƛ 

için, bu sistem bellekli sistemdir.  

 

 

  

Örnek: ώὸ ρ ὼ ὸ ρ 

.ǳ ǎƛǎǘŜƳƛƴ œƤƪƤǒ ǎƛƴȅŀƭƛ ώ(ὸύΣ ƎƛǊƛǒ ǎƛƴȅŀƭƛ ὼ(ὸύΩƴƛƴ ǎŀŘŜŎŜ ƻ ŀƴƪƛ ŘŜƐŜǊƛƴŜ ōŀƐƭƤ ƻƭŀǊŀƪ 

ŘŜƐƛǒƳŜƪǘŜŘƛǊΦ 5ƻƭŀȅƤǎƤȅƭŀ ǎƛǎǘŜƳ ōŜƭƭŜƪǎƛȊ ōƛǊ ǎƛǎǘŜƳŘƛǊΦ 

 

Örnek: ώ(ὸ) = ὼ(ὸ) + ὧέί(ὸ + †) 

{ƛǎǘŜƳƛƴ œƤƪƤǒƤΣ ǎƛǎǘŜƳƛƴ ƎƛǊƛǒƛƴƛƴ ǎŀŘŜŎŜ ƻ ŀƴƪƛ ŘŜƐŜǊƛƴŜ ōŀƐƭƤ ƻƭŀǊŀƪ ŘŜƐƛǒǘƛƐƛ ƛœƛƴΣ ǎǀȊ ƪƻƴǳǎǳ 

sistem belleksiz sistemdir. Burada kosinüs terimindeki † ƪŀŘŀǊ ƎŜŎƛƪƳŜΣ ƎƛǊƛǒ ǎƛƴȅŀƭƛ ƛƭŜ ƛƭƎƛƭƛ 

ƻƭƳŀŘƤƐƤ ƛœƛƴ ǎƛǎǘŜƳƛƴ ōŜƭƭŜƪ ƪƻƴǘǊƻƭǸƴŘŜ ŘƛƪƪŀǘŜ ŀƭƤƴƳŀƳŀƪǘŀŘƤǊΦ ½ŀƳŀƴŘŀ ƎŜŎƛƪŜƴ ƎƛǊƛǒ 

ǎƛƴȅŀƭƛ ŘŜƐƛƭŘƛǊΦ 

 

 

.ƛǊ ǎƛǎǘŜƳƛƴ œƤƪƤǒƤΣ ƎƛǊƛǒƛƴ ǎŀŘŜŎŜ ƻ ŀƴŘŀƪƛ ŘŜƐŜǊƛƴŜ ōŀƐƭƤ ƛǎŜ ōǳ ǎƛǎǘŜƳŜ ōŜƭƭeksiz sistem 

ŘŜƴƛǊΦ .ƛǊ ǎƛǎǘŜƳƛƴ œƤƪƤǒƤΣ ƎƛǊƛǒƛƴ ǀƴŎŜƪƛ ǾŜκǾŜȅŀ ǎƻƴǊŀƪƛ ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤ ƛǎŜ ōǳ ǎƛǎǘŜƳŜ 

bellekli sistem denir. ZamanƤƴ Ŧƻƴƪǎƛȅƻƴǳ ƻƭƳŀȅŀƴ ŘŜƐƛǒƪŜƴƭŜǊ ǾŜ ǎŀōƛǘƭŜǊ ƎƛǊƛǒ ǎƛƴȅŀƭƛ 

ŘŜƐƛƭŘƛǊΦ 

a) ÙÔ ÁØ Ô ÂØÔ,  Belleksiz 

b) όὲ В  ὲ ,   Belleksiz‏

c) ÙÔ Ø Ô ρ, bellekli 

d) ÙÔ ρ Ø Ô ρ, belleksiz 

e) ώ(ὸ) = ὼ(ὸ) + ὧέί(ὸ + )ɲ , belleksiz, çünkü gŜŎƛƪƳŜΣ ƎƛǊƛǒ ǎƛƴȅŀƭƛ ƛƭŜ ƛƭƎƛƭƛ ƻƭƳŀŘƤƐƤ  

için sistem belleksizdir. 

 

 

Belleksiz sistemlere örnekler: 

άǘέ ƴƛƴ ƘŜǊƘŀƴƎƛ ōƛǊ ŀƴƤƴŘŀ œƤƪƤǒ ŘŜƐŜǊƛΣ ά ǘέ ƴƛƴ ŀȅƴƤ ŀƴŘŀƪƛ ƎƛǊƛǒ ŘŜƐŜǊƛƴŜ ōŀƐƭƤ ƛǎŜ 

sistem belleksizdir.  Bir belleksiz sistem her zaman nedenseldir, tersi, elbette, 

ƘŜǊȊŀƳŀƴ ŘƻƐǊǳ ŘŜƐƛƭŘƛǊΦ 

 

 



{ƛǎǘŜƳ ōŜƭƭŜƐƛ ƛƭŜ ƛƭƎƛƭƛ ƻƭŀǊŀƪΣ ǎƛǎǘŜƳƭŜǊ ŀƴƭƤƪ ǾŜȅŀ ŘƛƴŀƳƛƪ ƻƭŀǊŀƪ ǎƤƴƤŦƭŀƴŘƤǊƤƭƤǊΦ .ƛǊ ǎƛǎǘŜƳΣ ōƛǊ 

ŀƴƭƤƪ ŀƴƤƴŘŀ œƤƪƤǒƤ ǎŀŘŜŎŜ ƻ ŀƴŘŀki ƎƛǊƛǒƛƴ ōƛǊ ŦƻƴƪǎƛȅƻƴǳȅǎŀΣ ŀƴƭƤƪǘƤǊόƘŀŦƤȊŀ ȅƻƪύΦ  

 

CŀǊƪ ŘŜƴƪƭŜƳƛ ƛƭŜ ƪŀǊŀƪǘŜǊƛȊŜ ŜŘƛƭŜƴ ǎƛǎǘŜƳ ȅ όƴύ Ґ нȄ όƴύΣ ƘŀŦƤȊŀǎƤȊ ōƛǊ ǎƛǎǘŜƳŘƛǊΦ .ƛǊ ǀǊƴŜƪΣ 

ȅŀƭƴƤȊŎŀ ŘƛǊŜƴœƭŜǊŘŜƴ ƻƭǳǒŀƴ ōƛǊ ŜƭŜƪǘǊƛƪ ŘŜǾǊŜǎƛŘƛǊΦ 

 

TƴŘǸƪǘǀǊƭŜǊ ǾŜ ƪŀǇŀǎƛǘǀǊƭŜǊ Ǝƛōƛ ŘŜǇƻƭŀƳŀ ŜƭŜƳŀƴƭŀǊƤƴŀ ǎŀƘƛǇ ƘŜǊƘŀƴƎƛ ōƛǊ ǎƛǎǘŜƳ ŘƛƴŀƳƛƪ ōƛǊ 

sistemdir, çünkü böyle bir sistemin ōƛǊ ŀƴƭƤƪ œƤƪƤǒƤΣ ƎƛǊƛǒƛƴ ƎŜœƳƛǒ ŘŜƐŜǊƭŜǊƛƴƛƴ ōƛǊ 

fonksiyonudur.  

 

.ǳ ǘǸǊ ǎƛǎǘŜƳƭŜǊƛƴ ŀȅǊƤƪ ƳƻŘŜƭƛƴŘŜΣ Ȅ όƴ - 1) veya x (n - 2) gibi, uygulanacak bellek birimlerini 

ƎŜǊŜƪǘƛǊŜƴ ǘŜǊƛƳƭŜǊ ƻƭŀŎŀƪǘƤǊΦ 4ƤƪƤǒΣ ȅŀƭƴƤȊŎŀ ǎƤƴƤǊƭƤ ǎŀȅƤŘŀ ƎŜœƳƛǒ ƎƛǊƛǒ ǀǊƴŜƐƛƴŜ ōŀƐƭƤȅǎŀΣ ōǳƴŀ 

sonlu bellek sistemi denir.  

 

 

mǊƴŜƐƛƴΣ ȅ όƴύ Ґ Ȅ όƴ - 1) + x (n - 2) bir sistemin iki bellek birimine sahip olan fark denklemidir. 

Kapasitif veya endüktif elementli sistemler sonsuz bellek sistemleridirΣ œǸƴƪǸ œƤƪǘƤƭŀǊƤ ƎƛǊƛǒƛƴ 

ǘǸƳ ƎŜœƳƛǒƛƴƛƴ ōƛǊ ƛǒƭŜǾƛŘƛǊΦ !ƴƭƤƪ ǎƛǎǘŜƳƭŜǊΣ ǎƤŦƤǊ ōŜƭƭŜƐŜ ǎŀƘƛǇ ǀȊŜƭ ōƛǊ ŘƛƴŀƳƛƪ ǎƛstem 

durumudur. 

 

 

2.2. Nedensellik (Causality)  
{ƛǎǘŜƳƛƴ ƘŜǊƘŀƴƎƛ ōƛǊ ȊŀƳŀƴŘŀƪƛ œƤƪǘƤǎƤΣ  

¶ Mevcut zamandaki ƎƛǊŘƛ ŘŜƐŜǊƭŜǊƛƴŜ ǾŜȅŀ 

¶ DŜœƳƛǒǘŜ girdi ŘŜƐŜǊƭŜǊƛƴŜ veya 

¶ Mevcut ȊŀƳŀƴƭŀ ōƛǊƭƛƪǘŜ ƎŜœƳƛǒǘŜƪƛ ƎƛǊŘƛ ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤȅǎŀΣ ōǳ ǎƛǎǘŜƳ ƴŜŘŜƴǎŜƭŘƛǊΦ 

 

5ƛƐŜǊ ōƛǊ ŀƴƭŀǘƤƳƭŀ ŜƐŜǊ ōƛǊ ǎƛǎǘŜƳƛƴ œƤƪƤǒƤΣ ǒǳ ŀƴƪƛ ƎƛǊƛǒƛ ŘŃƘƛƭ ƻƭƳŀƪ ǸȊŜǊŜ ǀƴŎŜƪƛ 

ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤ ƛǎŜ ǎƛǎǘŜƳŜ ƴŜŘŜƴǎŜƭ όŎŀǳǎŀƭύ ǎƛǎǘŜƳ ŘŜƴƛǊΦ ¢ǸƳ ƎŜǊœŜƪ ȊŀƳŀƴƭƤ ŦƛȊƛƪǎŜƭ 

sistemler nedenseldir; çünkü zaman sadece ileriye akar.   

 

 
 



 
Nedensel ǎƛƴȅŀƭƭŜǊŜ ǀǊƴŜƪ ƻƭŀǊŀƪ ǒǳƴƭŀǊƤ ǾŜǊŜōƛƭƛǊƛȊΥ 

 

{ƛǎǘŜƳƛƴ ƘŜǊƘŀƴƎƛ ōƛǊ ȊŀƳŀƴŘŀƪƛ œƤƪǘƤǎƤΣ ǎŀŘŜŎŜ ƳŜǾŎǳǘ ȊŀƳŀƴŘŀ ǾŜȅŀ ƎŜœƳƛǒǘŜ ƎƛǊŘƛ 

ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤȅǎŀΣ ōǳ ǎƛǎǘŜƳ ƴŜŘŜƴǎŜƭŘƛǊΦ 5ƛƐŜǊ ōƛǊ ŀƴƭŀǘƤƳƭŀ ŜƐŜǊ ōƛǊ ǎƛǎǘŜƳƛƴ œƤƪƤǒƤΣ ǒǳ 

ŀƴƪƛ ƎƛǊƛǒƛ ŘŃƘƛƭ ƻƭƳŀƪ ǸȊŜǊŜ ǀƴŎŜƪƛ ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤ ƛǎŜ ǎƛǎǘŜƳŜ ƴŜŘŜƴǎŜƭ όŎŀǳǎŀƭύ ǎƛǎǘŜƳ 

ŘŜƴƛǊΦ ¢ǸƳ ƎŜǊœŜƪ ȊŀƳŀƴƭƤ ŦƛȊƛƪǎŜƭ ǎƛǎǘŜƳƭŜǊ ƴŜŘŜƴǎŜƭŘƛǊΤ œǸƴƪǸ ȊŀƳŀƴ ǎŀŘŜŎŜ ƛƭŜǊƛȅŜ ŀƪŀǊΦ  

¢ǸƳ ōŜƭƭŜƪǎƛȊ ǎƛǎǘŜƳƭŜǊ ƴŜŘŜƴǎŜƭŘƛǊΦ YŀȅƤǘƭƤ ǾŜǊƛƭŜǊ ǸȊŜǊƛƴŘŜ ƛǒƭŜƳ ȅŀǇƳŀƳƤȊ ŘǳǊǳƳǳƴŘŀΣ 

nedensellik de gerekli olmayabilir. 

a) y(t)=x(t-3)-x(t)/3, nedensel 

b) ώὲ ὲ ὼὲ, nedensel 

c) ώὸ Ὡ  , nedensel 

d) ȅόǘύ Ґ Ȅόǘ Ҍмύ Σ ƴŜŘŜƴǎŜƭ ŘŜƐƛƭ 

 

Örnek: 

y(t)=x(t-3)-x(t)/3 

ȅόǘύΣ ȄόǘύΩƴƛƴ ǒǳ ŀƴƪƛ ǾŜ άǘ-оέ ŀƴƤƴŘŀƪƛ ŘŜƐŜǊƛƴŜ ōŀƐƭƤ ƻƭŘǳƐǳ ƛœƛƴ ƴŜŘŜƴǎŜƭŘƛǊΦ 

 

Örnek: 

ώὲ ὲ ὼὲ 

ώὲ Σ ǒǳ ŀƴƪƛ ƴ  ǾŜ Ȅόƴύ ŘŜƐŜǊƛƴŜ ōŀƐƭƤŘƤǊΦ  bŜŘŜƴǎŜƭΦ  

  

 

Örnek: 

ώὸ Ὡ  , nedensel sistemdir. 

 

Örnek: 

y(t) = x(t +1) Nedensel olmayan sistemdir. 

 



Örnek: 

ώὲ ὼὲ  ὲ ὼὲ ρΣ ǒǳ ŀƴƪƛ ǾŜ ƎŜƭŜŎŜƪǘŜƪƛ ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤŘƤǊΤ ƴŜŘŜƴǎŜƭ ŘŜƐil. 

 

Örnek: 

Ὤὸ Ὡ όὸΣ ǒǳ ŀƴƪƛ ŘŜƐŜǊƭŜǊŜ ōŀƐƭƤ ƴŜŘŜƴǎŜƭŘƛǊΦ 

 

 

Örnek: 

ὼὸ
ὃὧέίς“Ὢὸ ᶮ             ὸ π
π                                           ὸ π

 

 

 

 
 

Örnek: y(n) ς 1/4y(n-1)-3/8y(n-2) = -x(n) + 2x(n-1), sistem nedenseldir. 

Örnek: y(t) = ȄόǘҍнύҌȄόнҍǘύΣ ǎƛǎǘŜƳ ƴŜŘŜƴǎŜƭŘƛǊΦ 

Örnek: y(t) = dx(t)/dt, Sistem nedenseldir. 

mǊƴŜƪΥ ȅόǘύ Ґ ȄόǘκоύΣ ǎƛǎǘŜƳ ƴŜŘŜƴǎŜƭ ŘŜƐƛƭŘƛǊΦ 4ǸƴƪǸΣ ǘҐ-о ŀƭƤƴŘƤƐƤƴŘŀΣ ȅό-3)=x(-1);  -1 

ŘŜƐŜǊƛ -о ŘŜƐŜǊƛƴŜ ƎǀǊŜ ƎŜƭŜŎŜƪǘƛǊΦ 

Örnek: y(t)=cos(x(t)), nedenseldir. 

 

Nedensel sistemlere örnekler: 

 
 

Nedensel olmayan sistemlere örnekler: 

 



 
 

 

 

 

 

 

 

 

 

 

 

2.3. YŀǊŀǊƭƤƭƤƪ ό {ǘŀōƛƭƛǘȅύ  
 

 

{ƤƴƤǊƭƤ ƎƛǊƛǒŜ {ƤƴƤǊƭƤ 4ƤƪƤǒ ό.L.hύ ǀȊŜƭƭƛƐiƴŜ ǎŀƘƛǇ ƻƭŀōƛƭƳŜǎƛ ƛœƛƴ μȄόǘύμҖ.Ȅғқ ƎƛǊƛǒƛ 

ǳȅƎǳƭŀƴŘƤƐƤƴŘŀ œƤƪƤǒΣμȅόǘύҖ.Ȅғқ ƻƭƳŀƭƤŘƤǊ. 

 

Stabilite için birkaç ǘŀƴƤƳ ǾŀǊΦ .ǳǊŀŘŀ ǎƤƴƤǊƭƤ ƎƛǊƛǒ ōŀƐƭŀƴǘƤƭƤ œƤƪƤǒ ό.ƻǳƴŘŜŘ ƛƴǇǳǘ ōƻƴŘŜŘ 

output - .L.hύ ƪŀǊŀǊƭƤƭƤƐƤƴƤ ŘƛƪƪŀǘŜ ŀƭŀŎŀƐƤȊΦ IŜǊ ǎƤƴƤǊƭŀƴƳƤǒ ƎƛǊƛǒ ǎƤƴƤǊƭƤ ōƛǊ œƤƪƤǒ ǸǊŜǘƛȅƻǊǎŀΣ ōƛǊ 

ǎƛǎǘŜƳ .L.h ƪŀǊŀǊƭƤ ƻƭŀǊŀƪ ǎǀȅƭŜƴƛǊΦ 

 

9ƐŜǊ ǘǸƳ άƴέ ŘŜƐŜǊƭŜǊƛ ƛœƛƴ      ȿὼὲȿ ὓ Њ    ƪƻǒǳƭǳ ǎŀƐƭŀƴƤȅƻǊǎŀ ὼὲ ǎƤƴƤǊƭƤŘƤǊΦ 

 

Örnek:  

!ǒŀƐƤŘŀƪƛ Ŝǒƛǘƭƛƪ ƛƭŜ ǘŀƴƤƳƭƤ ƻǊǘŀƭŀƳŀ ŀƭŀƴ ōƛǊ ǎƛǎǘŜƳ ƪŀǊŀǊƭƤŘƤǊΣ 4ǸƴƪǸ ǎƤƴƤǊƭƤ ǎŀȅƤŘŀƪƛ 

ŘŜƐŜǊƭŜǊƛƴ ǘƻǇƭŀƳƤ ǎƤƴƤǊƭƤŘƤǊΦ 

 

ώὲ
ρ

ςὔ ρ
ὼὲ 

 

Örnek: 



 
 

 

Örnek: 

 

 
a) Sistem nedenseldir.  

b) {ƛǎǘŜƳ ƪŀǊŀǊƭƤŘƤǊΣ œǸƴƪǸ ὸO ЊᴼὬ ὸᴼπ 

 

 

 

 

2.4. Tersine Çevrilebilir 
 

.ƛǊ ǎƛǎǘŜƳ ōƛǊƪŀœ ƎƛǊƛǒ ƛœƛƴ ŀȅƴƤ œƤƪƤǒƭŀǊŀ ǎŀƘƛǇǎŜΣ ŘƻƐǊǳ ƎƛǊƛǒƛ ōǳƭƳŀƪ ƛƳƪŀƴǎƤȊŘƤǊΦ .ǳ ƴŜŘŜƴƭŜΣ 

ōƛǊ ǎƛǎǘŜƳ ŦŀǊƪƭƤ ƎƛǊŘƛƭŜǊŜ ŦŀǊƪƭƤ œƤƪǘƤƭŀǊ ǾŜǊƛǊǎŜ ǘŜǊǎƛƴŜ œŜǾǊƛƭŜōƛƭƛǊΦ .ƛǊœƻƪ ƎƛǊƛǒ ƛœƛƴ ŀȅƴƤ œƤƪƤǒ 

verirse ters çevrilemez. Hangisi ters çevrilemez bir sistemdir? y[n] = 0 

 

 

 

2.5. 5ƻƐǊǳǎŀƭƭƤƪ ς Lineer Sistemler 
5ƻƐǊǳǎŀƭΣ ½ŀƳŀƴŘŀ 5ŜƐƛǒƳŜȊ {ƛǎǘŜƳƭŜǊ - Linear, Time Invariant (LTI) Systems 

 

5ƻƐǊǳǎŀƭ όƭƛƴŜŀǊύ ōƛǊ ǎƛǎǘŜƳ œƻƪ ōŀǎƛǘ ƛƪƛ ǀȊŜƭƭƛƐŜ ǎŀƘƛǇǘƛǊΥ ¢ƻǇƭŀƴƤǊƭƤƪ όŀŘŘƛǘƛǾƛǘȅύ ǾŜ 

Homojenite (homogeneity). 

 

If difference equation has with constant coefficients; therefore, it is linear and time-

invariant. 

 

a) ¢ƻǇƭŀƴƤǊƭƤƪΥ  



Sisteme ὼ1(ὸύ ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ ώ1(ὸ) sinyali ve ὼ2(ὸύ ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ ώ2(ὸ) sinyali elde 

ediliyorken; aὼ1(ὸ)+bὼ2(ὸύ ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ aώ1(ὸ)+bώ2(ὸ) sinyali elde ediyor ise sistem 

ŘƻƐǊǳǎŀƭƭƤƐƤƴ ƛƭƪ ōŀǎŀƳŀƐƤƴƤ ƎŜœƳƛǒǘƛǊΦ 

 

b) Homojenite:  

Sisteme ὼ1(ὸύ ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ ώ1(ὸ) sinyalini elde ediliyorken, ὥὼ1(ὸ) ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ 

ὥώ1(ὸ) sinyalini elde ediliyor ise (ὥ ƘŜǊƘŀƴƎƛ ōƛǊ ǎŀōƛǘ ƻƭƳŀƪ ǸȊŜǊŜύ ǎƛǎǘŜƳ ŀǊǘƤƪ ŘƻƐǊǳǎŀƭŘƤǊ 

diyebiliriz. 

 

.ǳ ŘǳǊǳƳŘŀΤ ŀ ǾŜ ō ǒƤƪƭŀǊƤ ōƛǊƭŜǒǘƛǊƛƭŜǊŜƪΣ ǎǸǇŜǊǇƻȊƛǎȅƻƴ όǎǳǇŜǊǇƻǎƛǘƛƻƴύ ǀȊŜƭƭƛƐƛƴƛ ǎŀƐƭŀȅŀƴ 

ǎƛǎǘŜƳƭŜǊ ŘƻƐǊǳǎŀƭ ǎƛǎǘŜƳƭŜǊŘƛǊΦ 5ƛƐŜǊ ōƛǊ ŘŜȅƛǒƭŜΤ ŀȄ1(t) + bx2όǘύ ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ ŀȅ1(t) + 

by2όǘύΣ όŀ ǾŜ ō ƘŜǊƘŀƴƎƛ ƛƪƛ ǎŀōƛǘ ƻƭƳŀƪ ǸȊŜǊŜύ œƤƪƤǒ ǎƛƴȅŀƭƛƴƛƴ ŜƭŘŜ ŜŘƛƭŘƛƐƛ ǎƛǎǘŜƳƭŜǊŜ 

ŘƻƐǊǳǎŀƭ ǎƛǎǘŜƳƭŜǊ ŘŜƴƛǊΦ 

 

 

 

 

 

 

 

 

 

Soru:.ƛǊ ǎƛǎǘŜƳƛƴ ƭƛƴŜŜǊ ǀȊŜƭƭƛƐƛƴƛ ȅŀȊƤƴƤȊΦ CόȄύҐоȄ2+2 sistemi lineer mi? 
5ƻƐǊǳǎŀƭ όƭƛƴŜŀǊύ ōƛǊ ǎƛǎǘŜƳ œƻƪ ōŀǎƛǘ ƛƪƛ ǀȊŜƭƭƛƐŜ ǎŀƘƛǇǘƛǊΥ ¢ƻǇƭŀƴƤǊƭƤƪ όŀŘŘƛǘƛǾƛǘȅύ ǾŜ 
Homojenite (homogeneity). 
Sisteme ὼ1(ὸύ ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ ώ1(ὸ) sinyali ve ὼ2(ὸύ ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ ώ2(ὸ) sinyali elde 
ediliyorken; aὼ1(ὸ)+bὼ2(ὸύ ǎƛƴȅŀƭƛ ƎƛǊƛƭŘƛƐƛƴŘŜ ŀώ1(ὸ)+bώ2(ὸ) sinyali elde ediyor ise sistem 
ŘƻƐǊǳǎŀƭŘƤǊ. 
F1(ax)=3a2 x2+2 
F2(bx)=3b2 x2+2 
F(ax+bx)=3(ax+bx)2+2 
F1(ax)+ F2(bx)= 3a2 x2+3b2 x2 + 4 
CόŀȄҌōȄύ ƛŦŀŘŜǎƛ CмόŀȄύҌ CнόōȄύ ƛŦŀŘŜǎƛƴŜ Ŝǒƛǘ ƻƭƳŀŘƤƐƤƴŘŀƴ ƭƛƴŜŜǊ ŘŜƐƛƭŘƛǊΦ 

 

 

 

 

Örnek: ώ(ὸ) = ὼ(ὸ) + ὧέί(ὸ + †) 

Bu sisteme  ὼ(ὸ)=ὥὼ1(ὸ)+ὦὼ2(ὸύ  ƎƛǊƛǒƛ ǳȅƎǳƭŀŘƤƐƤƳƤȊŘŀΣ 4ƤƪƤǒΣ  

ώ(ὸ)=ὼ(ὸ)+ὧέί(ὸ+†)=(ὥὼ1(ὸ)+ὦὼ2(ὸ))+cos (ὸ+†)  

ƻƭŀǊŀƪ ŜƭŘŜ ŜŘƛƭƛǊΦ .ǳ ŘǳǊǳƳŘŀ ǎƛǎǘŜƳƛƴ ŘƻƐǊǳǎŀƭ ƻƭŘǳƐǳƴǳ ǎǀȅƭŜƴŜƳŜȊΦ 

 



 
 

 

 
 

 

Soru: !ǒŀƐƤŘŀƪƛ ǎƛǎǘŜƳƭŜǊƛƴ ƘŜǊ ōƛǊƛ ƛœƛƴΣ ōǳƴǳƴ ƻƭǳǇ ƻƭƳŀŘƤƐƤƴƤ ōŜƭƛǊƭŜȅƛƴΥ 

όƛύ ƪŀǊŀǊƭƤ 

όƛƛύ ȊŀƳŀƴ ŘŜƐƛǒƳŜȊ 

όƛƛƛύ ŘƻƐǊǳǎŀƭ 

(iv) tersine çevrilebilir 

 



 
 

Soru: 

!ǒŀƐƤŘŀƪƛ  ǎƛǎǘŜƳΥ ƛύ ŘƻƐǊǳǎŀƭΣ ƛƛύ ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȅŜƴΣ ƛƛƛύ .L.h ƪŀǊŀǊƭƤΣ ƛǾύ ǘŜǊǎƛƴŜ œŜǾǊƛƭŜōƛƭƛǊΣ 

Ǿύ ƘŀŦƤȊŀ ƪŀȅōƤΣ Ǿƛύ ƴŜŘŜƴǎŜƭ ƳƛΚ IŜǊ ōƛǊƛ ƛœƛƴ ƪƤǎŀ ōƛǊ ƎŜǊŜƪœŜ üretin. 

 

 
 

 

Soru: 

!ǒŀƐƤŘŀƪƛ  ǎƛǎǘŜƳΥ ƛύ ŘƻƐǊǳǎŀƭΣ ƛƛύ ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȅŜƴΣ ƛƛƛύ .L.h ƪŀǊŀǊƭƤΣ ƛǾύ ǘersine çevrilebilir, 

Ǿύ ƘŀŦƤȊŀ ƪŀȅōƤΣ Ǿƛύ ƴŜŘŜƴǎŜƭ ƳƛΚ IŜǊ ōƛǊƛ ƛœƛƴ ƪƤǎŀ ōƛǊ ƎŜǊŜƪœŜ üretin. 

 

 
 

Soru: 

!ǒŀƐƤŘŀƪƛ  ǎƛǎǘŜƳΥ ƛύ ŘƻƐǊǳǎŀƭΣ ƛƛύ ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȅŜƴΣ ƛƛƛύ .L.h ƪŀǊŀǊƭƤΣ ƛǾύ ǘŜǊǎƛƴŜ œŜǾǊƛƭŜōƛƭƛǊΣ 

Ǿύ ƘŀŦƤȊŀ ƪŀȅōƤΣ Ǿƛύ ƴŜŘŜƴǎŜƭ ƳƛΚ IŜǊ ōƛǊƛ ƛœƛƴ ƪƤsa bir gerekçe üretin. 

 



Burada t0 we w0 sabitlerdir. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Soru: 

 Ŝƪƛƭde gösterilen sistemin (a) ƘŀŦƤȊŀȅŀ sahip mi,  (b) nedensel miΣ όŎύ ŘƻƐǊǳǎŀƭ ƳƤ, (d) 

ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȅŜƴ mi ǾŜȅŀ όŜύ ƪŀǊŀǊƭƤ ƻƭǳǇ ƻƭƳŀŘƤƐƤƴƤ ōŜƭƛǊƭŜȅƛƴΦ 

 

 

 



 

 

 
 

Soru. 

 

 
 

 

 
 

 

 
 

 



 

 

 

 

 

 

 



 
 

 

2.6. ½ŀƳŀƴŘŀƴ .ŀƐƤƳǎƤȊ ό¢ƛƳŜ LƴǾŀǊƛŀƴǘύ  
½ŀƳŀƴŘŀ ŘŜƐƛǒƳŜȊƭƛƪ ƛǎŜ ōƛǊ ǎƛǎǘŜƳƛƴ ƎƛǊƛǒƛƴŘŜ ǘ0 ƪŀŘŀǊ ƎŜŎƛƪƳŜ ƻƭǳȅƻǊǎŀΣ œƤƪƤǒƤƴŘŀ Řŀ ǘ0 

ƪŀŘŀǊ ƎŜŎƛƪƳŜ ƻƭƳŀǎƤŘƤǊΦ .ǳ ŘǳǊǳƳŘŀ ǎƛǎǘŜƳ ȊŀƳŀƴŘŀ ŘŜƐƛǒƳŜȊŘƛǊ όǘƛƳŜ ƛƴǾŀǊƛŀƴǘύΦ .ƛǊ 

sisteme x(t) ǎƛƴȅŀƭƛƴƛ ƎƛǊŘƛƐƛƳƛȊŘŜ ȅόǘύ ǎƛƴȅŀƭƛƴƛ ŜƭŘŜ ŜŘƛȅƻǊƪŜƴΣ Ȅόǘ ҍ ǘ0ύ ǎƛƴȅŀƭƛƴƛ ƎƛǊŘƛƐƛƳƛȊŘŜ 

œƤƪƤǒ ŀȅƴƤ ƳƛƪǘŀǊŘŀ ƎŜŎƛƪŜǊŜƪ ȅόǘ ҍ ǘ0ύ œƤƪƤǒ ǎƛƴȅŀƭƛƴƛ ǾŜǊƛȅƻǊǎŀ ǎƛǎǘŜƳ ȊŀƳŀƴŘŀ ŘŜƐƛǒƳŜȊ όǘƛƳŜ 

invariant) bir sistemdir. 

 

.ƛǊ ǎƛǎǘŜƳƛƴ ȊŀƳŀƴŘŀƴ ōŀƐƤƳǎƤȊ ƻƭŀōƛƭƳŜǎƛ ƛœƛƴ ŘŀǾǊŀƴƤǒƤ ȊŀƳŀƴƤƴ ƴŜ ƻƭŘǳƐǳƴŀ ōŀƐƭƤ 

ƻƭƳŀƳŀƭƤŘƤǊΦ ¸ŀƴƛ ƎƛǊŘƛ ǎƛƴȅŀƭƛƴŘŜ ȅŀǇǘƤƐƤƳƤȊ ǘǸƳ ƪŀȅŘƤǊƳŀ ƛǒƭŜƳƭŜǊƛ œƤƪǘƤ ǎƛƴȅŀƭƛƴŜ 

ȅŀƴǎƤƳŀƭƤŘƤǊΦ mǊƴŜƐƛƴ 

Ȅόǘύ Ҧ ȅόǘύ Σ Ȅόǘ - ǘƻύ Ҧ ȅόǘ - to) 

 

Bir sistem ancak ve ancak, tüm x(t) ve tüm t0 ŘŜƐŜǊƭŜǊƛ ƛœƛƴΣ x(t-t0) ƛœƛƴ ǎƛǎǘŜƳ ȅŀƴƤǘƤ y(t-t0) ise 

ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȅŜƴ ōƛǊ ǎƛǎǘŜƳŘƛǊΦ .ǳǊŀŘŀ ȅόǘύΣ ǎƛǎǘŜƳƛƴ Ȅόǘύ ƛœƛƴ ǸǊŜǘƳƛǒ ƻƭŘǳƐǳ ȅŀƴƤǘǘƤǊΦ  



 

{ƛǎǘŜƳƛƴ ŘŀǾǊŀƴƤǒƤ ǾŜ ǀȊŜƭƭƛƪƭŜǊƛ ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȊǎŜΣ ōƛǊ ǎƛǎǘŜƳƛƴ ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȊ ƻƭŘǳƐǳ 

söylenir. Böylece, bir zaman gecikmesi vŜȅŀ ƎƛǊƛǒ ǎƛƴȅŀƭŘŜƪƛ ȊŀƳŀƴ ƛƭŜǊƭŜƳŜǎƛΣ œƤƪƤǒ ǎƛƴȅŀƭƛƴŘŜ 

ŀȅƴƤ ƎŜŎƛƪƳŜȅŜ ǾŜȅŀ ƛƭŜǊƭŜƳŜȅŜ ȅƻƭ ŀœŀǊǎŀΣ ōƛǊ ǎƛǎǘŜƳƛƴ ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȊ ƻƭŘǳƐǳ ǎǀȅƭŜƴƛǊΦ 

 

 
 

5ƻƐǊǳǎŀƭ ½ŀƳŀƴƭŀ 5ŜƐƛǒƳŜȅŜƴ ǎƛǎǘŜƳ ƪǸƳŜǎƛ ōŀȊƤ ƴŜŘŜƴƭŜǊŘŜƴ ŘƻƭŀȅƤ ǀȊŜƭƭƛƪƭŜ ǀƴŜƳƭƛŘƛǊΦ 

Bu sistemlerin ƎƛǊƛǒƭŜǊƛƴŜ ƎǀǎǘŜǊŘƛƪƭŜǊƛ ȅŀƴƤǘΣ ōŀǎƛǘ ōƛǊ ǒŜƪƛƭŘŜ ƎƛǊƛǒ ƛǒŀǊŜǘƛ ƛƭŜ ǎƛǎǘŜƳƛƴ ōƛǊƛƳ 

ŘǸǊǘǸ ȅŀƴƤǘƤƴƤƴ ŜǾǊƛǒƛƳƛ όƪƻƴǾƻƭǸǎȅƻƴǳύ ƻƭŀǊŀƪ ŜƭŘŜ ŜŘƛƭŜōƛƭƛǊΦ 

 

 

 

 

 

 

{ƻǊǳΥ !ǒŀƐƤŘŀƪƛ ǎƛǎǘŜƳƛƴ ǀȊŜƭƭƛƪƭŜǊƛƴƛ ōŜƭƛǊƭŜȅƛƴƛȊΦ 

ώὸ ὼὸ ς ὼς ὸ 

 

Nedensellik:  

ὸ π ŀƴƤƴŘŀΣ ώπ ὼ ς ὼς 

{ƛǎǘŜƳƛƴ ǒǳ ŀƴŘŀƪƛ ŘŜƐŜǊƛΣ ƎŜœƳƛǒǘŜƪƛ ǾŜ ƎŜƭŜŎŜƪǘŜƪƛ ŘŜƐŜǊƛƴŜ ōŀƐƭƤŘƤǊ. Bu yüzden 

ǎƛǎǘŜƳ ƴŜŘŜƴǎŜƭ ŘŜƐƛƭŘƛǊΦ Çünkü sƛǎǘŜƳƛƴ ƘŜǊƘŀƴƎƛ ōƛǊ ȊŀƳŀƴŘŀƪƛ œƤƪǘƤǎƤΣ ƳŜǾŎǳǘ 

ȊŀƳŀƴŘŀ ǾŜȅŀ ƎŜœƳƛǒǘŜ ƎƛǊŘƛ ŘŜƐŜǊƭŜǊƛƴŜ ōŀƐƭƤȅǎŀΣ ǎƛǎǘŜƳ ƴŜŘŜƴǎŜƭŘƛǊΦ 

 

Bellekli ya da belleksiz: 

{ƛǎǘŜƳ ōŜƭƭŜƪƭƛŘƛǊΦ 4ǸƴƪǸ ǘ ŀƴƤƴŘŀƪƛ œƤƪƤǒ ǘΩŘŜƴ ŦŀǊƪƭƤ ȊŀƳŀƴƭŀǊŘŀƪƛ ƎƛǊƛǒ ŘŜƐŜǊƭŜǊƛƴŜ 

ōŀƐƭƤŘƤǊΦ 

 

5ƻƐǊǳǎŀƭƭƤƪΣ [ƛƴŜŜǊƭƛƪΥ 



{ƛǎǘŜƳƛƴ ƎƛǊƛǒƛƴŜ ὼ(ὸ)=ὥὼ1(ὸ)+ὦὼ2(ὸύ ǎƛƴȅŀƭƛƴƛ ƎƛǊŘƛƐƛƳƛȊŘŜΣ œƤƪƤǒǘŀ ώ(ὸ)=ὥώ1(ὸ)+ὦώ2(ὸ), 

ὥ ve ὦ heǊƘŀƴƎƛ ƛƪƛ ǎŀōƛǘ ƻƭƳŀƪ ǸȊŜǊŜΣ ȅόǘύ ǎƛƴȅŀƭƛƴƛ ŜƭŘŜ ŜǘǘƛƐƛƳƛȊ ǎƛǎǘŜƳƭŜǊŜ ŘƻƐǊǳǎŀƭ 

sistemler denir. 

 

ώὸ ὼὸ ς ὼς ὸ 

ώ ὸ ὼ ὸ ς ὼ ς ὸ 

ώ ὸ ὼ ὸ ς ὼ ς ὸ 

 

ὼὸ ‌ὼ ὸ ‍ὼ ὸ 

ώὸ ‌ὼ ‍ὼ ὸ ς ‌ὼ ‍ὼ ς ὸ 

ώὸ ‌ὼ ὸ ς ‍ὼ ὸ ς ‌ὼ ς ὸ ‍ὼ ς ὸ 

ώὸ ‌ὼ ὸ ς ‌ὼ ς ὸ ‍ὼ ὸ ς ‍ὼ ς ὸ 

ώὸ ‌ὼ ὸ ς ὼ ς ὸ ‍ὼ ὸ ς ὼ ς ὸ  

ώὸ ‌ώ ὸ ‍ώ ὸ 

ίὭίὸὩά ὰὭὲὩὩὶὨὭὶȢ 

 

{ƛǎǘŜƳƛƴ ȊŀƳŀƴƭŀ ŘŜƐƛǒƛǇ ŘŜƐƛǒƳŜŘƛƐƛΥ 

.ƛǊ ǎƛǎǘŜƳƛƴ ȊŀƳŀƴŘŀƴ ōŀƐƤƳǎƤȊ ƻƭŀōƛƭƳŜǎƛ ƛœƛƴ ŘŀǾǊŀƴƤǒƤ ȊŀƳŀƴƤƴ ƴŜ ƻƭŘǳƐǳƴŀ ōŀƐƭƤ 

ƻƭƳŀƳŀƭƤŘƤǊΦ ¸ŀƴƛ ƎƛǊŘƛ ǎƛƴȅŀƭƛƴŘŜ ȅŀǇǘƤƐƤƳƤȊ ǘǸƳ ƪŀȅŘƤǊƳŀ ƛǒƭŜƳƭŜǊƛ œƤƪǘƤ ǎƛƴȅŀƭƛƴŜ 

ȅŀƴǎƤƳŀƭƤŘƤǊΦ mǊƴŜƐƛƴ 

Ȅόǘύ Ҧ ȅόǘύ Σ Ȅόǘ - ǘƻύ Ҧ ȅόǘ - to) 

 

.ǀȅƭŜŎŜΣ ōƛǊ ȊŀƳŀƴ ƎŜŎƛƪƳŜǎƛ ǾŜȅŀ ƎƛǊƛǒ ǎƛƴȅŀƭŘŜƪƛ ȊŀƳŀƴ ƛƭŜǊƭŜƳŜǎƛΣ œƤƪƤǒ ǎinyalinde 

ŀȅƴƤ ƎŜŎƛƪƳŜȅŜ ǾŜȅŀ ƛƭŜǊƭŜƳŜȅŜ ȅƻƭ ŀœŀǊǎŀΣ ōƛǊ ǎƛǎǘŜƳƛƴ ȊŀƳŀƴƭŀ ŘŜƐƛǒƳŜȊ ƻƭŘǳƐǳ 

söylenir. 

 

 

 

Örnek: ȅόǘύ Ґ ȄόǘҍнύҌȄόнҍǘύ 

The system is time invariant. ὸO ὸ ὥ 

ώὸ ὥ ὼ ὸ ὥ ς ὼς ὸ ὥ =y(t-a) 

 

 
 

 



 
 

 

 

 

 

 

 

2.7. !ȅǊƤƪ ½ŀƳŀƴƭƤ {ƛǎǘŜƳƭŜǊ 
In many applications of digital signal processing we wish to design a device or an algorithm 

that performs some prescribed operation on a discrete-time signal. Such a device or 

algorithm is called a discrete-time system. More specifically, a discrete-time system is a 

device or algorithm that operates on a discrete-time signal, called the input or excitation. 

according to some well-defined rule, to produce another discrete-time signal called the 

output or response of the system. In general, we view a system as an operation or a set of 

operations performed on the input signal x(n) to produce the output signal y ( n ) , We say 

that the input signal x ( n ) is transformed by the system into a signal y ( n )an, d express the 

general relationship between x( n ) and y(n)  

   



where the symbol T denotes the transformation (also called an operator), or processing 

performed by the system on x( n ) to produce y ( n ) . as shown below . 

 
There are various ways to describe the characteristics of the system and the operation it 

performs on x ( n ) to produce y ( n ),  we shall be concerned with the time-domain 

characterization of systems. We shall begin with an input-output description of the system. 

The input-output description focuses on the behavior at the terminals of the system and 

ignores the detailed internal construction or realization of the system. In this description we 

develop mathematical equations that not only describe the input-output behavior of the 

system but specify its internal behavior and structure. 

 

Input-Output Description of Systems 

The input-output description of a discrete-time system consists of a mathematical 

expression or a rule, which explicitly defines the relation between the input and output 

signals (input-output relationship). The exact internal structure of the system is either 

unknown or ignored. Thus the only way to interact with the system is by using its input and 

output terminals (i.e., the system is assumed to be a "black box" to the user). To reflect this 

philosophy. we use the graphical representation in figure above. 

 

 

 

 

Example. 

Determine the response of the following systems to the input signal 

 



Solution First. we determine explicitly the sample values of the input signal 

 
(a) In this case the output is exactly the same as the input signal. Such a system is known as 

the identity system. 

(b) This system simply delays the input by one sample. Thus its output is given by 

  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.8. Sistemlerin Blok Diyagram Gösterimi ve 

Matematiksel  Modellenmesi 
 

It is useful at this point to introduce a block diagram representation of discrete time 

systems. For this purpose we need to define some basic building blocks that can be 

interconnected to form complex systems. 

 

 



 
 

An adder. Figure below illustrates a system (adder) that performs the addition of two signal 

sequences to form another (the sum) sequence, which we denote as y(n). Note that it is not 

necessary to store either one of the sequences in order to perform the addition. In other 

words, the addition operation is memoryless. 

 

   
 

A constant multiplier. This operation is depicted by Fig. below, and simply 

represents applying a scale factor on the input x ( n ) . Note that this operation is also 

memoryless. 

 
A signal multiplier. Figure below illustrates the multiplication of two signal sequences to 

form another (the product) sequence, denoted in the figure as 

y ( n ) . As in the preceding two cases, we can view the multiplication operation as 

memoryless. 



  
A unit delay element. The unit delay is a special system that simply delays 

the signal passing through it by one sample. Figure below illustrates such a system. If the 

input signal is x ( n ) , the output is x(n - 1). In fact, the sample x(n - 1) is stored in memory at 

time n - 1 and it is recalled from memory at time n to form 

   
Thus this basic building block requires memory. The use of the symbol ,z-1 to denote the unit 

of delay will become apparent when we discuss the Z transform  

    

 
 

A unit advance element: In contrast to the unit delay, a unit advance 

moves the input x( n ) ahead by one sample in time to yield x(n + 1). Figure below illustrates 

this operation, with the operator Z being used to denote the unit advance. 

 
 

We observe that any such advance is physically impossible in real time, since. In fact, it 

involves looking into the future of the signal. On the other hand. if we store the signal in 

the memory of the computer, we can recall any sample at any time. In such a non real-time 

application, it is possible to advance the signal x(n) in time. 

 

 

 

 

 

 

Example . 

The discrete-time system described by the input-output relation. 



  
where x ( n ) is the input and y ( n ) is the output of the system. 

Solution : the output y ( n ) is obtained by multiplying Input x ( n ) by 0.5, multiplying the 

previous input x( n - 1 ) by 0.5. adding the two products, and then adding the previous 

output y(n - 1) multiplied by 1/4. Figure a illustrates this block diagram realization of the 

system. A simple rcarrangcrncnt . 

    
leads to the block diagram realization shown in Fig. b. Note that if we treat "the  system" 

from the "viewpoint" of an input-output or an external description.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 



2.9. !ȅǊƤƪ ½ŀƳŀƴƭƤ {ƛǎǘŜƳƭŜǊƛƴ {ƤƴƤŦƭŀƴŘƤǊƤƭƳŀǎƤ 
In the analysis as well as in the design of systems, it is desirable to classify the systems 

according to the general properties that they satisfy. In fact, the mathematical techniques 

that we develop in this and in subsequent chapters for analyzing and designing discrete-

time systems depend heavily on the general characteristics of the systems that are being 

considered. For this reason it is necessary for us to develop a number of properties or 

categories that can be used to describe the general characteristics of systems. 

We stress the point that for a system to possess a given property, the property must hold 

for every possible input signal to the system. If a property holds for some input signals but 

not for others, the system does not possess that property. 

Thus a counterexample is sufficient to prove that a system does not possess a 

property. However, to prove that the system has some property. we must prove that this 

property holds for every possible input signal. 

 

Static versus dynamic systems. A discrete-time system is called static or memoryless if its 

output at any instant n depends at most on the input sample at the same time, but not on 

past or future samples of the input. In any other case, the system is said to be dynamic or to 

have memory. If the output of a system at time n is completely determined by the input 

samples in the interval from n ς N  to n(N > 0), the system is said to have memory of 

duration N. If N = 0. the system is static. If 0 < N < ¤, the system is said to have finire 

memory. Whereas if N = ¤, the system is said to have infinite memory. 

The systems described by the following input-output equations 

  
are both static or memoryless. Note that there is no need to store any of the past inputs or 

outputs in order to compute the present output. On the other hand, The systems described 

by the following input-output relations 

  
are dynamic systems or systems with memory. 

The  first  two systems described above  have finite memory, whereas the last system has 

infinite memory. 



 

Time-invariant versus time-variant systems. We can subdivide the general class of systems 

into the two broad categories, time-invariant systems and time-variant systems. A system is 

called time-invariant if its input-output characteristics do not change with time. To 

elaborate, suppose that we have a system 'T in a relaxed state which, when excited by an 

input signal x(n), produces an output signal y(n). Thus we write 

  
Now suppose that the same input signal is delayed by k units of time to yield x(n - k), and 

again applied to the same system. If the characteristics of the system do not change with 

time, the output of the relaxed system will be y(n -k). That is, the output will be the same as 

the response to x(n). except that it will be delayed by the same k units in time that the input 

was delayed. This leads us to define a time-invariant or shift-invariant system as follows. 

Definition. A relaxed system T is Time invariant or shift invariant if and only if 

  
implies that 

  
for every input signal x ( n ) and every time shift k 

To determine if any given system is time invariant, we need to perform the 

test specified by the preceding definition. Basically, we excite the system with an arbitrary 

input sequence x ( n ) , which produces an output denoted as y(n). Next we delay the input 

sequence by same amount k and recompute the output. In general, we can write the output 

as 

 

  
 

Now if this output y(n, k) = y(n - k), for all possible values of &, the system is time invariant. 

On the other hand, if the output y(n, k ) # y(n - k), even for one value of k, the system is time 

variant. 

Example . 

Determine if the systems shown in Fig. below are time invariant or time variant. 

 



 
 

 
 

 

 

 

 



Solution 

(a) This system is described by the input-output equations 

  
Now if the input is delayed by k units in time and applied to the system, it is 

clear from the block diagram that the output will be 

  
On the other hand if we delay y(n) by k units in time. we obtain 

  

 
v ( n . k ) = y(n - k ) . Therefore, the system is time invariant. 

 

Linear versus nonlinear systems. The general class of systems can also 

be subdivided into linear systems and nonlinear systems. A linear system is one that 

satisfies the superposition principle. Simply stated, the principle of superposition requires 

that the response of the system to a weighted sum of signals be equal to the corresponding 

weighted sum of the responses (outputs) of the system to each of the individual input 

signals. Hence we have the following definition of linearity. 

Definition. A relaxed T system is linear if and only if 

  
for any arbitrary input sequences xl(n) and xz(n), and any arbitrary constants a1 and a2. 

Figure below gives a pictorial illustration of the superposition principle. 

 

 



 

Determine if the systems described by the following input-output equations arc linear or 

nonlinear. 

 

 
Solution 

(a) For two input sequences x1( n ) and a2(n), the corresponding outputs are 

  
A linear combination of the two input sequences results in the output 

 

 
On the other hand. a linear combination f the two outputs result in the output 

  
Since they are identical, the system is linear. 

 

 

Example of a Linear System 

To illustrate system linearity, let's say we have the discrete system shown below in Figure 

(a) whose output is defined as 

 
block diagram where y(n) = ςx(n)/2; (b) system input and output with a 1-Hz sine wave 

applied; (c) with a 3-Hz sinewave applied; (d) with the sum of 1-Hz and 3-Hz sinewaves 

applied. 



 
 

that is, the output sequence is equal to the negative of the input sequence with the 

amplitude reduced by a factor of two. If we apply an x1(n) input sequence representing a 1-

Hz sinewave sampled at a rate of 32 samples per cycle, we'll have a y1(n) output as shown in 

the center of Figure (b). The frequency-domain spectral amplitude of the y1(n) output is the 

plot on the right side of Figure (b), indicating that the output comprises a single tone of peak 

amplitude equal to ς0.5 whose frequency is 1 Hz. Next, applying an x2(n) input sequence 

representing a 3-Hz sinewave, the system provides a y2(n) output sequence, as shown in the 

center of Figure (c). The spectrum of the y2(n) output, Y2(m), confirming a single 3-Hz 

sinewave output is shown on the right side of Figure (c). Finallyτhere's where the linearity 

comes inτif we apply an x3(n) input sequence that's the sum of a 1-Hz sinewave and a 3-Hz 

sinewave, the y3(n) output is as shown in the center of Figure (d).Notice how y3(n) is the 

sample-for-sample sum of y1(n) and y2(n). Figure (d) also shows that the output spectrum 

Y3(m) is the sum of Y1(m) and Y2(m). That's linearity. 

 

 

 

 

 



Example of a Nonlinear System 

It's easy to demonstrate how a nonlinear system yields an output that is not equal to the 

sum of y1(n) and y2(n) when its input is x1(n) + x2(n). A simple example of a nonlinear 

discrete system is that in shown below in Figure (a) where the output is the square of the 

input described by 

 
 

Nonlinear system input-to-output relationships: (a) system block diagram where y(n) = 

[x(n)]2; (b) system input and output with a 1-Hz sinewave applied; (c) with a 3-Hz 

sinewave applied; (d) with the sum of 1-Hz and 3-Hz sinewaves applied. 

 

 
We'll use a well known trigonometric identity and a little algebra to predict the output of 

this nonlinear system when the input comprises simple sinewaves. Let's describe a 

sinusoidal sequence, whose frequency fo = 1 Hz, by 

 
describes the x1(n) sequence on the left side of Figure  (b). Given this x1 (n) input sequence, 

the y1(n) output of the nonlinear system is the square of a 1-Hz sinewave, or 

 



We can simplify our expression for y1(n) in by using the following trigonometric identity: 

 
we can express y1(n) as 

 
which is shown as the all positive sequence in the center of Figure (b). Because Equation 

above results in a frequency sum ( a +  b) and frequency difference ( a ς b) effect when 

multiplying two sinusoids, the y1(n) output sequence will be a cosine wave of 2 Hz and a 

peak amplitude of ς0.5, added to a constant value of 1/2. The constant value of 1/2 in Eq. 

below is interpreted as a zero Hz frequency component, as shown in the Y1(m) spectrum in 

Figure (b). We could go through the same algebraic exercise to determine that, when a 3-Hz 

sinewave x2(n) sequence is applied to this nonlinear system, the output y2(n) would contain 

a zero Hz component and a 6 Hz component, as shown in Figure 1 (c).System nonlinearity is 

evident if we apply an x3(n) sequence comprising the sum of a 1-Hz and a 3-Hz sinewave as 

shown in Figure (d). We can predict the frequency content of the y3(n) output sequence by 

using the algebraic relationship 

 
where a and b represent the 1-Hz and 3-Hz sinewaves, respectively. From Equation: 

   
the a2 term in Equation:  

  
generates the zero-Hz and 2-Hz output sinusoids in Figure (b). Likewise, the b2 term 

produces in y3(n) another zero-Hz and the 6-Hz sinusoid in Figure (c). However, the 2ab term 

yields additional 2-Hz and 4-Hz sinusoids in y3(n). We can show this algebraically by using 

Equation: 

   
and expressing the 2ab term in Equation:  

 
as 

 
 



Equation above tells us that two additional sinusoidal components will be present in y3(n) 

because of the system's nonlinearity, a 2-Hz cosine wave whose amplitude is +1 and a 4-Hz 

cosine wave having an amplitude of ς1. These spectral components are illustrated in Y3(m) 

on the right side of Figure (d). 

Notice that, when the sum of the two sinewaves is applied to the nonlinear system, the 

output contained sinusoids, Equation above, that were not present in either of the outputs 

when the individual sinewaves alone were applied. Those extra sinusoids were generated by 

an interaction of the two input sinusoids due to the squaring operation. That's nonlinearity. 

Although nonlinear systems are usually difficult to analyze, they are occasionally used in 

practice, for example, describe their application in nonlinear digital filters.  

 

Causal versus noncausal systems. We begin with the definition of causal 

discrete-time systems. 

.Definition. A system is said to be causal if the output of the system at any 

time n [i.e., y ( n ) ] depends only on present and past inputs [i.e., x ( n ) , x(n - LύΣΧΦΦx (n - 2), 

. . .], but does not depend on future inputs [i.e., x (n + 1 ), x (n + 2), . . .]. In mathematical 

terms, the output of a causal system satisfies an equation of the form 

  
 where F[.] is some arbitrary function. 

 

If a system does not satisfy this definition, it is called noncausal. Such a system has an 

output that depends not only on present and past inputs but also on future inputs. 

It is apparent that in real-time signal processing applications we cannot observe future 

values of the signal, and hence a noncausal system is physically unrealizable (i-e., it cannot 

be implemented). On the other hand, if the signal is recorded so that the processing is done 

off-line (nonreal time), it is possible to implement a noncausal system, since all values of the 

signal are available at the time of processing. 

This is often the case in the processing of geophysical signals and images. 

Example . 

Determine if the systems described by the following input-output equations are causal or 

noncausal. 

 

(f) 

 
Stable versus unstable systems. Stability is an important property that must be considered 

in any practical application of a system. Unstable systems usually exhibit erratic and 

extreme behavior and cause overflow in any practical implementation.  

 



Definition: A system is said to be stable in the bounded input-bounded output sense if, for 

any input that is bounded,  

 
the output will be bounded, 

 
For a linear shift-invariant system, stability is guaranteed if the unit sample response is 

absolutely summable: 

 
 

EXAMPLE An LSI system with unit sample response h(n) = anu(n) will be stable whenever 

lan1 < 1, because 

 

 
The system described by the equation y(n) = nx(n), on the other hand, is not stable because 

the response to a unit step, x(n) = u(n), is y(n) = nu(n), which is unbounded. 

 

Interconnection of Discrete-Time Systems 

Discrete-time systems can be interconnected to form larger systems. There are two basic 

ways in which systems can be interconnected: in cascade (series) or in parallel. These 

interconnections are illustrated in Fig. below. Note that the two interconnected systems are 

different. 

In the cascade interconnection the output of the first system is 

 

 



 
and the output of the second system is 

  
We observe that systems T1 and T2 can be combined or consolidated into a single overall 

system 

     
Consequently, we can express the output of the combined system as 

     
In general, the order in which the operations T1 and T 2 are performed is important. That is, 

      
for arbitrary systems. However. if the systems T1 and T2 are linear and time invariant, then 

(a) TC; is time invariant and (b) T2T1=T1T2 that is, the order in which the systems process the 

signal is not important. T2T1 and T1T2 yield identical output sequences, 

In the parallel interconnection, the output of the system ;T1; is y1( n ) and the output of the 

system T2 is y2(n). Hence the output of the parallel interconnection is 



    

 
In general, we can use parallel and cascade interconnection of systems to construct larger, 

more complex systems. Conversely, we can take a larger system and break it down into 

smaller subsystems for purposes of analysis and implementation. We shall use these notions 

later, in the design and implementation of digital filters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. Fourier Transform  
CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸΣ ǎŀŘŜŎŜ ǎƛƴǸǎ ǾŜ ƪƻǎƛƴǸǎ ǘŜƳŜƭ ƛǒƭŜǾƭŜǊƛ ƪǳƭƭŀƴƤƭŀǊŀƪ ǎŜƴǘŜȊƭŜƴŜōƛƭŜƴ 

sinyalleri analiz etmek için yeterlidir. 

 

5ǸƴȅŀŘŀƪƛ ōƛǊœƻƪ ǒŜȅΣ ōƛǊ ŘŀƭƎŀ ŦƻǊƳǳ ŀǊŀŎƤƭƤƐƤȅƭŀ ǘŀƴƤƳƭŀƴŀōƛƭƛǊ - ȊŀƳŀƴΣ ƳŜƪŀƴ ǾŜȅŀ ōŀǒƪŀ 

ōƛǊ ŘŜƐƛǒƪŜƴƛƴ ŦƻƴƪǎƛȅƻƴǳΦ mǊƴŜƐƛƴΣ ǎŜǎ ŘŀƭƎŀƭŀǊƤΣ ŜƭŜƪǘǊƻƳŀƴȅŜǘƛƪ ŀƭŀƴƭŀǊΣ ǊŀŘȅƻŘŀƴ 

ŘƛƴƭŜŘƛƐƛƴƛȊ ƳǸȊƛƪΣ hisse senetlerini ȊŀƳŀƴŀ ƎǀǊŜ ŦƛȅŀǘƤΣ ƴŜŦŜǎƛƴƛȊƛƴ ǎƤƪƭƤƐƤ Ǿb.  

 

CƻǳǊƛŜǊ 5ǀƴǸǒǸƳǸΣ ōƛȊŜ ōǳ ŘŀƭƎŀ ŦƻǊƳƭŀǊƤƴƤ ŘƻƐǊǳŘŀƴ ƎǀǊǸƴǘǸƭŜƳŜƴƛƴ ōŜƴȊŜǊǎƛȊ ǾŜ ƎǸœƭǸ ōƛǊ 

ȅƻƭǳƴǳ ǎǳƴŘǳƐǳ ƛœƛƴ ǀƴŜƳƭƛ ōƛǊ Ǌƻƭ ƻȅƴŀƳŀƪǘŀŘƤǊΦ CƻǳǊƛŜǊ ¢ǊŀƴǎŦƻǊƳΣ ƎǀǊǸƴǘǸ ŀƴŀƭƛȊƛΣ 

ƎǀǊǸƴǘǸ ŦƛƭǘǊŜƭŜƳŜΣ ƎǀǊǸƴǘǸ ǊŜƪƻƴǎǘǊǸƪǎƛȅƻƴǳ ǾŜ ƎǀǊǸƴǘǸ ǎƤƪƤǒǘƤǊƳŀǎƤ Ǝƛōƛ œƻƪ œŜǒƛǘƭƛ 

ǳȅƎǳƭŀƳŀƭŀǊŘŀ ƪǳƭƭŀƴƤƭƤǊΦ 

 

.ƛǊ CǊŀƴǎƤȊ ƳŀǘŜƳŀǘƛƪœƛ ǾŜ ŦƛȊƛƪœƛ WŜŀƴ .ŀǇǘƛǎǘŜ WƻǎŜǇƘ CƻǳǊƛŜǊ, Fourier analizini ƎŜƭƛǒǘƛǊŘƛ. 

PŜǊƛȅƻŘƛƪ ǎƛƴȅŀƭƛƴ ǳȅƎǳƴ ǎŜœƛƭƳƛǒ ǎƛƴǸȊƻƛŘŀƭ ŘŀƭƎŀƭŀǊƤƴ ǘƻǇƭŀƳƤ ƻƭŀǊŀƪ ǘŜƳǎƛƭ ŜŘƛƭŜōƛƭŜŎŜƐƛ 

ƪƻƴǳǎǳƴŘŀ ǘŀǊǘƤǒƳŀƭƤ ōƛǊ ƛŘŘƛŀȅŀ ǎŀƘƛǇǘƛΦ .ǳ ȅŀȊƤƴƤƴ ōƛǊ ƎǀȊŘŜƴ ƎŜœƛǊƛŎƛǎƛ ƻƭŀƴ ƳŀǘŜƳŀǘƛƪœƛ 

[ŀƎǊŀƴƎŜΣ ǎǸǊŜƪǎƛȊ ŜƐƛƳƭŜǊ Ǝƛōƛ ƪǀǒŜƭŜǊƛ ƻƭŀƴ ǎƛƴȅŀƭƭŜǊƛ ǘŜƳǎƛƭ ŜǘƳŜƪ ƛœƛƴ ōƛǊ ȅŀƪƭŀǒƤƳƤƴ 

ƪǳƭƭŀƴƤƭŀƳŀȅŀŎŀƐƤ ƪƻƴǳǎǳƴŘŀ ƤǎǊŀǊ ŜǘǘƛΦ [ŀƎǊŀƴƎŜΩƤƴ ƎǀǊǸǒǸ ŘƻƐǊǳȅŘǳ ŀƳŀ ǘŀƳ ƻƭŀǊŀƪ ŘŜƐƛƭΣ 

œǸƴƪǸ ǎƤŦƤǊ ŜƴŜǊjiye sahip iki sinüzoiŘŀƭ ƛǒŀǊŜǘ ŀǊŀǎƤƴŘŀƪƛ ŦŀǊƪ œƻƪ ȅŀƪƤƴŘƤΦ aŀƪŀƭŜ ǎƻƴǳƴŘŀ 

[ŀƎǊŀƴƎŜ ǀƭŘǸƪǘŜƴ ǎƻƴǊŀ ȅŀȅƤƴƭŀƴŘƤΦ CƻǳǊƛŜǊΩƛƴ ƎŜƴŜƭƭŜƳŜ ƛŘŘƛŀǎƤƴƤƴ ōƛǊŀȊ ƪǳǾǾŜǘƭƛ ƻƭŘǳƐǳ 

ƻǊǘŀȅŀ œƤƪǎŀ ŘŀΣ ǎƻƴǳœƭŀǊƤ ƎǸƴǸƳǸȊŜ ƪŀŘŀǊ ŘŜǾŀƳ ŜŘŜƴ ǀƴŜƳƭƛ ōƛǊ ŀǊŀǒǘƤǊƳŀ ǎŜƭƛƴƛ ƘŀǊŜƪŜǘŜ 

geçirdi. 

 

CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸ ŦƛȊƛƪ ǾŜ ƳǸƘŜƴŘƛǎƭƛƪ ŀƭŀƴƤƴŘŀƪƛ ōƛǊœƻƪ ǳȅƎǳƭŀƳŀ ƛƭŜ ƳŀǘŜƳŀǘƛƪǎŜƭ ōƛǊ 

ŘǀƴǸǒǸƳŘǸǊΦ CƻǳǊƛŜǊ ǎŜǊƛƭŜǊƛ ŘŜƴƛƭŜƴ ǘǊƛƎƻƴƻƳŜǘǊƛƪ ǎŜǊƛƭŜǊƛ ƪǳƭƭŀƴŀǊŀƪ ƪƤǎƳƛ ŘƛŦŜǊŀƴǎƛȅŜƭ 

denklemleri içeren birçok önemli problemi çözebiliriz.  

 

Evrende ƎǀȊƭŜŘƛƐƛƴƛȊ ǘǸƳ ŘŀƭƎŀ ŦƻǊƳƭŀǊƤ ŦŀǊƪƭƤ ŦǊŜƪŀƴǎ ǾŜ genliklere sahip sinüs 

ŦƻƴƪǎƛȅƻƴƭŀǊƤƴƤƴ ǘƻǇƭŀƳƤƴŘŀƴ ƛōŀǊŜǘǘƛǊΗ 

 

 

 

 

 

 

 

 

 



 

 

 
 



 

 



 

 
 



 

 



 

 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 



Soru: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Soru-15: 

 

 
 ŜƪƛƭŘŜ ǾŜǊƛƭƳƛǒ ƻƭŀƴ f(t)Ωƴƛƴ ŦƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸ ōǳƭǳƴǳȊΦ 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Soru-16: 

 

 
 ŜƪƛƭŘŜ ǾŜǊƛƭƳƛǒ ƻƭŀƴ f(t)Ωƴƛƴ ŦƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸ ōǳƭǳƴǳȊΦ 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Soru-3:   

 
a) X(t) fonksiyonunu çiziniz 

 
b) CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸ ōǳƭǳƴǳȊ 

 

 
 

 



3.1. Matlab ile Sinyal Analizi  
 

Y = fft(X) computes the discrete Fourier transform (DFT) of X using a fast Fourier transform 

(FFT) algorithm. 

Y = fft(X,n) returns the n-point DFT. If no value is specified, Y is the same size as X. 

 

Örnek: 

Gürültülü Sinyal 

Use Fourier transforms to find the frequency components of a signal buried in noise. Specify 

the parameters of a signal with a sampling frequency of 1000Hz and a signal duration of 150 

ms. 

 

clear all 

close all 

Fs = 1000;            % Sampling frequency                     

T = 1/Fs;             % Sampling period        

L = 150;             % Length of signal 

t = (0:L-1)*T;        % Time vector 

 

S1 = 0.7*sin(2*pi*50*t); 

S2 = sin(2*pi*120*t); 

figure, plot(t,S1) 

figure, plot(t,S2) 

 

S=S1+S2; 

figure, plot(t,S) 
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Y = fft(S); 

figure, plot(fftshift(abs(Y))) 

 
G = S + 0. 25*randn(size(t));  

figure, plot(t,G)  

FG=fft(G) 

figure, plot(fftshift(abs(FG))) 

 

 

P2 = abs(FG/L);  

P1 = P2(1:L/2+1); 

P1(2:end-1) = 2*P1(2:end-1); 

f = Fs*(0:(L/2))/L; 

figure, plot(f,P1)  

title('Single-Sided Amplitude Spectrum of G(t)') 

xlabel('f (Hz)') 

ylabel('|P1(f)|') 
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3.2. Fourier analysis and Matlab 
.ŀǒƭŀƴƎƤœ ƻƭŀǊŀƪΣ ōŀȊƤ ōŀǎƛǘ м5 ǎƛƴȅŀƭƭŜǊƛ ƻƭǳǒǘǳǊŀƭƤƳ ǾŜ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳƭŜǊƛƴƛ ƛƴŎŜƭŜȅŜƭƛƳΦ 

.ǳ ƛƭƪ ǀǊƴŜƪǘŜΣ ōŀǎƛǘ ōƛǊ ǇŜǊƛȅƻŘƛƪ ǎƛƴȅŀƭƛƴ ŦǊŜƪŀƴǎ ƛœŜǊƛƐƛƴƛ ƪƻƴǘǊƻƭ ŜŘŜŎŜƐƛȊ. Verilen 

ōǸȅǸƪƭǸƪΣ ŦǊŜƪŀƴǎΣ ǀǊƴŜƪƭŜƳŜ ƻǊŀƴƤ ǾŜ ǎǸǊŜȅŜ ǎŀƘƛǇ ōƛǊ ƪƻǎƛƴǸǎ ǎƛƴȅŀƭƛ ƻƭǳǒǘǳǊǳƴΥ 

 
clear all  

 close all  

  mag  = 2;     % magnitude (arbitrary units)  

  f = 5;     % frequency in Hz  

  Ps=50;        % number of sampling on a periot  

  samp = f*Ps;   % sampling rate in Hz  

  t        = 0:1/samp:1 - 1/samp;  % time (1s of data)  

  N        = length(t)  

  x = mag*cos(2*pi*f*t);    % the signal equation  

  figure  

  plot(t,x, '. - ' );  

 

 

 
mǊƴŜƪƭŜƳŜ ƘƤȊƤ όǎŀƴƛȅŜŘŜƪƛ örnek ǎŀȅƤǎƤύ ƛƭŜ ǎƛƴȅŀƭƛƴ ŦǊŜƪŀƴǎƤ  ŀǊŀǎƤƴŘŀƪƛ ƛƭƛǒƪƛƴƛƴ ƛȅƛ 

ŀƴƭŀǒƤƭƳŀǎƤ ƎŜǊŜƪƛǊΦ {üresi 1 saniye olan bir sinyal üretƛƭŘƛƐƛƴŘŜƴΣ ǎŀƴƛȅŜŘŜƪƛ ŘǀƴƎǸ ǎŀȅƤǎƤ 

kolayca hesaplanabilir: 

Frekans=5Hz ise bir sinyalin peryodu=T=1/5=0.2 sec. 

1 saniyede üretilecek sinyal sŀȅƤǎƤҐм ǎŀƴƛȅŜ * frekans=5 adettir. 

.ƛǊ ǇŜǊȅƻǘƭǳƪ ǎƛƴȅŀƭŘŜƪƛ ǀǊƴŜƪ ǎŀȅƤǎƤҐǘƻǇƭŀƳ ǀǊƴŜƪ ǎŀȅƤǎƤκǎƛƴȅŀƭ ǎŀȅƤǎƤҐмллκрҐнл ŀŘŜǘǘƛǊΦ 
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Örnek: 

м ǎŀƴƛȅŜŘŜ ǸǊŜǘƛƭŜŎŜƪ ǎƛƴȅŀƭ ǎŀȅƤǎƤҐн ŀŘŜǘ ƛǎŜ ¢ҐмκнҐлΦрǎŜŎΣ ŦҐмκ¢ҐнIȊΣ 

¢ƻǇƭŀƳ ǀǊƴŜƪ ǎŀȅƤǎƤҐ.ƛǊ ǇŜǊȅƻǘƭǳƪ ǎƛƴȅŀƭŘŜƪƛ ǀǊƴŜƪ ǎŀȅƤǎƤ ϝ ǎƛƴȅŀƭ ǎŀȅƤǎƤҐплϝнҐул ŀŘŜǘǘƛǊΦ 

 

 
clear all  

 close all  

  mag  = 2;     % magnitude (arbitrary units)  

  f = 5;     % frequency in Hz  

  Ps=50;        % number of sampling on a periot  

  samp = f*Ps;   % sampling rate in Hz  

  t        = 0:1/samp: 1- 1/samp;  % time (1s of data)  

  N        = length(t)  

  x = mag*cos(2*pi*f*t);    % the signal equation  

  figure  

  plot(t,x, '. - ' );  

  xlabel( 'Time (sec)' );  

  ylabel( 'Amplitute' );  

  title( 'mag*cos(2*pi*f*t)' )  

 

 
{ƻƴ ȊŀƳŀƴ ƴƻƪǘŀǎƤƴƤn  ƪŀƭŘƤǊƤƭƳŀ nedeni, FFT yaparken, matlab, sinyali periyodik varsayar ve 

ƪŜƴŘƛǎƛƴƛ ǎǸǊŜǎƛȊ ƻƭŀǊŀƪ ǘŜƪǊŀǊƭŀǊΦ aŀǘƭŀōϥƤƴ ǎƛƴȅŀƭƛƴ ǎŀŦ ǎƻƴǎǳȊ ōƛǊ ƪƻǎƛƴǸǎ Ŧƻƴƪǎƛȅƻƴǳ 

ƻƭŘǳƐǳƴǳ görmesi gerekir.  
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.ǳ ǎƛƴȅŀƭƛƴ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸ ŀƭŀƭƤƳΣ 
clear all  

close all  

  mag  = 2;     % magnitude (arbitrary units)  

  freq = 2;     % frequency in Hz  

  samp = 80;   % sampling rate in Hz  

  t        = 0:1/samp:1 - 1/samp;  % time (1s of data)  

  N        = length(t)  

  x = mag*cos(2*pi*freq*t);    % the signal equation  

  figure,   plot(t,x, '. - ' );  

   

  y  = fft(x);             % do Fast Fourier Transform  

  f  = linspace(0,N - 1,N);  % vector of frequencies for plotting  

  figure,  plot(f,abs(y), '. - ' );     % plotting the magnitude of the FFT  

  figure,  plot(f(1:N/2),abs(y(1:N/2))); % plotting half of the fft results  

  xlabel( 'Freq (Hz)' );           % labelling x - axis  

 

 

 
Bu çizime güç spektrumu denir. 

Tƭƪ yükselti ƪƻǎƛƴǸǎ Ŧƻƴƪǎƛȅƻƴǳƴǳƴ ŦǊŜƪŀƴǎƤ ƛƭŜ œŀƪƤǒƤǊiΦ TƪƛƴŎƛ ȊƛǊǾŜ ǎƛƳŜǘǊƛƐƛŘƛǊΦ Bu nedenle, 

ŦƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸƴ ǎŀŘŜŎŜ ƛƭƪ ȅŀǊƤǎƤƴƤ ƎǀǎǘŜǊilir: 
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aŀǘƭŀōϥŘŀ όƛŦŦǘύ ǘŜǊǎ CC¢ ƛǒƭŜǾƛΥ 

.ƛǊƛ ōǸȅǸƪƭǸƪ ǾŜ ŘƛƐŜǊƛ ŦŀȊ ƻƭŀƴ ƛƪƛ ǎƛƴȅŀƭƛƴ ǘŜǊǎ ŦƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸ 

Note: Compute the value of eƛˉ. The notation 1i is Matlab's code for the famous imaginary 

number sqrt(-1). 

Y = exp(1i*pi) 

Y = -1.0000 + 0.0000i 

 

 
clear all  

close all  

  mag = zeros(1,100);  

  mag(3)=1;        % spike in the magnitude at freq=3  

  mag(5)=.3;       % spike in the magnitude at freq=5  

  ph=zeros(1,100); % zero phase throughout  

  y = mag.*exp(1i*ph);  % the complex signal (fft of some real signal )  

  figure, plot(abs(y))  

  

  x = ifft(y);          % the inverse fft (x is in general complex too)  

  x1 = real(x);  % here we imagine that we can "measure" the real part of x  

  

  z = ifft(mag);        % here we just use the magnitude to do the ifft  

  z1 = real(z);  

  

  figure, plot(x1, '. - r' )   % plot the real part of the signal  

  figure,plot(z1, '. - b' )   % plot the ifft of the magnitude  
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Inverse FFT 
clear all  

close all  

  mag  = 2;     % magnitude (arbitrary units)  

  freq = 5;     % frequency in Hz  

  samp = 200;   % sampling rate in Hz  

  

  t = 0:1/samp:1 - 1/samp;  % time (1s of data)  

  N = length(t);   % store the number of time points  

  x = mag*cos(2*pi*freq*t + 10);    % the signal equation (+phase)  

  figure,  plot(t,x, '. - ' );  

  y  = fft(x);           % do Fast Fourier Transform  

  f  = linspace(0,N - 1,N);  % vector of frequencies for plotting  

  figure,  plot(f(1:N/2),abs(y(1:N/2))); % plotting half of the fft results  

  xlabel( 'Freq (Hz)' );           % labelling x - axis  

  z  = ifft (y);  

  plot(t,z, 'r -- ' );  
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2D Fourier transform: 

Matlab'daki FFT'nin 2 boyutlu versiyonuna FFT2 denir.  ƛƳŘƛ ōƛǊ ǊŜǎƳŜ н5 CƻǳǊƛŜǊ 

ŘǀƴǸǒǸƳǸƴǸ ǳȅƎǳƭŀȅŀŎŀƐƤȊΦ 
clear all  

close all  

  im=imread( 'Apricot.png' );  

  figure, imshow(im)  

  im1=im(:,:,1);  

  figure, imshow(im1)  

  

    y=fft2(im1);  

  

    clim=quantile(abs(y(:)),[.01 .99]);  

    figure  

    imagesc(fftshift(abs(y)),clim);colormap gray  

    title( 'magnitude' );  

  

    clim=quantile(angle(y(:)),[.01 .99]);  

    figure  

    imagesc(fftshift(angle(y)),clim);colormap gray  

    title( 'phase' )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sampling and aliasing 

 

VŜǊƛƭŜǊƛƴ ŀȅǊƤƪ ya da kesiktir. Örnekleme, ƎŜǊœŜƪ ǳȊŀȅŘŀ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸ ǇŜǊƛȅƻŘƛƪ 

ƻƭŀǊŀƪ ǘŜƪǊŀǊƭŀƳŀƪƭŀ ŀȅƴƤŘƤǊ ǾŜ ǘŜƪǊŀǊ ǎǸǊŜǎƛΣ ǀǊƴŜƪƭŜƳŜ süresinin tersidir.  

 

 
Tƪƛ ƪƻǎƛƴǸǎ Ŧƻƴƪǎƛȅƻƴǳƴǳƴ ǎǸǇŜǊǇƻȊƛǎȅƻƴǳƴŘŀƴ ƻƭǳǒŀƴ ōŀǎƛǘ ōƛǊ ǎƛƴȅŀƭƛ ŜƭŜ ŀƭŀƭƤƳ. Bu sinyali 

ǀǊƴŜƪƭŜƳŜ ƘƤȊƤƴŘŀ όǎǸǊŜƪƭƛ Ǝƛōƛύ simüle edelim. 

 
clear all  

close all  

  freq1 = 5;      % freq in Hz  

  freq2 = 1;      % freq in Hz  

  samp  = 1000;   % sampling rate in Hz  

  t        = 0:1/samp:1;  % time (1s of data)  

  t        = t(1:end - 1);  % remove last time point  

  N        = length(t );   % store the number of time points  

  x = cos(2*pi*freq1*t) + .5*cos(2*pi*freq2*t);    % the signal equation  

  figure  

  plot(t,x, '. - ' );  

 



 
Bǳ ǎƛƴȅŀƭ Ƴŀǘƭŀō ǘŀǊŀŦƤƴŘŀƴ ǇŜǊƛȅƻŘƛƪ ƻƭŘǳƐǳ ǾŀǊǎŀȅƤƭƤǊΣ ōǳ ƴŜŘŜƴƭŜ ǎƤƴƤǊƭƤ ōƛǊ ǎǸǊŜȅŜ ǎŀƘƛǇ 

olsa da, FFT ǘŀǊŀŦƤƴŘŀƴ ǘŜƪǊŀǊƭŀƴƤȅƻǊƳǳǒ Ǝƛōƛ ǾŜ ŘƻƭŀȅƤǎƤȅƭŀ ƎŜǊœŜƪ ōƛǊ ƪƻǎƛƴǸǎ Ŧƻƴƪǎƛȅƻƴǳ Ǝƛōƛ 

muamele görür. Bu sinyalden alt örnekler aƭŘƤƐƤƳƤȊŘŀ ƴŜ ƻƭŀŎŀƐƤƴƤ ƎǀǊŜƭƛƳΦ 

 
clear all  

close all  

  freq1 = 5;      % freq in Hz  

  freq2 = 1;      % freq in Hz  

  samp  = 1000;    % sampling rate in Hz  

  t        = 0:1/samp:1;  % time (1s of data)  

  t        = t(1:end - 1);  % remove last time point  

  N        = length(t);   % store the number of time points  

  x = cos(2*pi*freq1*t) + .5*cos(2*pi*freq2*t);    % the signal equation  

  figure  

  plot(t,x, '. - ' );  

  F = 50;    % sub - sampling frequency (Hz)  

  T = 1/F;   % sub - sampling period (sec)  

  n = N*T;   % sub - sampling period (in samples)  

  z = x(1:n:end);    % sub - sampled signal  

  y = fft(z);        % fft of sub - sampled signal  

  subN = length(z);  % length of sub - sampled signal  

  f  = linspace(0,subN - 1,subN);  % vector of frequencies for plotting  

  figure  

  plot(f(1:subN/2),abs(y(1:subN/2))) % plot powerspectrum as before  

 

 ƛƳŘƛ ŀƭǘ ǀǊƴŜƪƭŜƳŜƴƛƴ ǎƤƪƭƤƐƤƴƤ ŘŜƐƛǒǘƛǊƛƴ ǾŜ ŦƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴŜ ƴŜ ƻƭŘǳƐǳƴǳ ƎǀǊǸƴΦ млIȊ 

ŀƭǘƤƴŀ ŘǸǒǘǸƐǸƴǸȊŘŜΣ ǇƻǿŜǊǎǇŜŎǘǊǳƳϥŘŀ ȊƛǊǾŜȅƛ рIȊϥŘŜ ƪŀȅōŜǘǘƛƐƛƴƛȊƛ ƎǀǊŜōƛƭƳŜƭƛǎƛƴƛȊΦ {ƛƴȅŀƭƛ 

ŦŦǘϥŘŜƴ ȅŜƴƛŘŜƴ ȅŀǇƤƭŀƴŘƤǊƳŀƪ ǾŜ ƴŜǊŜŘŜȅǎŜ ǎǸǊŜƪƭƛ ǎǸǊǸƳƭŜ ƪŀǊǒƤƭŀǒǘƤǊƳŀƪ ƛœƛƴ ƛŦŦǘ ƛǒlevini 

ƪǳƭƭŀƴƳŀȅŀ œŀƭƤǒƤƴΦ  CҐмл ŀƭƤƴΦ 
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{ƤŦƤǊ ŘƻƭƎǳΥ 

{ƤŦƤǊ ŘƻƭƎǳȅǳ ŀƴƭŀƳŀƪ ƛœƛƴ н5 CC¢ ǾŜ Apricot resmini ƪǳƭƭŀƴŀŎŀƐƤȊΦ Tƭƪ ǀƴŎŜ ƎǀǊǸƴǘǸȅǸ 

ȅǸƪƭŜȅƛƴ ǾŜ ŘƛƐŜǊ ǇƛƪǎŜƭƭŜǊƛ ƪŀƭŘƤǊŀǊŀƪ ŀƭǘ örnekleyin: 

 
clear all  

close all  

  im=imread( 'Apricot.png' );  

  x=im(1:2:end,1:2:end,1);   

  figure  

  imshow(x)  

  y=fft2(x);  

  clim=quantile(abs(y(:)),[.01 .99]);  

  figure,  imagesc(fftshift(abs(y)),clim);colormap gray  

 

CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴde ǘŜƪǊŀǊƭŀƳŀ ǎǸǊŜǎƛ ǀǊƴŜƪƭŜƳŜ ǇŜǊƛȅƻŘǳ ƛƭŜ ǘŜǊǎ ƻǊŀƴǘƤƭƤŘƤǊΦ {ƤŦƤǊ 

ŘƻƭŘǳǊƳŀΣ ǎƛƴȅŀƭƛ ȅŜƴƛŘŜƴ ƻƭǳǒǘǳǊƳŀŘŀƴ ǀƴŎŜ CC¢ϥƴƛƴ ƘŜǊ ƛƪƛ ǘŀǊŀŦƤƴŀ ǎƤŦƤǊƭŀǊƤƴ ŜƪƭŜƴƳŜǎƛ 

ŀƴƭŀƳƤƴŀ ƎŜƭƛǊΦ aŀǘƭŀō CC¢Σ ǎƛƴȅŀƭƛƴ ǇŜǊƛȅƻŘƛƪ ƻƭŘǳƐǳƴǳ ǾŀǊǎŀȅŘƤƐƤƴŘŀƴΣ ǎƤŦƤǊƭŀƳŀ ǎƛƴȅŀƭƛΣ 

daha yüksek tekrarlama periyodu ile sinyali tekrarlamak gibidir, bu da gerçek alanda daha 

ȅǸƪǎŜƪ ǀǊƴŜƪƭŜƳŜ ƻǊŀƴƤ ŀƴƭŀƳƤƴŀ ƎŜƭƛǊΦ .ǳ ƴŜŘŜƴƭŜ ǎƤŦƤǊ ŘƻƭƎǳǎǳΣ ōƛǊ ƎǀǊǸƴǘǸȅǸ ŦǊŜƪŀƴǎ 

ŀƭŀƴƤƴƤƴ ōƛȊŜ ƛȊƛƴ ǾŜǊŘƛƐƛƴŘŜƴ ŘŀƘŀ ȅǸƪǎŜƪ œǀȊǸƴǸǊƭǸƪǘŜ ȅŜƴƛŘŜƴ ȅŀǇƤƭŀƴŘƤǊƳŀƳƤȊƤ ǎŀƐƭŀǊ ǾŜ 

ŜƴǘŜǊǇƻƭŀǎȅƻƴ ƪŀǾǊŀƳƤȅƭŀ ȅŀƪƤƴŘŀƴ ƛƭƛǒƪƛƭƛŘƛǊΦ 

 

 
    y = fftshift(y); % we need this before zero padding  

    z = ifft2(y,size (im,1),size(im,2)); % zero padded ifft  

    clim=quantile(abs(z(:)),[.01 .99]);  

    figure,imshow(abs(z),clim);colormap gray  

   

hǊƛƧƛƴŀƭ ƎǀǊǸƴǘǸȅƭŜ ƪŀǊǒƤƭŀǒǘƤǊƤƭŘƤƐƤƴŘŀΣ ŜƴǘŜǊǇƻƭŀǎȅƻƴǳƴ ƴŜŘŜƴ ƻƭŘǳƐǳ ǎŀƭƤƴƤƳƭŀǊa dikkat 

edilmelidir. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Filtering: 

.ǳǊŀŘŀ ŜǾǊƛǒƛƳ ǾŜ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸ ƪǳƭƭŀƴŀǊŀƪ ōŀǎƛǘ ōƛǊ ŘƻƐǊǳǎŀƭ ŦƛƭǘǊŜ ǳȅƎǳƭŀȅŀŎŀƐƤȊΦ 

DŜǊœŜƪ ǳȊŀȅŘŀ ŜǾǊƛǒƛƳƛƴ CƻǳǊƛŜǊ ǳȊŀȅŘŀ œŀǊǇƳŀ ƛƭŜ ŀȅƴƤ ƻƭŘǳƐǳƴǳ ǾŜ ǘŀƳ ǘŜǊǎƛƴƛ ƘŀǘƤǊƭŀȅƤƴΦ 

!ƴŎŀƪ ŜǾǊƛǒƛƳƛƴ œƻƐŀƭǘƤƭƳŀǎƤƴŘŀƴ ŘŀƘŀ ȊƻǊŘǳǊΣ ōǳ ƴŜŘŜƴƭŜ ƎŜƴŜƭƭƛƪƭŜ ǎƛƴȅŀƭƛƴ ve filtrenin 

CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸ ȅŀǇƳŀƪΣ ǎƻƴǊŀ ƛƪƛ CC¢ϥȅƛ ōƛǊƭƛƪǘŜ œƻƐŀƭǘƳŀƪ ǾŜ ǎƻƴǊŀ ǘŜǊǎ ōƛǊ CC¢ 

yapmak iyi bir fikirdir. GǀǊǸƴǘǸƴǸƴ ǾŜ ŦƛƭǘǊŜƴƛƴ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴǸ ƘŜǎŀǇƭŀȅŀƭƤƳΥ 

 

 
   siz = [3 3];   % 3x3 box. You can play with changing this  

  box = ones(siz)/9;  

  x=im(:,:,1);  

  y=fft2(x);  

  f=fft2(box,size(x,1),size(x,2));  % use zeropadding  

  z=ifft2(y.*f);  % inverse FFT of the product  

  figure,  

  clim=quantile(abs(z(:)),[.01 .99]);  

  imagesc(abs(z),clim);colormap gray  

 

Gauss filtresi oǊǘŀƭŀƳŀ ŦƛƭǘǊŜȅŜ ōŜƴȊŜǊΣ ŀƴŎŀƪ ƪǳǘǳŘŀƪƛ ŘŜƐŜǊƭŜǊƛƴ ǎŀōƛǘ ƻƭƳŀǎƤ ȅŜǊƛƴŜΣ 

ƪǳǘǳƴǳƴ ƻǊǘŀǎƤƴŘŀ ǾŜ ǾŜǊƛƭŜƴ ǎǘŀƴŘŀǊǘ ǎŀǇƳŀȅƭŀ ƻǊǘŀƭŀƴƳƤǒ ōƛǊ Dŀǳǎǎ Ŧƻƴƪǎƛȅƻƴǳƴǳ ǘŀƪƛǇ 

ŜǘƳŜƭŜǊƛ ŘƤǒƤƴŘŀΦ  ƛƳŘƛ ōŀǒƪŀ ōƛǊ ŦƛƭǘǊŜ ǘƛǇƛ ǘŀǎŀǊƭŀȅŀƭƤƳΥ ōƛǊ ƪŜƴŀǊ ŀƭƎƤƭŀƳŀ ŦƛƭǘǊŜǎƛΦ .ǳ ǘǸǊ Ŝn 

ōŀǎƛǘ ŦƛƭǘǊŜΣ ŀȅǊƤ ŀȅǊƤ ǘŜǊƛƳƭŜǊƭŜΣ ōƛǘƛǒƛƪ ǇƛƪǎŜƭƭŜǊ ŀǊŀǎƤƴŘŀƪƛ ŦŀǊƪ ƻƭŀƴ ōƛǊ ǘǸǊŜǾ ȅŀǇƳŀƪǘƤǊΦ 

 
    box = [ - 1 1];    % along x - dimension  

  box = [ - 1;1];    % along y - dimension  

  box = [ - 1 0 1];  % a slightly better filter along x  

  box = [ - 1;0;1];  % a slightly better filter along y  

  x=im(:,:,1);  

  y=fft2(x);  

  box = [ - 1 0 1]; % try with different ones if you have time  

  f=fft2(box,size(x,1),size(x,2));  % use zeropadding  

  z=ifft2(y.*f);  % inverse FFT of the product  

  figure,  

  clim=quantile(abs(z(:)),[.01 .99]);  

  imagesc(abs(z),clim);colormap gray  

 

 

 

 

 

 

 

 

 

 

 



Image reconstruction - Computed Tomography 

Tƭƪ ƻƭŀǊŀƪΣ ōƛǊ ƴŜǎƴŜȅŜ ƛƘǘƛȅŀŎƤƳƤȊ ǾŀǊΦ Tƪƛ ōƻȅǳǘǘŀ ƪŀƭŀŎŀƐƤȊ ǾŜ ǘƤōōƛ ƎǀǊǸƴǘǸƭŜƳŜŘŜ Ŝƴ ǸƴƭǸ 

ƎǀǊǸƴǘǸȅǸ ƪǳƭƭŀƴŀŎŀƐƤȊΥ {ƘŜǇǇ-Logŀƴ ŦŀƴǘƻƳǳΦ .ǳ ǊŜǎƛƳ ƻ ƪŀŘŀǊ ǇƻǇǸƭŜǊ ƪƛ aŀǘƭŀōϥƤƴ 

ƎǀǊǸƴǘǸƭŜƳŜ ŀǊŀœ ƪǳǘǳǎǳƴŀ ŘŀƘƛƭ ŜŘƛƭŘƛΣ ōǳ ȅǸȊŘŜƴ ƻƴǳ ƻƭǳǒǘǳǊŀƭƤƳΥ 

 
clear all  

close all  

  im=phantom;  

  figure, imagesc(im), colormap gray  

  R = radon(im,0);  

  figure, plot(R);  

 

 
 

 
 

 ƛƳŘƛ ŘŀƘŀ ŦŀȊƭŀ ŀœƤ ōƻȅǳƴŎŀ wŀŘƻƴ ŘǀƴǸǒǸƳǸƴŜ ōŀƪŀƭƤƳ ǾŜ ǎƻƴǳœƭŀǊƤ œƛȊŜƭƛƳΥ   
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R = radon(im,linspace(0,180,40));   % 40 angles from 0 to 180 degrees  

  figure, imagesc(R);  

 
 

 ƛƳŘƛ ǘŜǊǎ ōƛǊ wŀŘƻƴ ŘǀƴǸǒǸƳǸ ƘŜǎŀǇƭŀȅŀƭƤƳ ǾŜ ƴŜǎƴŜƴƛƴ ƴŜȅŜ ōŜƴȊŜŘƛƐƛƴƛ ƎǀǊŜƭƛƳΥ 

 
  x = iradon(R,linspace(0,180,40));  

  figure,imagesc(x),colormap gray  

 

 
TŜǊǎ wŀŘƻƴ ǘǊŀƴǎŦǊƻƳǳƴŀ ƎŜǊƛ ǇǊƻƧŜƪǎƛȅƻƴ Řŀ ŘŜƴƛǊΦ bŜǎƴŜȅƛ ȅŜƴƛŘŜƴ ȅŀǇƤƭŀƴŘƤǊƳŀȅŀ 

œŀƭƤǒǘƤƐƤƴƤȊŘŀ ōǳ ŀǊƪŀ ƛȊŘǸǒǸƳǸƴ ƎŜǊƛŘŜ ϦƛȊƭŜǊϦ ōƤǊŀƪǘƤƐƤƴƤ ŀœƤƪœŀ ƎǀǊŜōƛƭƛǊǎƛƴƛȊΦ Yŀœ ǘŀƴŜǎƛƴƛƴ 

yeteǊƭƛ ƻƭŘǳƐǳƴǳ ŀƴƭŀƳŀƪ ƛœƛƴ ŦŀǊƪƭƤ ǇǊƻƧŜƪǎƛȅƻƴƭŀǊƭŀ ȅǳƪŀǊƤŘŀƪƛƭŜǊƛ ŘŜƴŜȅƛƴΦ !ȅǊƤŎŀΣ 

ƴŜǎƴŜŘŜƪƛ ƪǸœǸƪ ŀȅǊƤƴǘƤƭŀǊƤƴ ŘǸȊƎǸƴ ōƛǊ ǒŜƪƛƭŘŜ ƪǳǊǘŀǊƤƭƳŀǎƤ ƛœƛƴ ŘŀƘŀ ŦŀȊƭŀ ŀœƤ ƎŜǊŜƪǘƛǊŘƛƐƛƴŜ 

dikkat edin. 

 

BƛƭƎƛǎŀȅŀǊƭƤ ¢ƻƳƻƎǊŀŦƛŘŜ ǀƭœǸƳ ŀǎƭƤƴŘŀ ƴŜǎƴŜƴƛƴ ·-ƤǒƤƴƤ ƘǳȊƳŜǎƛ boyunca tam olarak integrali 

ŘŜƐƛƭΣ ƤǒƤƴƭŀǊ ōƻȅǳƴŎŀ ϦŜƳƛƭƛƳϦ ƛƴ ƛƴǘŜƎǊŀƭƛŘƛǊΦ !Ƴŀ ōǳƴǳ ƎǀǊƳŜȊŘŜƴ ƎŜƭŜŎŜƐƛȊ ǾŜ ƴŜǎƴŜƴƛƴ 
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ƪǸǘƭŜǎƛƴƛƴ ƛƴǘŜƎǊŀƭƛƴƛ ǀƭœǸȅƻǊƳǳǒǳȊ Ǝƛōƛ ŘŀǾǊŀƴŀŎŀƐƤȊΦ {ƻƴǊŀ ōƛǊ ϦƳŜǘŀƭϦ ŀǊŀȅŀŎŀƐƤȊ.HŀǎǘŀƴƤƴ 

ǾǸŎǳŘǳƴǳƴ ƛœƛƴŘŜ ōƛǊ ƛƳǇƭŀƴǘ ƻƭŘǳƐǳƴŘŀ ƻƭǳǊΦ Orijinal fantom görüntüsünde bir ani 

yükselterek bunu modelleyebiliriz: 

 

 ƛƳŘƛ ǊŀŘƻƴ ŘǀƴǸǒǸƳǸƴǸ όǀƭœǸƳ ƛǒƭŜƳƛƴƛ ǎƛƳǸƭŜ ŜǘƳŜƪ ƛœƛƴύ ǾŜ ǎƻƴǊŀ ǊŀŘƻƴ ŘǀƴǸǒǸƳǸƴǸ 

όƴŜǎƴŜƴƛƴ ǀƭœǸƳƭŜǊŘŜƴ ȅŜƴƛŘŜƴ ȅŀǇƤƭŀƴŘƤǊƤƭƳŀǎƤύ œŀƭƤǒǘƤǊƤƴΦ {ƛƳǸƭŜ ŜŘƛƭƳƛǒ ƳŜǘŀƭ ƛƳǇƭŀƴǘƤƴ 

neden oƭŘǳƐǳ ōŀȊƤ œŀǊǇƤŎƤ Ŝtkileri görebilmelisiniz. 

 
  im(100,80)=100;  

  R = radon(im,linspace(0,180,100));  

  x = iradon(R,linspace(0,180,100));  

  figure,imagesc(x,[0 1]);colormap gray  

 

 

wŀŘƻƴ ŘǀƴǸǒǸƳǸΣ ǇǊƻƧŜƪǎƛȅƻƴ-ŘƛƭƛƳ ǘŜƻǊŜƳƛ ŀǊŀŎƤƭƤƐƤȅƭŀ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸ ile ilgilidir. Bu 

ǘŜƻǊŜƳΣ ōƛǊ ƴŜǎƴŜƴƛȊ ǾŀǊǎŀ όǀǊƴŜƐƛƴ н.ϥŘŜύΣ ƴŜǎƴŜȅƛ ōƛǊ œƛȊƎƛȅŜ ȅŀƴǎƤǘƳŀƴƤƴΣ ƴŜǎƴŜƴƛƴ н. 

CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸƴŘŜƴ ōƛǊ ŘƛƭƛƳ ŀƭƳŀƪƭŀ ŀȅƴƤ ƻƭŘǳƐǳƴǳ ōŜƭƛǊǘƛǊΦ 

 

 
 

bƻǘΥ ƳŜǘŀƭ ƻƭŘǳƐǳ ōƛǊ ǀƴŎŜƪƛ ǊŜǎƛƳŘŜƪƛ ǎŘŀƛǊŜƴƛƴ ŘƤǒƤƴŘŀƪƛ ǎŀœƤƭƳŀƭŀǊŘŀƴ ŀƴƭŀǒƤƭƳŀƪǘŀŘƤǊΦ 
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4. Laplace Transformation  
 

[ŀǇƭŀŎŜ ŘǀƴǸǒǸƳǸ ŘƛŦŜǊŀƴǎƛȅŜƭ ŘŜƴƪƭŜƳƭŜǊƛƴ œǀȊǸƳǸƴŘŜ ƻǊǘŀȅŀ œƤƪƳŀƪǘŀŘƤǊΥ  

¶ BƛǊ ŘƛŦŜǊŀƴǎƛȅŜƭ ŘŜƴƪƭŜƳƛ ŎŜōƛǊǎŜƭ ōƛǊ ŘŜƴƪƭŜƳŜ ŘǀƴǸǒǘǸǊǸǊΦ .ǀȅƭŜŎŜΣ ŘŀƘŀ ōŀǎƛǘ 

ŎŜōƛǊǎŜƭ ŘŜƴƪƭŜƳƭŜǊƛ œǀȊŜǊŜƪ ǾŜ ǎƻƴǊŀ ŘǀƴǸǒǘǸǊƳŜȅƛ ǘŜǊǎƛƴŜ œŜǾƛǊŜǊŜƪΣ ŘƛŦŜǊŀƴǎƛȅŜƭ 

denkleme bir çözüm üretebiliriz.  

¶ BƛǊ ǊŀǎǘƎŜƭŜ ŘŜƐƛǒƪŜƴƛƴ ƳƻƳŜƴǘ ǸǊŜǘƳŜ ŦƻƴƪǎƛȅƻƴǳΣ ȅƻƐǳƴƭǳƐǳƴun Laplace 

ŘǀƴǸǒǸƳǸ ƛƭŜ ƛƭƎƛƭƛŘƛǊ ό-ǎ ƛƭŜ ŘŜƐƛǒǘƛǊŜǊŜƪύ ǾŜ ǘƻǇƭŀƳƤƴ ȅƻƐǳƴƭǳƐǳƴǳ ŘƛƪƪŀǘŜ ŀƭƤǊƪŜƴ 

ȅŀǊŀǊƭƤ ƻƭŀōƛƭƛǊ œǸƴƪǸ ōƛǊ ƪƻƴǾƻƭǸǎȅƻƴǳƴ [ŀǇƭŀŎŜ ŘǀƴǸǒǸƳǸ ƻƴƭŀǊƤƴ [ŀplace 

ŘǀƴǸǒǸƳƭŜǊƛƴƛƴ ǸǊǸƴǸŘǸǊΦ  

 

CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸΣ ǎŀŘŜŎŜ ǎƛƴǸǎ ǾŜ ƪƻǎƛƴǸǎ ǘŜƳŜƭ ƛǒƭŜǾƭŜǊƛ ƪǳƭƭŀƴƤƭŀǊŀƪ ǎŜƴǘŜȊƭŜƴŜōƛƭŜƴ 

ǎƛƴȅŀƭƭŜǊƛ ŀƴŀƭƛȊ ŜǘƳŜƪ ƛœƛƴ ȅŜǘŜǊƭƛŘƛǊΦ !ƴŎŀƪΣ ǎƛƴȅŀƭƛƴ ǸǎǘŜƭ ōƛƭŜǒŜƴƭŜǊƛ ƻƭŘǳƐǳƴǳ 

ōǳƭŘǳƐǳƳǳȊŘŀΣ ǀǊƴŜƐƛƴΣ ȊŀƳŀƴ ƛœƛƴŘŜ ǸǎǎŜƭ ƻƭŀǊŀƪ ŘŜƐƛǒƪŜƴƭƛƪ ƎǀǎǘŜǊŜƴ ǎƛƴǸǎ ŘŀƭƎŀǎƤ ƛœƛƴΣ 

ōǳΣ ŦƻǳǊƛŜǊϥƛƴ ǾŜǊŘƛƐƛ ōƛȊŜ ǎŀŘŜŎŜ ȅŀǊƤƳ ōƛƭƎƛΦ .ǀȅƭŜ durumlarda kaybolur. Bu tür durumlarda 

ƭŀǇƭŀŎŜ ŘǀƴǸǒǸƳǸ ȊƻǊǳƴƭǳŘǳǊΦ 

 

[ŀǇƭŀŎŜΣ ŦƛƭǘǊŜ ǘŀǎŀǊƤƳƤƴŘŀ ǾŜ ŀƴŀƭƻƎ ŘŜǾǊŜƭŜǊƛƴ ŀƴŀƭƛȊƛƴŘŜ ȅŀȅƎƤƴ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƤǊΦ 

[ŀǇƭŀŎŜΣ ƘŀƴƎƛ ǸǎǎŜƭ ƪƻǒǳƭƭŀǊƤƴ ƪǳƭƭŀƴƤƭƳŀǎƤ ƎŜǊŜƪǘƛƐƛƴŜ ƪŀǊŀǊ ǾŜǊŜōƛƭƛǊΣ ōǀȅƭŜŎŜ ǎƛǎǘŜƳƛƳƛȊ 

ōƛǊƭŜǒƛǊ ǾŜ ŀȅƴƤ ȊŀƳŀƴŘŀ ǎŀōƛǘ ƪŀƭƤǊΦ 

 

AƴƛŘŜƴ ōŀǒƭŀȅŀƴ ǾŜȅŀ ōƛǘŜƴ ƘŜǊƘŀƴƎƛ ōƛǊ ǒŜȅƛ ŀƴŀƭƛȊ ŜǘƳŜƪ ƛǎǘŜǊǎŜƴƛȊΣ [ŀǇƭŀŎŜ 

ŘǀƴǸǒǸƳǸƴŘŜƴ ōǸȅǸƪ ǀƭœǸŘŜ ŦŀȅŘŀƭŀƴƤǊǎƤƴƤȊΦ .ǳ ƎŜœƛǒƭŜǊŜ ǎƛǎǘŜƳ ŎŜǾŀōƤ Ǝƛōƛ ƎŜǊœŜƪ 

ǳȅƎǳƭŀƳŀƭŀǊŘŀ œƻƪ ƪŀǊǒƤƭŀǒƤƭƤǊΦ !ƪǎƛƴŜΣ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸΣ ōƛǊ [ŀǇƭŀŎŜ ŘǀƴǸǒǸƳǸƴǸƴ 

ǇǊƻōƭŜƳƛ ōǸȅǸƪ ǀƭœǸŘŜ ōŀǎƛǘƭŜǒǘƛǊŘƛƐƛ ŀǎƛƳŜǘǊƛƪ ŦŜƴƻƳŜƴƭŜǊƭŜ ǳƐǊŀǒƤǊƪŜƴ œƻƪ ǾŜǊƛƳǎƛȊŘƛǊΦ .ǳΣ 

[ŀǇƭŀŎŜϥƤƴ œƻƪ ǀƴŜƳƭƛ ōƛǊ ŀƴŀƭƛǘƛƪ ŀǊŀŎƤ ŘǀƴǸǒǘǸǊƳŜǎƛƴƛ ǎŀƐƭŀǊΦ 

 

[ŀǇƭŀŎŜ ǘŀƴǎŦƻǊƳŀǎȅƻƴǳ ŘƻƐǊǳǎŀƭ ǎƛǎǘŜƳƭŜǊƛ ǘŀƴƤƳƭŀƳŀƪ ƛœƛƴ ȅŀȅƎƤƴ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊΦ 

TǸǊŜǾƭŜǊƛ ƛœŜǊŜƴ ŘŀƐƤƴƤƪ ŘŜƴƪƭŜƳƭŜǊƛ ŎŜōƛǊǎŜƭ ŘŜƴƪƭŜƳƭŜǊŜ ŘǀƴǸǒǘǸǊŜōƛƭƛǊΦ 9ƐŜǊ ǎƛǎǘŜƳ ōƛǊ 

ƎƛǊƛǒŜ ǾŜ ōƛǊ œƤƪƤǒŀ ǎŀƘƛǇǎŜΣ œƤƪƤǒƤƴ ƎƛǊƛǒƛƴ ōƛǊ Ŧƻƴƪǎƛȅƻƴǳ ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƴŘƤƐƤ ŘǳǊǳƳƭŀǊŘŀΣ ƻƴǳ 

ǎ Ŝǘƪƛ ŀƭŀƴƤƴŀ όƭŀǇƭŀŎŜ ƪǳƭƭŀƴŀǊŀƪύ ŘǀƴǸǒǘǸǊŜōƛƭƛǊ ǾŜ ǎƛǎǘŜmi bir transfer fonksiyonu ile 

ǘŀƴƤƳƭŀȅŀōƛƭƛǊǎƛƴƛȊΦ · όǎύ ϥƛƴ ƎƛǊŘƛ ƻƭŘǳƐǳƴǳΣ ¸ όǎύϥ ƴƛƴ œƤƪƤǒ ƻƭŘǳƐǳƴǳ ǾŜ I όǎύ ϥƴƛƴ ǘǊŀƴǎŦŜǊ 

Ŧƻƴƪǎƛȅƻƴǳ ƻƭŀǊŀƪ ōƛƭƛƴŜƴ ǒŜȅ ƻƭŘǳƐǳƴǳ ǾŀǊǎŀȅŀƭƤƳΦ {ƛǎǘŜƳ œƤƪƤǒƤ ¸ όǎύ Ґ I όǎύ ϝ · όǎύ ƻƭŀǊŀƪ 

ǘŀƴƤƳƭŀƴŀōƛƭƛǊΦ Transfer fonksiyonu ¸ όǎύ κ · όǎύ ƛƭŜ Ŝǒƛǘ ƻƭŀŎŀƪǘƤǊΦ .ǳ ǀƴŜƳƭƛ ƎǀǊǸƴƳŜȅŜōƛƭƛǊΣ 

ŀƴŎŀƪ ōƛǊ ǎƛǎǘŜƳƛƴ ǘǊŀƴǎŦŜǊ Ŧƻƴƪǎƛȅƻƴǳ ōǳƭǳƴŘǳƐǳƴŘŀΣ ōƛȊŜ ǎǀȅƭŜƴŜƴ ǎƛǎǘŜƳƛƴ œƻƪ ŦŀȊƭŀ ōƛǊ 

ƪƤǎƳƤƴƤ ǎǀȅƭŜȅŜōƛƭƛǊΦ ¢ǊŀƴǎŦŜǊ Ŧƻƴƪǎƛȅƻƴǳƴǳƴ Ǉŀȅ ǾŜ ǇŀȅŘŀǎƤ ŦŀƪǘǀǊƛȊŜ ŜŘƛƭƛǊǎŜΣ ōƛǊ ƪǳǘǳǇ-ǎƤŦƤǊ 

ǘŀƴƤƳƤ yaǇƤƭŀōƛƭƛǊΦ {ƛǎǘŜƳƛƴƛȊ ȅǸƪǎŜƪ ŦǊŜƪŀƴǎƭŀǊƤ ǎǀƴŘǸǊƳŜƪ ƛœƛƴ ȅŀǇƤƭƳƤǒ ōƛǊ ŜƭŜƪǘǊƛƪ ŘŜǾǊŜǎƛ 

ƛǎŜΣ ŘǸǒǸƪ ƎŜœƛǒ ŦƛƭǘǊŜǎƛΣ ǎŀŘŜŎŜ ƪǳǘǳǇ-ǎƤŦƤǊ œƛȊƛƳƛ ŦƛƭǘǊŜƴƛƴ ōŜƭƛǊƭƛ ŦǊŜƪŀƴǎƭŀǊŀ ƴŀǎƤƭ ǘŜǇƪƛ 



ǾŜǊŘƛƐƛƴƛ ǎƛȊŜ ǎǀȅƭŜȅŜōƛƭƛǊΦ .ǳΣ ƭŀǇƭŀŎŜ ŘǀƴǸǒǸƳǸƴǸƴ ǎŀŘŜŎŜ ƪǸœǸƪ ōƛǊ ǳȅƎǳƭŀƳŀǎƤŘƤǊΣ ŀƴŎŀƪ 

ōƛǊœƻƪ ƳǸƘŜƴŘƛǎƭƛƪ ŘŀƭƤƴŘŀ ƪǳƭƭŀƴƤǒƭƤ ƻƭŀōƛƭŜƴ ǘǊŀƴǎŦŜǊ ŦƻƴƪǎƛȅƻƴƭŀǊƤ ƛƭŜ ƭƛƴŜŜǊ ǎƛǎǘŜƳƭŜǊƛƴ 

ǘŀƴƤƳƭŀƴƳŀǎƤƴƤ ǎŀƐƭŀǊΦ 

 

¶ {ƛǎǘŜƳƭŜǊƛƴΣ ǎŀŘŜŎŜ ōƛǊ ŦǊŜƪŀƴǎ ǾŜȅŀ ȊŀƳŀƴ ŀƭŀƴƤ ǾŜǊƛƭŜǊƛ ȅŜǊƛƴŜΣ ǎƛƴǳǎƻƛŘƭŜǊ ǾŜ 

ǸǎǘŜƭƭŜǊ Ǝƛōƛ ŘƻƐŀƭ ōƛƭŜǒŜƴƭŜǊ ŀœƤǎƤƴŘŀƴ ŀƴŀƭƛȊ ŜŘƛƭƳŜǎƛƴŜ ȅŀǊŘƤƳŎƤ ƻƭǳǊΦ 

¶ ¸ƻƐǳƴ ŀƪǘŀǊƤƳ ƛǒƭŜǾƛƴƛΣ ƪǳǘǳǇƭŀǊ ǾŜ ǎƤŦƤǊƭŀǊ ŎƛƴǎƛƴŘŜƴ ǘŀƴƤƳƭŀƴŀōƛƭŘƛƐƛ ǾŜ ǎŜȊƎƛǎŜƭ 

ƻƭŀǊŀƪ ǎƛǎǘŜƳƛƴ ƪŀǊŀǊƭƤƭƤƐƤƴƤΣ ŀǒƤƭƳŀǎƤƴƤ ǾŜȅŀ ƎǸǊǸƭǘǸǎǸƴǸ ǘŀƘƳƛƴ ŜǘƳŜŘŜ ȅŀǊŘƤƳŎƤ 

olan uygun bir alana (S-Ŝǘƪƛ ŀƭŀƴƤύ œŜǾƛǊƛǊΦ 

¶ CƻǳǊƛŜǊ 5ǀƴǸǒǸƳǸΣ ǒƛŦǊŜƭƛ ōƛǊ ŘǀƴǸǒǸƳǸ œƻƪ ŘŀƘŀ ƪƻƭŀȅ ōƛǊ œŀǊǇƤƳŀ ŘǀƴǸǒǘǸǊǸǊƪŜƴΣ 

ōƛǊ [ŀǇƭŀŎŜ 5ǀƴǸǒǸƳǸΣ {-Ŝǘƪƛ ŀƭŀƴƤƴŘŀ ōŀǎƛǘ ōƛǊ ǇƻƭƛƴƻƳ ŎŜōƛǊƛ ƛƭŜ ȅƻƐǳƴ ōƛǊ 

ŘƛŦŜǊŀƴǎƛȅŜƭ ŘŜƴƪƭŜƳƛƴ œǀȊǸƭƳŜǎƛƴŜ ȅŀǊŘƤƳŎƤ ƻƭǳǊΦ 

¶ ¸ƛƴŜƭŜƳŜƭƛ ŦƛƭǘǊŜƭŜǊƛƴ ƪŀǊŀǊƭƤƭƤƐƤƴƤ ŀƴŀƭƛȊ ŜǘƳŜƪ ƛœƛƴ 5{tϥŘŜ temel olan Z-5ǀƴǸǒǸƳǸΣ 

[ŀǇƭŀŎŜ 5ǀƴǸǒǸƳǸϥƴǸƴ ȅŀƪƤƴ ŀƪǊŀōŀǎƤŘƤǊΦ 
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Theorem: The conditions for the existence of Laplace transform of f (t) are 

(1) f (t) is piecewise continuous in every finite interval. 

(2) f (t) is an exponential order function. 

 

[ŀǇƭŀŎŜ 5ǀƴǸǒǸƳƭŜǊƛ 

1) Dinamik ve kontrolde standart gösterimi όƪƤǎŀ ƎǀǎǘŜǊƛƳύ ǎŀƐƭŀǊΦ 

2) aŀǘŜƳŀǘƛƪ ŎŜōƛǊǎŜƭ ƛǒƭŜƳƭŜǊŜ ŘǀƴǸǒǘǸǊǸǊ. 

3) .ƭƻƪ ŘƛȅŀƎǊŀƳ ŀƴŀƭƛȊƛ ƛœƛƴ ŀǾŀƴǘŀƧƭƤŘƤǊ. 

 

[ŀǇƭŀŎŜ ŘǀƴǸǒǸƳƭŜǊƛ ǇǊƻǎŜǎ ƪƻƴǘǊƻƭǸƴŘŜ ƪǳƭƭŀƴƤƭŀōƛƭƛǊΥ 

1) 5ƛŦŜǊŀƴǎƛȅŜƭ ŘŜƴƪƭŜƳƭŜǊƛƴ œǀȊǸƳǸ όŘƻƐǊǳǎŀƭύ 

2) 5ƻƐǊǳǎŀƭ ƪƻƴǘǊƻƭ ǎƛǎǘŜƳƭŜǊƛƴƛƴ ŀƴŀƭƛȊƛ όŦǊŜƪŀƴǎ ŎŜǾŀōƤύ 

3) CŀǊƪƭƤ ƎƛǊŘƛƭŜǊ ƛœƛƴ ƎŜœƛŎƛ ȅŀƴƤǘƤƴ ǘŀƘƳƛƴƛ 

 

 



 

4.1. Laplace Transform of Basic Functions 
 

 

Original function Transformed function  Original function Transformed function 
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4.2. Laplace Transform of Special Functions 
 

1. Unit step function (Heaviside function) 
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2. Unit impulse function (Dirac delta function) 
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3. Unit double function 
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4.3.  Properties of Laplace Transform 
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3. Scaling 
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Find the Laplace transform of cos2t. 
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4. Derivative 

(a) Derivative of original function 

L [f ¡(t)] = ññ
¤

-
¤

-
¤

- --=¡
000

)()()()( dtetfsetfdtetf ststst   

(1) If f (t) is continuous, equation reduces to  

L [f ¡(t)] = -f(0) + sF(s) = sF(s) - f(0) 

(2) If f (t) is not continuous at t = a, equation reduces to  

L [f ¡(t)] = )()()(
0

ssFetfetf
a

st
a

st ++
¤

--

+

-

= [f(a
-
) e
-sa

 - f(0)] + [0 - f(a
+
) e
-sa

]  + sF(s) 

= sF(s) - f (0) - e
-sa

 [f (a
+
) - f (a

-
)] 

(3) Similarly, if f (t) is not continuous at t = a1, a2, ʐ,ʐ, an, equation reduces to  

L [f ¡(t)] = ä
=

-+-
---

n

i

ii

sa
afafefssF i

1

)]()([)0()(  

[Deduction] If f (t), f ¡(t) , f ±(t), ʐ, f
 (n-1)

(t) are continuous, and f
 (n)

(t) is piecewise continuous, 

and all of them are exponential order functions, then 

L [f
 (n)

(t)] = ä
=

---
n

i

iinn fssFs
1

)1( )0()(  

 

(b) Derivative of transformed function 

)]()[()()(])([)(
)(

000
tftdtetftdtetf

s
dtetf

ds

d

ds

sdF ststst -=-=
µ

µ
== ñññ

¤
-

¤
-

¤
- L  

)]()[(
)(

][Deduction tft
ds

sFd n

n

n

-=L  

 

Question: 

Find the Laplace transform of te
t
. 

2)1(

1

1

1
)(

1

1
)(:Solution

-
=ö
÷

õ
æ
ç

å

-
-=Ý

-
=

ssds

d
te

s
e tt LL  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Question: 

)]([find,
1,0

10,
)(

2

tf
t

tt
tf ¡
í
ì
ë

>

¢¢
= L . 

)
22

(
2

)10(0)]1
22

(
2

[

)]1()1([)0()()]([

)
11

2
2

(
2

)}1(]1)1(2)1{[(
2

)}1(]1)1{[(
!2

)]1([)]([)]([

)]1()([)(:Solution

2222

233

2

3

2

3

22

2

ss
e

s
e

ss
e

s

ffefssFtf

sss
e

s

tutt
s

tut
s

tuttuttf

tututtf

sss

s

s

+-=---++-=

---=¡

++-=

-+-+--=

-+--=--=

--=

---

-+-

-

L

L

LLLL

 

 

5. Integration 

(a) Integral of original function 
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6. Convolution theorem 
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7. Periodic Function: f (t + T) = f (t) 
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8. Initial Value Theorem: 
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9. Final Value Theorem: 
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4.4. Inverse Laplace Transform 
 

1. Linearity  
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3. Scaling 
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3. Q(s) = 0 with unrepeated factor (s - a)
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V. Method of Differential Equation 
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VI. Apply the Theory of Complex Variables 
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4.5.  Solve Differential Equations 
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II. Ordinary Differential Equations with Variable Coefficients  
Question: 
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III. Simultaneous Ordinary Differential Equations  
Question: 
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4.6. Dynamic Systems 
 

 

 

 
Static system: y(t) = ax(t) => easy (simple processing) 

 

Dynamic system: 

)(...
)(

)(...
)()( )(

01

)1(

1

)(

txb
dt

tdx
btya

dt

tdy
a

dt

tdy
mm

m

nn

n

n

n

++=+++
-

-

 

 

Örnek: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dynamic 

System 

x(t)     input y(t)   output 

A processor which 

processes the input 

signal to produce the 

output 
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4.7. Uygulamalar 
 

Soru:  

ǘҔл ƛœƛƴ [ŀǇƭŀŎŜ ŘǀƴǸǒǸƳƴǸ ƪǳƭƭŀƴŀǊŀƪ ŀǒŀƐƤŘŀ ǾŜǊƛƭƳƛǒ ƻƭŀƴ  ƛόǘύ ŀƪƤƳ ŘŜƐŜǊƛ ōǳƭǳƴŀŎŀƪǘƤǊ. 

 
 

a) YƛǊŎƘƘƻŦŦ DŜǊƛƭƛƳ ¸ŀǎŀǎƤƴŀ ƎǀǊŜ ŀǒŀƐƤŘŀƪƛ ŘŜƴƪƭŜƳ ȅŀȊƤƭŘƤƐƤƴŘŀƴ ŘŜǾǊŜŘŜ ƪǳƭƭŀƴƤƭŀƴ 

ŜƭŜƳŀƴ ŘŜƐŜǊƭŜǊƛƴƛ ȅŜǊƛƴŜ ƪƻȅŀǊŀƪ ŘŜƴƪƭŜƳƛ ŘǸȊŜƴƭŜȅƛƴƛȊΦ 

 

 
b) 5ǸȊŜƴƭŜŘƛƐƛƴƛȊ ŘƛŦŜǊŀƴǎƛȅŜƭ ŘŜƴƪƭŜƳƛ [ŀǇƭŀŎŜ  ŘǀƴǸǒǸƳǸƴƛ ȅŀȊƤƴƤȊΦ ¢ƻǇƭŀƳƤƴ [ŀǇƭŀŎŜ 

ŘǀƴǸǒǸƳǸ ǘƻǇƭŀƳƤ ƻƭǳǒǘǳǊŀƴ ōƛƭŜǒŜƴƭŜǊƛƴ [ŀǇƭŀŎŜ ŘǀƴǸǒǸƳƭŜǊƛƴƛƴ ǘƻǇƭŀƳƤƴŀ ŜǒƛǘǘƛǊΦ 

 

 

 

 
c)  

 
ƻƭŘǳƐǳƴŀ ƎǀǊŜ  Lόǎύ ƛŦŀŘŜǎƛƴƛ άǎέ ŎƛƴǎƛƴŘŜƴ ōǳƭǳƴǳȊΦ 

 



 
 

d) ¢ŜǊǎ [ŀǇƭŀŎŜ ŘǀƴǸǒǸƳǸƴŘŜƴ  i(t) ifadesini bulunuz. 

 

 
 

 

Soru:  

!ǒŀƐƤŘŀƪƛ  [ŀǇƭŀŎŜ ŘǀƴǸǒǸƳǸ verilen x(s) fonksiyonun Ters  [ŀǇƭŀŎŜ ŘǀƴǸǒǸƳǸƴǸ ōǳƭǳƴǳȊΦ 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 



Soru:  

YƛǊŎƘƘƻŦŦΩǳƴ ŀƪƤƳ ȅŀǎŀǎƤƴŀ ƎǀǊŜ  ōƛǊ ŘŜǾǊŜŘŜ ŀǒŀƐƤŘŀƪƛ ŘŜƴƪƭŜƳ ȅŀȊƤƭƳƤǒǘƤǊΦ 

 

 
5ŜƴƪƭŜƳƭŜǊƛȅƭŜ ǾŜǊƛƭŘƛƐƛƴŜ ƎǀǊŜ ƛ0 (t) denkleminde yerine koyunuz, y(t) gerilim sinyali 

ƻƭŘǳƐǳƴŀ ƎǀǊŜ yi bulunuz. 

 

Eample: RLC Circuits  

An Example of the Application of Laplace Transforms 

 
Kirchoff's voltage law 

 
 

Kirchoff's voltage law transformed 

 

where  

Example 1 - A series RLC circuit excited by a unit impulse function - that is to say 

 
(The unit impulse always gives the "natural response" of any circuit.  Natural as compared 

to "forced" response.) 



 
   

This is to be compared to the transform pair 

 

 

 

 

where  

  

 

 



Örnek: 

The Laplace Transform of f(t) is given by,  Find the final value of equation 

using final value theorem as well as conventional method of finding final value. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.electrical4u.com/laplace-transformation/


Örnek: 

Find the Inverse Laplace Transformation of function,  

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.electrical4u.com/laplace-transformation/


Örnek: 

Find the Inverse Laplace transformation of  

 

F(s) can be rewritten as,  

 

 

Örnek: 

Find the Inverse Laplace transformation of  

 

F(s) can be rewritten as,  

 

 

 

 

 

 

 



Örnek: 

 Express the differential equation in Laplace transformation form 

 

  
 

 

Örnek: 

Express the differential equation in Laplace transformation form 

 

 
 

 

 

 

 

 

 

 

 

https://www.electrical4u.com/laplace-transformation/


Örnek: 

Where, F(s) is the Laplace form of a time domain function f(t). Find the expiration of f(t).  

 

 

 

 
 

Inverse Laplace Transformation of F(s), is  

 
 

Örnek: 

Find Inverse Laplace Transformation function of 

  

 

 

 



 
 

Örnek: 

Solve the differential equation  

 

 
  

 
 



 
 

 

4) Solve the differential equation,  

 

 
 

 
 

 
 

 



 
 

5) For circuit below, calculate the initial charging current of capacitor using Laplace 

Transform  

 
 

The above figure can be redrawn in Laplace form, 

 
 

  
 

 



6) Solve the electric circuit by using Laplace transformation for final steady-state current 

 
 

Answer 

The above circuit can be analyzed by using Kirchhoff Voltage Law and then we get 

Final value of steady-

state current is 7) A system is  

represented by the relation Where, R(s) is the Laplace form of 

unit  

ǎǘŜǇ ŦǳƴŎǘƛƻƴΦ CƛƴŘ ǘƘŜ ǾŀƭǳŜ ƻŦ Ȅόǘύ ŀǘ ǘ Ҧ қΦ 

As R(s) is the Laplace form of unit step function, it can be written as 

 

  
 

 

https://www.electrical4u.com/electric-circuit-or-electrical-network/
https://www.electrical4u.com/kirchhoff-current-law-and-kirchhoff-voltage-law/


8) Find f(t), f'(t) and f"(t) for a time domain function f(t). The Laplace Transformation form of 

the function is given as By applying initial value theorem, we 

get, 

Applying Initial Value Theorem, we 

get,  

 

 

 

 

 

 

 

 

 



5. Z-Transformation  
 

5.1. Properties of the Z- transform 
For the following 
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¶ Linearity: 

Z{afn + bgn} = aF(z) + bG(z).  and ROC is Rf 1Rg 

which follows from definition of z-transform. 

 

¶ Time Shifting 

If we have 
[] ()zFnf Ú

 then 
[ ] ()zFznnf

n0

0

-
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The ROC of Y(z) is the same as F(z) except that there are possible pole additions or deletions 

at z = 0 or z = ¤. 

Let 
[] [ ]0nnfny -=

then 
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Assume k = n- n0 then n=k+n0, substituting in the above equation we have: 
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¶ Multiplication by an Exponential Sequence 

Let 
[] []nfzny n

0=  then 
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The consequence is pole and zero locations are scaled by z0. If the ROC of FX(z) is rR < |z| < 

rL, then the ROC of Y(z) is 

rR < |z/z0| < rL, i.e., |z0| rR < |z| < | z0| rL 
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The consequence is pole and zero locations are scaled by z0. If the ROC of X(z) is rR<| z| < rL, 

then the ROC of Y(z) is 

rR < |z/z0| < rL, i.e., |z0| rR < |z| < | z0| rL 



 

¶ Differentiation of X(z) 

If we have 
[] ()zFnf Ú

 then 
[]
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z

zdF
zznnf -½­«

 and ROC = Rf 
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¶ Conjugation of a Complex Sequence 

If we have 
[] ()zFnf Ú

 then [] ()*** ½­« zFznf  and ROC = Rf 

Proof: 

Let y[n] = f * [n], then 
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¶ Time Reversal 

If we have 
[] ()zFnf Ú

 then [ ] ( )*** ½­«- zFznf 1  

Let y[n] = f * [-n], then 
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If the 

ROC of F(z) is rR < |z| < rL, then the ROC of Y(z) is 

LR rzr << *1
          i.e.,              LR r

z
r

11
>>

 

When the time reversal is without conjugation, it is easy to show 

[ ] ( )zFznf 1½­«-     and ROC is LR r
z

r

11
>>

 

 

A comprehensive summery for the z-transform properties is shown in Table 2 

 



Table: Summery of z-transform properties 

 
Example: Find the z transform of 3n + 2 × 3n. 

From the linearity property 

Z{3n + 2 × 3n} = 3Z{n} + 2Z{3n} 

and from the Table 1 
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(rn with r = 3). Therefore 

Z{3n + 2 × 3n}=( ) ( )3
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Example: Find the z-transform of each of the following sequences: 

(a) x(n) = 2nu(n) + 3(½)nu(n) 

(b) x(n) = cos(nw 0)u(n). 

(a) Because x(n) is a sum of two sequences of the form a nu(n), using the linearity 

property of the z-transform, and referring to Table 1, the z-transform pair 
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(b) For this sequence we write 

x(n) = cos(nw 0) u(n) = ½(e jnw 0 + e -jnw 0) u(n) 

Therefore, the z-transform is 
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with a region of convergence |z| >1. Combining the two terms together, we have 
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5.2. The Inverse z-Transform 
The z-transform is a useful tool in linear systems analysis. However, just as important as 

techniques for finding the z-transform of a sequence are methods that may be used to 

invert the z-transform and recover the sequence x(n) from X(z). Three possible approaches 

are described below. 

 

¶ Partial Fraction Expansion 

For z-transforms that are rational functions of z, 

 
a simple and straightforward approach to find the inverse z-transform is to perform a partial 

fraction expansion of X(z). Assuming that p > q, and that all of the roots in the denominator 

are simple, a i ̧  a k for i ̧  k, X(z) may be expanded as follows: 

 
for some constants Ak for k = 1,2, . . . , p. The coefficients Ak may be found by multiplying 

both sides of Eq. (3) by (1 - a k z
-1) and setting z = a k . The result is 

 
 

If p ¢ q, the partial fraction expansion must include a polynomial in z-1of order (p-q). The 

coefficients of this polynomial may be found by long division (i.e., by dividing the numerator 

polynomial by the denominator). For multiple-order poles, the expansion must be modified. 

For example, if X(z) has a second-order pole at z = a k, the expansion will include two terms, 

 
where B1, and B2 are given by 

 
 

 

 

 

 

Eq(3) 



Example: Suppose that a sequence x(n) has a z-transform 

 

 
With a region of convergence |z|  > ½ . Because p = q = 2, and the two poles are simple, the 

partial fraction expansion has the form 

 
The constant C is found by long division: 

 
Therefore, C = 2 and we may write X(z) as follows: 

 
Next, for the coefficients A1 and A2 we have 

 
and 

 
Thus, the complete partial fraction expansion becomes 

 
Finally, because the region of convergence is the exterior of the circle |z| > 1, x(n) is the 

right-sided sequence 

 
 

 

 

 

 

 

 



¶ Power Series 

The z-transform is a power series expansion, 

 
where the sequence values x(n) are the coefficients of z -n in the expansion. Therefore, if we 

can find the power series expansion for X(z), the sequence values x(n) may be found by 

simply picking off the coefficients of z ςn. 

 

Example: Consider the z-transform 

 
 

Solution: 

The power series expansion of this function is 

 
Therefore, the sequence x(n) having this z-transform is 

 
 

 

¶ Contour Integration 

Another approach that may be used to find the inverse z-transform of X(z) is to use contour 

integration. This procedure relies on Cauchy's integral theorem, which states that if C is a 

closed contour that encircles the origin in a counterclockwise direction, 

 
With 

 
Cauchy's integral theorem may be used to show that the coefficients x(n) may be found 

from X(z) as follows: 

 
where C is a closed contour within the region of convergence of X(z) that encircles the origin 

in a counterclockwise direction. Contour integrals of this form may often by evaluated with 

the help of Cauchy's residue theorem, 



 
If X(z) is a rational function of z with a first-order pole at z = a k, 

 
 

Contour integration is particularly useful if only a few values of x(n) are needed. 

 

Example: 

Find the inverse of each of the following z-transforms: 

 
a) Because X(z) is a finite-order polynomial, x(n) is a finite-length sequence. Therefore, 

x(n) is the coefficient that multiplies z-1 in X(z). Thus, x(0) = 4 and x(2) = x(-2) = 3. 

b) This z-transform is a sum of two first-order rational functions of z. Because the 

region of convergence of X(z) is the exterior of a circle, x(n) is a right-sided sequence. 

Using the z-transform pair for a right-sided exponential, we may invert X(z) easily as 

follows: 

 
c) Here we have a rational function of z with a denominator that is a quadratic in z. 

Before we can find the inverse z-transform, we need to factor the denominator and 

perform a partial fraction expansion: 

 
Because x(n) is right-sided, the inverse z-transform is 

 
d) One way to invert this z-transform is to perform a partial fraction expansion. With 

 



the constants A, B1 , and B2 are as follows: 

 
Inverse transforming each term, we have 

 
 

Example: 

Find the inverse z-transform of the second-order system 

 
Here we have a second-order pole at z = ½. The partial fraction expansion for X(z) is 

 
The constant A1 is 

 
and the constant A2 is 

 
Therefore, 

 
and 

 
 

 

 

 

 

 

 

 

 

 



 

Example: 

Find the inverse z-transform of X(z) = sin z. 

To find the inverse z-transform of X(z) = sin z, we expand X(z) in a Taylor series about z = 0 as 

follows: 

 
Because 

 
we may associate the coefficients in the Taylor series expansion with the sequence values 

x(n). Thus, we have 

 
 

Example: 

Evaluate the following integral: 

 
where the contour of integration C is the unit circle. 

Recall that for a sequence x(n) that has a z-transform X(z), the sequence may be recovered 

using contour integration as follows: 

 
Therefore, the integral that is to be evaluated corresponds to the value of the sequence x(n) 

at n = 4 that has a z-transform 

 
Thus, we may find x(n) using a partial fraction expansion of X(z) and then evaluate the 

sequence at n = 4. With this approach, however, we are finding the values of x(n) for all n. 

Alternatively, we could perform long division and divide the numerator of X(z) by the 

denominator. The coefficient multiplying z -4 would then be the value of x(n) at n = 4, and 

the value of the integral. However, because we are only interested in the value of the 

sequence at n = 4, the easiest approach is to evaluate the integral directly using the Cauchy 

integral theorem. The value of the integral is equal to the sum of the residues of the poles of 

X(z)z3 inside the unit circle. Because 



 
has poles at z =1/2 and z =2/3, 

 
and 

 
Therefore, we have 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5.3. !ȅǊƤƪ ½ŀƳŀƴƭƤ {ƛǎǘŜƳƭŜǊƛƴ Z-Modelleri 
First let us consider a discrete-time system as an interconnection of only three basic 

components: the delay elements, multipliers, and adders. The inputςoutput relationships 

for these components and their symbols are shown in Figure 4.  

The fourth component is the modulator, which multiplies two or more signals and hence 

performs a nonlinear operation.  

 
Figure The basic components used in a discrete-time system. 

 

A simple discrete-time system is shown in Figure 5, where input signal x(n) = {x(0), x(1), x(2), 

x(3)} is shown to the left of v0(n) = x(n). The signal v1(n) shown on the left is the signal x(n) 

delayed by T seconds or one sample, so, v1(n) = x(n ҍ 1). Similarly, v(2) and v(3) are the 

signals obtained from x(n) when it is delayed by 2T and 3T seconds: v2(n) = x(n ҍ 2) and v3(n) 

= x(n ҍ 3). When we say that the signal x(n) is delayed by T, 2T , or 3T seconds, we mean that 

the samples of the sequence are present T, 2T, or 3T seconds later, as shown by the plots of 

the signals to the left of v1(n), v2(n), and v3(n). But at any given time t = nT , the samples in 

v1(n), v2(n), and v3(n) are the samples of the input signal that occur T, 2T , and 3T seconds 

previous to t= nT . For example, at t = 3T , the value of the sample in x(n) is x(3), and the 

values present in v1(n), v2(n) and v3(n) are x(2), x(1), and x(0), respectively. 

A good understanding of the operation of the discrete-time system as illustrated in Figure 4  

is essential in analyzing, testing, and debugging the operation of the system when available 

software is used for the design, simulation, and hardware implementation of the system. 

It is easily seen that the output signal in Figure 4 is 



 
where b(0), b(1), b(2), b(3) are the gain constants of the multipliers. It is also easy to see 

from the last expression that the output signal is the weighted sum of the current value and 

the previous three values of the input signal. So this gives us an inputςoutput relationship 

for the system shown in Figure 4. 

 

 
Figure. Operations in a typical discrete-time system. 

Now we consider another example of a discrete-time system, shown in Figure 5. Note that a 

fundamental rule is to express the output of the adders and generate as many equations as 

the number of adders found in this circuit diagram for the discrete-time system. (This step is 

similar to writing the node equations for an analog electric circuit.) Denoting the outputs of 

the three adders as y1(n), y2(n), and y3(n), we get 



 
Figure. Schematic circuit for a discrete-time system. 

 
These three equations give us a mathematical model derived from the model shown in 

Figure 5 that is schematic in nature. We can also derive (draw the circuit realization) the 

model shown in Figure 5 from the same equations given above. After eliminating the 

internal variables y1(n) and y2(n); that relationship constitutes the third model for the 

system. The general form of such an inputςoutput relationship is 

 
or in another equivalent form 

 
Eq(1) shows that the output y(n) is determined by the weighted sum of the previous N 

values of the output and the weighted sum of the current and previous M + 1 values of the 

input. Very often the coefficient a(0) as shown in Eq(2) is normalized to unity. 

 

 

Eq(1) 

Eq(2) 



6. Hilbert ɀHuang Transform  

¢ƘŜ ǳƴŘŜǊƭȅƛƴƎ ǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ IǳŀƴƎΩǎ 9a5 ƳŜǘƘƻŘ ƛǎ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ƛƴǎǘŀƴǘŀƴŜƻǳǎ 

frequency defined as the derivative of the phase of an analytic signal Error! Reference 

ource not found.. A mono-component signal, by definition, has a unique well-defined and 

positive instantaneous frequency represented by the derivative of the phase of the signal. A 

signal, with multiple modes of oscillation existing simultaneously, will not have a meaningful 

instantaneous frequency. Accordingly, a distorted signal must be decomposed into its 

constituent mono-component signals before the application of Hilbert transform to 

calculate the instantaneous frequency. 

 

The essence of EMD is to recognize oscillatory modes existing in time scales defined by the 

interval between local extrema. A local extremum point is any point on the signal where its 

derivative is zero, and its second derivative non-zero. The term local is used to differentiate 

it from a global extremum point. For instance, within an observation window, there may be 

several local extrema, however only one global maximum and global minimum point may be 

present. Once the time scales are identified, IMFs with zero mean are sifted out of the 

signal. The steps comprising the EMD method are as follows: 

A1. Identify local maxima and minima of distorted signal, s(t), 

A2. Perform cubic spline interpolation between the maxima  and the minima to 

obtain the envelopes eM(t) and em(t), respectively, 

 

A3. Compute mean of the envelopes, , 

A4. Extract c1(t) = s(t) - m(t), 

A5. c1(t) is an IMF if the number of local extrema of c1(t), is equal to or differs 

from the number of zero crossings by one, AND the average of c1(t) reasonably zero. 

If c1(t) is not an IMF, then repeat steps A1-A4 on c1(t) instead of s(t), until the new 

c1(t) obtained satisfies the conditions of an IMF, 

A6. Compute the residue, r1(t) = s(t) ς c1(t), 

A7. If the residue, r1(t), is above a threshold value of error tolerance, then repeat 

steps A1-A6 on r1(t), to obtain the next IMF and a new residue. 

Lƴ ǇǊŀŎǘƛŎŜΣ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǎǘƻǇǇƛƴƎ ŎǊƛǘŜǊƛƻƴΣ ƛƴ ǎǘŜǇ !рΣ ŀǾƻƛŘǎ ΨƻǾŜǊ-ƛƳǇǊƻǾƛƴƎΩ Ŏ1(t) as 

that can lead to significant loss of information Error! Reference source not found.. The first 

MF obtained, consists of the highest frequency components present in the original signal. 

The subsequent IMFs obtained, contain progressively lower frequency components of the 

signal. If n orthogonal IMFs are obtained in this iterative manner, the original signal may be 

reconstructed as, 
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The final residue exhibits any general trends followed by the original signal.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7. Convolution  
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



8. SÁÙąÓÁÌ !ÎÁÌÉÚ 
 

 

 

 
 

 

 



 
 

 

 

Sequential logic has memory; the circuit stores the result of the previous set of inputs. The 

current output depends on inputs in the past as well as present inputs.  The basic element in 

sequential logic is the bistable latch or flip-flop, which acts as a memory element for one bit 

of data. 

 

 
 

 


































