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 
אאWאאאאFאKE 

  
אאWאאאאW 

 
  Jא 

 
 Jאאא 

  
  JאאFאאE 

 
  J אאFאאE 

 
 

אאW٥K 
 

אאW 
١ J 
٢ Jאאאא 
٣ Jאא 

 
אאW 
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 ٢ JאSampling Theory  
٢ J١ 

  ،אא ،אא 
 Kא    אא       א א א

א ،א א א Fאא א א Eא
אא

אFSamplingKE 
א א   א  א  ،  א FContinues-time SignalE

    FDiscrete-time Signal E א  א     
אאאFSampling TimeEאא

Ts  KאF٢ J١ J E   א  F٢ J
١ JEאK 

 
 

٢א J١אאFEאFE 
 

٢ J٢ אאUnit Impulse Signal  

 

-Ts  0       Ts   2Ts   3Ts  …… 

x(t) 

t t

Xs(t)

 -ب- -أ-
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אא ،אאא
  δ(t) א  ٢ J٢،   אא  

אK 

 
אF٢ J٢EאאFEאFE 

 
אאאW 

  JאK 
  JאאאK 
  JאאK 
  Jאא،אאK 






 1)( dtt                                                               (1-2) 

אאא٢ J٣K 
 

1
τ

 δ(t)p(t) 

time time 

A 

 -أ- -ب-
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 
אF٢ J٣Eאא 

א٢ J٤،
אW 

)()( 





n

sTntatP                                                                     (2-2)       

 
אאW 

a אK 
TsאאאK 
nאK 

 

 
אF٢ J٤E 

a  

-2Ts     -Ts       0        Ts      2Ts      3Ts  

p(t)

t
· · ·· · ·

-2 

-1 05

4

-3 

6

-3
t 

-3δ(t-4) 

t 

3δ(t-5) 

t

4δ(t)

t

2δ(t+1) 

t

-2δ(t+3)

t

5δ(t-6) 

3
4

2

5
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 
אאאאאFאאE

K 
 

٢ J١ 
 

אאאאW 
 

 Jδ(t - 3)8 J-5 δ(t - 4) J3 δ(t + 2) 
 
 

אW 

 
 

אF٢ J٥E٢ J١ 
 

٢ J٢ 
אאאW 

 

Ts = 2msK 
אW  

-5δ(t-4) 3δ(t+2) 

3

-5

4
-203

t t t 

8

8δ(t-3) 

)(2)(
5

3






n

sTnttP 
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٢א J٦٢ J٢ 

 

٢ J٣ Fourier Transform   
 

אאאאW 
אWאאFTime DomainE،א א

אאאFtKEאא،אא
אאFOscilloscopeKE 

 
אWאא FFrequency DomainE،א  א

 אא א Ff KEאא  ،
אאאאFSpectrum Analyzer EK 

 
א  אא א      א   FFourier 

MethodE،FFourier SeriesEאאFPeriodic Signals
EFFourier Transform EאאאK 

 
  א א      ،   אא  א

א Kאאא،x(t)אX(ω)אא،
א 

2 

 -6      -4        -2        0        2         4         6      8       10       

p(t)

t



א ٢٣١ אא 

א אא א 
 

  

‐ ١٨ - 
  






 dtetxX tj )()(                                                       (3-2) 

 
ω إلى التردد الزاوي  )Angular Frequency (   وتقاس بوحدةradian/second . 

אאf،אאFω = 2πfKE  
 

א א  א ، X(ω)א  ،x(t)א א  ، 
א 

 






 


 deXtx tj)(
2

1
)(                                                (4-2) 

 
אא،אאאא،א٢ J١

אאאK 
 

אאא Wm(t)                 M(ω)K 
 

٢א J١אאא 
Time Function, f(t) Frequency Spectrum, F(ω) 

δ(t) 1 

u(t) π δ(ω) + 1/j ω 

1 2π δ(ω) 

e-at u(t) 1/(a + j ω) 

sin (2πfot) 0.5 [ δ(f-fo) - δ(f-fo) ] 

cos (2πfot) 0.5 [ δ(f-fo) + δ(f-fo) ] 

te-at u(t) 1/(a + j ω)2 

 

FF
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٢ J٣ J١ אאRectangular Pulse   
 

 ، א  א    א א א  
אKא٢ J٧K 

 

 
אF٢ J٧Eאא 

אאW 
 

SincWאFsinc x = sin x/x E 
TWאFאE،Pulse Width 

AWאFאE،Amplitude 
ω1WאאFאEF= 2π/TE،Fundamental Frequency 

2ω1  WאאF= 4π/T Eאאאאאא א
KאאאאאsincK 

 
 

٢ Jא٣٢ J٨K 
 

T/2 -T/2 

F 

AT 

-2ω1 2ω1  ω1 -ω1 

AT Sinc (ω T/2) 

ω
t 

  A 

p(t) 
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אF٢ J٨E 

 
 

אW 
 

א،T = 8A = 3אאW 
   ω1 = 2π/T = 2π/8 = π/4, 2ω1 = 4π/T = 4π/8 = π/2, ….. 

W 
  

   
 אF٢ J٩E٢ J٣ 

 
٢ J٣ J٢אאTriangular Pulse   

 
،אאאאאאK

א٢ J١٠K 
 

24 

- π/2 π/2  π/4 -π/4 

24 Sinc (ω 8/2) 

  3 

4 -4 

p(t) 

t
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 
אF٢ J١٠Eאא 

 
2τWאFאKEאτאK 

AWאFאE،Amplitude 

ω1WאאFאEF= 2π/ τE،Fundamental Frequency 
2ω1WאאF= 4π/ τEאאאאאאא

Kאאאאאsinc2 Kאא
אאאK 

 
 

٢ J٤א٢ J١١K 
 

 
אF٢ J١١E 

 

 5   -5 
t

  2 

p(t) 

 0  τ   -τ 

F 

-2ω1 2ω1  ω1 -ω1 

AT Sinc2 (ω τ/2) 

ω
t 

  A 

p(t) 
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 
אW 

 

 
 אF٢ J١٢E٢ J٤ 

 
٢ J٤אSampling Theory   

 
א א   אא  א א   א א א FAudioE

אFVideoE،אא،אאK
אאאא،א  

א،א א FAnalog to Digital ConversionE
אאאFA/DE،אאאFD/AKE

אאאאFtEא
אאFSamplingEאא

אאאאאאא
א K אא א   א א   א    א 

א א  א  א  Kא      ،א א
אאFאKE 

 

  10 

 0 -4π/5   4π/5  2π/5 -2π/5 

10 Sinc2 (ω 5/2) 

ω
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٢ J٤ J١אאIdeal Sampling   

 
 אא אאאא אδ(t) FUnit ImpulsesE

אm(t)אאא
אFSampling PeriodETsKאאאא

 א א  Ts    אms(t) K     
אאאW 

)()( 





n

sTnttp                                                                        (2-) 

 
)()()( tptmtms                                                                            (2-6) 

 

   )()()()()( 









n

ss
n

ss TntTmTnttmtm                      (2-7) 

 א٢ J١٣אא  אא ،א  
 א   א  א א א FMultiplier or Mixer E  

אK 

 
אF٢ J١٣Eאא  

 
TsאFSampling FrequencyEfsאאא

אא א א   K א ٢ J١٤ א  ،
אאאFאאKE 

m(t) )()()( 





n

sss TntTmtm 

 

)()( 





n

sTnttp 
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 
אאא،אm(t) Fא

אWEא M(f)אp(t)אP(f)
א  ms(t)אMs(f) K،אא

אW 

   





n

s
s

nff
T

fP )(
1

)(                                                                 (8-2) 

 







n

s
s

s nffM
T

fM )(
1

)(                                                           (9-2) 

 
אאFUnit ImpulseEאאδ(f)

אM(f)،אM(f)Kא٢ J١٥א
אאK 
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אF٢ J١٤Eאא 

 
א٢ J١٥،אאאMs(f)אא

M(f)אFfsEK
 א    א   א    א א א 

אאאאFLPFEאאא
אאWK 

1 

ms(t) 

p(t) 

t  

t  

t  

m(t) 

Ts     2Ts  3Ts   4Ts 

Ts   2Ts   3Ts   4Ts 
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אF٢ J١٥Eאאא 
 

٢ J٤ J٢אSampling Theorem  
 

m(t)אWFWE،
אאא

אאW 
 

Wfs 2                                                                   (10-2) 

 
fs = 2WNyquistK אא،

אNyquistאאא
אאאאK،אאK 

LPF 

-2fs -fs 2fs fs -W W 

A/Ts 

A 

1/Ts 

-W W 

0 -2fs -fs 2fs fs 

P(f) 

Ms(f) 

M(f) 

 · · ·

f 

f 

f

fs = 1/Ts 
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٢ J٥ 
m(t)אא،א

 K א אאא אאfs 
٢٠٪NyquistK 

 
 

אW 
א،m(t)5kHzאW 

 
fs = ( 1 + 0.2 ) × 2 × 5 kHz = 12 kHz 

  
אאאm(t)12א

אאK 
אא،FGuard BandE2 kHzK

אfcאאאאאW 
 

5 kHz  <  fc  <  7 kHz  
 

אא
אאאK  

A 

-5 5 

M(f) 

 f , kHz 
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 
 

אF٢ J١٦E٢ J٥ 
 

٢ J٦ 
m(t)F٢א J١٧EאKא

אאאאאfsNyquistK 
 

אW 
א٢ J١٧m(t)5kHzאW 

 
fs =  2 × 5 kHz = 10 kHz 

  
אא،FGuard BandEאא،

אK 

0 17 7 
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 · · ·
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 
 

אF٢ J١٧E٢ J٦ 
 

٢ J٧ 
 

m(t)F٢א J١٨EאKא
אאאאאfs٢٠٪NyquistK 

אW 
א٢ J١٨m(t)5kHzאW 

 
fs = ( 1 – 0.2 ) × 2 × 5 kHz = 8 kHz 
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א  א  ،      FGuard Band E א  
אאFאאEאFAliasingEא

א  Kא א 
אK 

 
אF٢ J١٨E٢ J٧ 

 
٢ J٤ J٣אאNatural Sampling  

 
 אא אאאא א p(t)א

 א א m(t)  Ts K א א
אאאאTsאms(t)K 

)()( 





n

sTnthtp                                                                     (11-2) 
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 
h(t)אאFotherwise0h(t)τ,t0for1h(t) KE 

א٢ J١٨אאאאK 
 

 
אF٢ J١٩Eאא 

 
א٢ J٢٠א،אאא

אאK 
 

m(t) )()()( 





n

ss Tnthtmtm 

)()( 





n

sTnthtp 
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 
אF٢ J٢٠Eאא 

WP(f)א،
אf = 1/τ .אאאK

אאMs(f)K 

 
אאא؛אאFFlat-topEאאא

 FNatural Sampling KEאאא א א
،אאאאא

אאK،א٢א J٢١K 
  
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 
٢א J٢١א،אFEאאאFE 

 
אאא،אאא،א

אK 

 t  

X(t) X(t) 

 t  

 -ب- -أ-
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 
 

١ J؟אא 
٢ Jאאא؟א 
٣ JאאאאW 

 Jδ(t - 7)4 J-5 δ(t + 3) J12 δ(t + 9) 
٤ JאאאW 

 
 
 

٥ JאW 

 
٦ JאW 

 
٧ Jאאאδ(t)؟ 
٨ Jאאאאאא؟ 
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٩ J   x(t) א   א  ،    א
K א אאא אאfs 

٢٥٪NyquistK 

 
 

١٠ Jx(t)אא،א
Kאאאאאאfs

١٠٪NyquistK 

 
١١ JאאאאW 

  JW = 10kHz  א fs Nyquistא20%K 
  JW = 8kHz  א fs Nyquistא40%K 
  JW = 4kHz  א fs NyquistK 
  JW = 15kHz  א fs Nyquistא20%K 

 
 
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P(ω) 
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