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


،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
،אאאאאא

אאאK


אאאאאאא
  א        ،א אא  

 א ، א א א אא א 
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


אא?אא???

אאאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


، א אאא
אK


אאאא



 ٢٤٠ א א 
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
  

אאאאאאאאא
א??אא?א?א

אאאאאאאאK
אאאאאאאא

אאKאאאא
אאאאFCircuit Maker, EWB, PSPICE, ORCADEK

אאאאא
אKאאאK

אאKאאאאאא
אאK

אW
١K אאK 
٢K אK 
٣K אאK 
٤K אאאK 

K
אאאאאKא

אאאKאא?א?א
אאאאאאא

אאאKאאא
אאאאאK



 

 

 

אאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

 אאאא
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١K W 
אאאW

אאאאW
 אK 
 אאאאאK 
 אאK 
 אאאאאK 
 אאאאאאK 
 אאאאאFאKE 


FOperational AmplifierEא
FLinear Integrated CircuitEאאא

אאאאK
אאאא

Kאא
אאאK


٢K W

אאאFOperational AmplifierEאאאא
אאאאאאKא

אאKאאא
אאKאאFIntegrated CircuitKEאאא

אאאאאאK
אW
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


אאאKWא

אאFJE،אאאKEHFאאא
FPolarityEאKאאאא

אK
אאאK

א
١א٢K 

741אWאאא741FOP AMP 741E
אא١J٢א١J٣K










١J١W

١J٢W
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



אאאא
FאאאEאאאאאFOffset NullKE

אאאKWאאא
١אJ٤K

אF-15V,+15VE،F-18V,+18VKE
אF-12V,+18VE،F0V,30VKEא

،אאאאא
W


+Vsat = +VSupply – 2 V

 
-Vsat = -VSupply + 2 V

١J٣W

)١-١( 
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





אאW
-Vsat <  Vout < +Vsat

אאאאאאK
אאVdW

Vd =  V+ - V- 


אאKא
אאאFOpen Loop GainKEא

אאFAolKEאאא000 200אK אW


Vout = AolVd


Vout > VsatKאאVsatא+VsatVsatJ
VdK





١J٤Wא
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F١J١WE
אא15 V אאא200,000

אאKאא50,000K
אW

+Vsat = +VSupply – 2V=15V – 2V= 13V 
-Vsat = -VSupply + 2V=15V – 2V= -13V 

א.13V 
Vd = Vout/Aol = 13V/200000 = 65µV 

Aol = 500000WVd = Vout/Aol = 13V/500000 = 26 µV
אאאאאKאאאא

אאאאאאאאא
אאאאאK


אW

אאאאאא
F1 MΩEאאFאEאK


אW

אאאאאאא
אאאאK


٣K אאאאW

אאאא
אאAolKאא
FFeedbackKE




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אאאאK
אאWKאאא

אאאאאKאאא
אאאאאאא

אאאאאאK
١אJ٥אאKאאאא

אVd 65 µVK
אאאאאAW-65 µV <  VA 

< +65 µV
אאאאאאאאא

FVirtual EarthKEאאVA = 0 VK




אאאאאZin >> Rf
אאאאRinאאRf

אאאKאאאW
Iin = (Vin - VA) / Rin 
If = (VA – Vout) / Rf

١J٥Wאאא

→If 

→Iin 

vin = 1V Rin = 1kΩ

Rf = 10 kΩ 

A 

15V 

15V 

vout 

)٥-١(
)٦-١(
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
אVA = 0،W              Vin / Rin = - Vout / Rf 

Vin = 1 V، Rin = 1kΩ ، Rf  = 10kΩ.Vout = -10V


١J٢Wאאא١J٦




אW
אאWVA = 2VKאW

 Iin = (VA – Vin) / 10 kΩ      
   If = (Vout – VA) / 20 kΩ 
    Iin=Iout                                           

 VA = 2 V، Vin = -1 V Vout = 8 V 


٤K אאאW
٤J١K אWאאF741 

EFאKE


٤J٢K אאFVdWEאאאאK
Vd = (V+ - V-)              

-1V 

10 kΩ 

20 kΩ 

2V 

15V 

15V 

vout 
A 

١J٦

F١J٧E



א٢٤٠ א א א 

אא אא א 
 
 

- ٨ -  

٤J٣K אאFPDWEאאאא
אKאאא

אאK




٤J٤K אאWאאאאKא
אאK

٤J٥K אWאאאא
F2 MΩ 741 .(

٤J٦K אWאאאא
741א-13V+13V -15V+15VK

٤J٧K אאאWאאאאאK
741אא200V/1mV 200,000 K



↓IL 

→I0 
VA

←If 

vout 

RL

٧-١

Io = If + IL
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٤J٨K אWאאאאKאא
אאאאKF

10kΩE741אא-14 V+14 VF
2kΩEאא-13 V+13 VK

٤J٩K אאאאFCMMRWEאאAcm = 

-vout/v+v+=v-KAcmאF Acm = -

0.01KEאאא
אFCMMREאאWCMMR = Aol/Acm

FdbFWE = 20log(CMMRFCMMRdb = 20log(Aol/Acm
אאאCMMR10010000אCMMRdbא

40.80db
٤J١٠K אFSlew RateWEא

אאאאאאאK
741אא0.5 V/µsKאא1 V

80 HzKאאאאK
אאW

SR=∆vout/∆t


٥K אאאאW
אאא١J١

אאLM7841C LF157A 

אAol ∞100,000 200,000 

אRin ∞2MΩ 1012Ω 

אRout 0 75 Ω  100 Ω 

١J١W
אאאK



F١J٨E
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
٣-١Wא٨-١אאK




אW
Wאvinאv2אK

vin = v2 = R1/(R1+R2)voutאK
אאאW

Acl = vout/vin = R2/R1 + 1
W
v2 = R1/(R1+R2)vout،B = v2/voutAol(v1-Bvout)=vout = Aol(vin-v2)

(1+AolB)LAcl = vout/vin = Aol


٦K אW
٦J١K FInverting AmplifierEW

אאאאK
אאאWא

KאאF١J١٠WE
KאFRin = ∞Ei2 = 0K
KAol = ∞ .v2 = 0

٨-١Wא١J٣

vin 

v2 
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אאאאאFJEאאאאR1
אאאR2א١J١٠K






אW
Fv2 = 0Eאvin = iinR1vout = -iinR2K

voutvinאAclאאאא١J١٠K
Acl = vout/vin = -iinR2/ iinR1 = -R2/R1 


אאאאאK

אFBandwidthWE
אאאאאK

 741C W  .f2(ol) = 10Hz   
אאאW

f2(cl) = funity / (Acl +1)






→iin 

→iin →i2

R2 

R1 R1 

vin vin 

R2 

V2 

VoutVout

٩-١W  مفهوم الأرض الافتراضي: ١٠-١شكل

 ).v2=0(لجهدوموصل ل) i2 = 0(مفتوح للتيار

V2 

F١J

F١J
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٤-١W
א١١-١אvout KאאאאאK

אא1 kHz K1 MHK
אW

אF١J٩EאאאWAcl = 75kΩ/1.5kΩ = 50 
אF١٠-١EאאאW 1MHz/50 = 20kHz =f2(cl) 
א1 kHzW 500mVpp=vout = 50(10mVpp) 

1 MHzאאא1 MHzWvout = 10 mVpp
١٢-١א(Bode)אאKאא

(decibel)50 34dBFW 50100،6 dB40dBKE












1.5kΩ 

75kΩ 

vout 

١J١١W١J٤

ACL 

20 kHz 1 MHz 

34dB 

f

١J١٢Wא١אJ٤

10mVpp 
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٦J٢K FNoninverting AmplifierEW
אא١٣-١K




 
אאאא،EHFא

אאFJEKאאKא
אvinאאR1R2KאFi1EאאR1אFi2Eא

אR2K
אW

אאאW
vin = R1 / (R1 + R2)vout

אFACLEאאF١J١٤EK
ACL = vout / vin = (R2+R1) / R1 = (R2 / R1) + 1

אאאאאK
א)Bandwidth(W

אאאאאK
 741C W  .f2(ol) = 10 Hz   

אאאW
f2(cl) = funity / (Acl +1)


١J٥W
Ff2(CL)KEאFACLEאאאא١٥-١א

vin vin 

vout 

R1 

R2 

vin 

R1 

R2 
↓i1

↓i1

١J١٣W ١J١٤Wאא
אאא  R1 و .R2   

) ١١-١(

) ١٢-١( 

)١٣-١( 
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א250 kHzK




אW                             + 1 = 40  ACL = (3.9 kΩ / 100Ω) 
 1MHz/40 = 25kHz = f2(cl)            

 200 mVpp =vout = (50 mVpp)                  


٦J٣K אאFAmplifierComparatorWE
אאאאK

אאאאKאאא
אK

Wא١J١٧א١J١٨K






3.9 kΩ 

50 mVpp 

100 kΩ 

vout 

١אJ١٥W١J٥ ١אJ١٦Wא

ACL 

25 kHz 1 MHz 

32dB 

f



א٢٤٠ א א א 

אא אא א 
 
 

- ١٥ -  









אאאאK
אאאאאאKאאאא

אאאאאא
אאאKאאאאאא

אאאKאאא
א١אJ١٩KאאאK vrefK




אאאאא
אאKאאאאא

+Vcc

-Vee 

١אJ١٧W ١אJ١٨Wאא

١אJ١٩W

vin 

+Vsat 

-Vsat 

0 
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אאאKא١J٢٠אאאא
K











אאאאאא

אאאF١אJ٢١EאK








٦J٤K אאFSumming AmplifierWE
אאאאאK

אאאאK
אאא٢٢-١K

١אJ٢٠W

vin +Vsat 

-Vsat 

0 vref 

vout 

+Vsat 

-Vsat 

0 

1 V

0 

-1 V

١אJ٢١Wאא
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
ACL1אv1K
ACL2אv2K
ACL3א٣vK

אאFTheorem SuperpositionEW
vout = ACL1v1 + ACL2v2 + ACL3v3

ACL1 = -Rf/R1FE  ACL2 = -Rf/R2.ACL3 = -Rf/R3
אW

vout = (-Rf/R1)v1 + (-Rf/R2)v2 + (-Rf/R3)v3


אא  Rf = R1 = R2 = R3 = RאF١J١٥EאאW
vout=-(v1 + v2 + v3)

אאאאK
٥-١W

אא١J٢٣W





١אJ٢٢W

)١٤-١( 

) ١٥-١( 

)١٦-١( 

אW
א

K
אאאאW

vout = -(v1 + v2 + v3) =
-(0.1 V + 0.2 V + 0.4 V) = -0.7 V١אJ٢٣WF١J
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٦-١W
אא١J٢٤K


אW

אK
אאאאW

vout = (-Rf/R1)v1 + (-Rf/R2)v2 + (-Rf/R3)v3 = (-1/1)5 V + (-1/0.5)2 V + (-1/0.2)0.5 V = -5 V 
- 4 V - 2.5 V = -11.5 V


٦J٥K אאFDifferentiator AmplifierEW

אאKאא
KאאאKא

אKאאא١אJ٢٥




אאאאאאאW

ic = C(dv/dt)

١אJ٢٤WF١J

١אJ٢٥W

 F١J١٧E
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F(dv/dtאKKאאא
אאW

vR = -RC(dv/dt)


אאאאdv/dt
אKאאאאאKאא

١J٢٦KאאאK











 
 
 


 
 
 
 
 



F١J١٨E

vin 

t 

vout 

t 

vin 

t 

vout 

t 
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


 
 
 
 
 
 
 




 
 
 
 




 
 
 
 



٨-١W

א٢٦-١אאא 0 V10 V 0.4 sK 

vin 

t 

vout 

t 

vin 

t 

vout 

t 

١אאJ٢٦WאאאFאEא
אאאFאE

vin (V)
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
אW

אאKW
dv/dt  = 10V/0.4s = 25V/s 

אאF١J١٨EW
Vout = -(10kΩ) (2.2µF) (25V/s) = -0.55V 

 
٦J٦K אאFIntegrator AmplifierWE
אאאאאא

אאKאאאאK
אאאאא،א٢٧-١K




אאאW
VC = (1/C)∫i(t)dt 

t(s) 
0.2 0.4 

5

10

١אJ٢٦Wא

١אJ٢٧Wא

 )١J
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אאF١אJ٢٨KEvin K
אA אאאאאא RW

i = vi n /R
אאKא Cא .A אא

אאאאKאא
אW 

vC = -(1/RC)∫vindt
vC = -(1/RC)vint

 
          C = 1 µFR = 1 kΩ Vin = 5 mV VC = -5 VtK 

א٢٨-١K 
 
 
 
 
 
 
 





١J٩W
   א١J٣٠אאאא؟א

 )٢٠-١( 

 )٢١-١( 

 )٢٢J

١אJ٢٨Wאאאא

t(s) 

vout 

t(s) 

vin 
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


אW
אאF٢٢-١WE

vC = -(1/RC)vint = -(1/10kΩ x 0.2µF)(10mV)t = -5t V 
אvC = -13VאאtW

t = -13/-5 = 2.6 s


אאאאאא
א.א  א١J٣٠K






 




١אJ٢٩W
١J٩

vout 

t 

vin 

t 
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


















٧K אFFiltersWE
אאK

KאKאאK
א1 MHzK

אאאKא
1 MHzK

אאאאאאאאא
אאK



١אJ٢٩WאאאFאEא
אאאFאE 

vin 

t 

vout 

t 

vin 

t 

vout 

t 
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WאאFIdeal ResponsesWE
אאאKאאW

אFLow Pass FilterEאFHigh Pass FilterE
FBand Pass FilterEFBand Stop FilterE

FAll Pass FilterKE
K אאאFLow-Pass FilterWE


 









WfcאK

K אאאFWHigh-Pass FilterE 












تمریر نطاقي

A 

توقيف نطاقي
f

fc 

٣٢-١Wאאאא

تمریر نطاقي

A 

توقيف نطاقي
f

fc 

١J٣٣Wאאאא
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
K אFWBand Pass FilterE











W f1f2אאK





K FWBand Stop FilterE











A 

f
f1 f2 

 )BW(مجال نطاقي

A 

f
f1 f2 

٣٤-١Wאא

١J٣٥Wאא
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K FAll Pass FilterWE









WאאאFאE
K אאW 

אאKאאאא
אאאK





J١K אאאFLow Pass FilterE




A 

f
٣٦-١Wא

Av = 1 
fc= 1 / (2πR1C1) 

١J٣٧Wאאאאא
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




 

J٢K אאאFHigh Pass FilterE



١J٣٧Wאאאא
א

Av = (R2/R1) + 1 
fc= 1 / (2πR3C1) 

١J٣٧WאאאאאK
  

Av = -R2/R1 
fc= 1 / (2πR2C1) 

١J٣٧Wאאאאא
K

Av = 1 
fc= 1 / (2πR1C1) 
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







١٠-١W
.אلإאא؟אא١J٣٨.אאא

١J٣٧Wאאאאא

Av = (R2/R1) + 1 
fc= 1 / (2πR3C1) 

٣٧-١Wאאאאא

Av = -C1/C2 
fc= 1 / (2πR1C2) 
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


אW١אJ٣٨אאאאא
KאאW

Av = (39 kΩ / 1 kΩ) +1 = 40
fc = 1 / (2π)(12kΩ)(680pF) = 19.5 kHz

-40

-30

-20

-10

0

10

20

30

40

1E71E61E51E41E3

G
ai

n,
 d

B

Frequency, Hz





١אJ٣٩אאKא32 dBאKא
19.5 kHzא20 dBFdecadeKE

١J٣٨Wא١J١٠K

١J٣٩Wאא
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K אאWאאאFLow Pass FilterE
אאאאאאאKא

אאאאKא
אQK١אJ٤٠אאאאאK


١١-١W

אאFfpEFQEאא١J٤١KאFfcE؟




אWQאאfpW
Q = 0.5(C2/C1)1/2 = 0.5(1.64nF/820pF)1/2 = 0.707 

fp= 1 / (2πR(C1C2)1/2) = 1/2π(30 kΩ)((820 pF)(1.64 nF))1/2 = 4.58 kHz 
QאאFButterworthEW

Fc = fp = 4.58 kHz 
 

٤٠-١Wאאאאא

Av = 1 
Q = 0.5(C2/C1)1/2 

fp= 1 / (2πR(C1C2)1/2) 
Butterworth:  
Q=0707, Kc=1 

Bessel: 
Q=0.577, Kc=0.786 

٤١-١Wאאאאא
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אאא4.58 kHz א40 dBK











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אאא


١K500000Kא1VW
K2µV

K5mV
K10mV
K1V

٢K741CW
K100000 
K2MΩ
K75Ω
K

٣KאFACLEW
Kאאא
Kאאא
Kאאא
Kא

٤KW
KאFACLE
KאFAOLE
KאFRinE
KאFRoutE

٥KW
KאFACLEא
KאFAOLE
Kא
Kא


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٦KW
Kא
Kאא
KאFRinE
Kא



٧KאאW
Kא
Kא
Kא
Kא



٨K؟אאא
Kא
Kא
K
K



٩KאW
K
Kא
Kא
Kא

١٠KאW
K
Kא
Kא
Kא


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١١KW
K
Kא
Kאא
Kא

١٢KW
Kא
Kא
Kא
KאאFEFE













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
١J١W 

אאאF١אJ٤٢E










FE FE

FE FE

١אJ٤٢
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١J٢Wאא١J٤٣W


١J٣Wאאאאאא١J٤٤
FEiin،FEif،FEvout،FEאאאFACLKE




FE FE

FE FEא١J٤٣

→iin

→if 

١אJ٤٤
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٤-١Wאאאא٤٥-١؟

 
 
١J٥Wאאאא١J٤٦K

אאאRfK

 
 





١אJ٤٥FE FE

١אJ٤٦

→if 
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١J٦WאאאאאK١J
٤٧ 

 
١J٧Wאאאאאא١J٤٨K


 
٨-١WFLow-Pass, High-Pass, Band-Pass, Band-StopEאא

א٤٩-١ 
 
 







١J٩Wא؟אאא

١אJ٤٧

5 V

vin   0 

5 V

vin   0 
10µs

١אJ٤٩

Gain

f

Gain

f

Gain Gain

f f

FE FE FE FE 

١אJ٤٨
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אאא
١K FE،٢FKE،٣FKE،٤FKE،٥FKE،٦FKE،٧FKE،٨FKE،٩FKE،١٠FKE،١١FKE،١٢FKKE


א

١J١WFE١١،FE١٠١،FE٨}٤٧،FE٢٣K
١J٢FWE١،FE١J،FE٢٢،FE١٠JK 
١J٣FWE455µA،FE 455µA،FE-10V،FE-10K
١J٤WאאFEF97.5kHzE. 
١J٥Wvout = -3.57 V, if = 357 µA
١J٦W-4.46 mV/µs
١J٧W1 mA
١J٨WFEBP،FEHP،FELP،FEBSK
١J٩WאאאK



 

 

 

אא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 




א


٢
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٢K W 
אאאW

אאאאW
 אאK 
 אאK 
 אאK 
 אאאאK 
 אאאאK 

 
٣K אW

אFTimerEאFICEאאא
FPulse GeneratorEאK

א555אאאאאא
אאאאאKNE555

אMC1455CA555LM555K א555١-٢אW


 





١-٢אW555 
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אW


א  אא א 
אאאא Ground  1 

אאא
א Trigger א 2 

א Output  3 

אאא Reset 4 א 

אא
אא

Control 
Voltage א  5 

אא
אא

٢אL٣٢L٣
אK

Threshold 6 א 

Discharge  7 

אאאא
٥١٥

Supply 
Voltage א 8 

 



٤K אאא555W
א555אאאאאFMonostableEא

אאאFAstableKE
٣J١K אאאאFMonostableWE

א555א٢J٢אאאאאK

٢אJ١Wא555 
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אאאF٣אEאאא
א٢אא

אFאאKE אאאאא
אK 

  ٢J١W 
אאµF0.6810 MΩאא

א؟555א  
אZ0.68 µF  

א
אZ0.68/1000000Z0.00000068 F

 אZ10000000 Ω
 אאZ1.1xאxא

Z1.1x10000000x0.00000068
Z7.48

אWאאאא1000000
10000000 

 0.748א

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





Wאאאא٤F
אKE

 ؟אאאאא
KאK

 אאאK


٣J٢K אאאFAstableWE 
 א555א٣-٢אאאאK



٢-٢אWאא 
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


א2א3אא
KאאאאאKאא

Kאאא
אאאאFfrequencyE

א١א٢אאאK
א=א x F١H٢٢ (L 1.44

 אא=א 1 / 
אאאאאאאFt1Eאא

אאFt2KEאאא: 
אt1= F١H٢ x (א 0.693 x  

 ٢א= x 0.693 ٢ x א  
אאא١٢ 

אאא (Duty Cycle) א
אאאאא. 

א=١L = F١H٢FLE١H٢٢(
אא 75% אאאא

75% אא. 
אא١٢ 



٢אJ٣Wאא 
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٢-٢: 
אא0.68 µFא١10 MΩא٢1 

 MΩKאאאאאא
 555 א،א١אא،٢אא. 


 א=0.68 µF0.00000068 F 

א=1.44FL١H٢٢E x א 
        1.44 / (10000000 + 2 x 1000000) x 0.00000068 

  0.176 =    
 אא=١L1.176 / 1 = 5.66   א=    

١א=0.693xF١H٢ x (א 
           = 0.693 x (10000000 + 1000000) x 0.00000068 

 5.18=  
 ٢א=0.693x٢xא 

           = 0.693 x 1000000 x 0.00000068 
 0.47=  

 א=١L 
              = 5.18 / 5.66 

 0.915 =95 % 


٥K אאא555W
אאאF555Eאאאאאאא

א٢J٤אאK
אא555W


٤J١K א
٤J٢K אFRS FLIP-FLOPE
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




٤J٣K אאאאFTiming 

CapacitorE


אF٢אJ٥FERS FLIP-FLOPEW
אRSQQ`FHighEFLowKEאא

אKQQ`KQQ`K


٢אJ٤Wאאא555 

TIMER 555
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אSאאא
אFSaturationKEאאאאFCut offKEאQQ`

KאאRאאאאאא
אאRSאאKאא
FBistable MultivibratorKE












٢אJ٥WRSאא
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٦K אאאFMonostableWE
אאאא٢J٦K





אאא٢FTRIKEא
אאאא

٣אFoutEאHKאאF1.1RCKE
אאאאFאאEאLK

אFAmplitudeEאאאאK
אאאW

UTP = 2VCC/3 
LTP = VCC/3 
W = 1.1RC 


W،אאUTPאאאאF٤-٢E،LTPא

אאאF٤-٢אKE


+Vcc 

+Vcc 

←W→ Time(s) 

UTP = 2VCC/3 
LTP = VCC/3 

W = 1.1RC

٢אJ٦Wאאאאא 

F٢J١E
F٢J٢E
F٢J٣E
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٣-٢W
א٦-٢WVCC = 12V،R = 33 kΩ،C = 0.47 µFKאא

א.א.אא.
אW

אF٢J١EF٢J٢EF٢J٣WE
LTP = VCC/3 = 12 V/3 = 4 V 

UTP = 2VCC/3 = 2(12 V)/3 = 8 V 
W=1.1RC = 1.1(33 kΩ)(0.47 µF) = 17.1 ms 

 
٤-٢W

אא٦-٢R = 10 MΩC = 470 µFK 
אW  

W = 1.1RC = 1.1(10 MΩ)(470 µF) = 5170 s = 86.2 mn = 1.44 hr
אK
















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
٧K אאאFAstableWE

אאאא٢J٧K





٢אJ٧Wאאאאאאא 

W = 0.693(R1+R2)C 
T = 0.693(R1+2R2)C 
f = 1.44/(R1+2R2)C 

D = (R1+R2)/(R1+2R2) 

TIMER 555

+Vcc 

←W→ Time(s) 
←-----T----→ 

0
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



א555אאאFAstable Pulse generatorE
אא٨}٢א٢J٧Kאאא

FPeriodEאאR1R2CKאאFW, T, f, DE
٢אJ٧W אT אאf א DאK

٢J٥W
555אאא٨-٢אאR1 = 75 kΩ،R2 = 30 kΩ،C = 

47 nFKאאK
אW

אא٢J٧W
f = 1.44/(R1+2R2)C = 1.44/(75 kΩ+60 kΩ)(47 nF) = 227 Hz 







٢אJ٨Wאאאאא 

+Vcc 

←W→ Time(s) 
←-----T----→ 

0
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
٨K אFVoltage Controlled OscillatorWE

אFVCOEאאאא٢J٨K






W א T אאfאאK

٢J٦W
א٢J٨אWR1 = 75 kΩ،R2 = 30 kΩ،C = 47 nF

אFfEאFDEVcon = 11VKאאFfEאFDE
Vcon = 1V K




٢אJ٨WאFVCOE 

Vcon 

W = -(R1+R2)Cln(Vcc-Vcon/Vcc-0.5Vcon) 
T = W+0.693R2C 

f = 1/( W+0.693R2C) 



אא ٢٤٠ א א 

א אא א
 

 

- ٥٤ - 

אW
אאא٢J٨W

                                                                     אVcon = 11 VW
אW

W = - (R1+R2)Cln(Vcc-Vcon/Vcc-0.5Vcon) 
    = - (75 kΩ + 30 kΩ)(47nF)ln(12V - 11V)/(12V - 5.5V) = 9.24 ms

אאW 
T = W+0.693R2C = 9.24 ms + 0.693(30 kΩ)(47 nF) = 10.2 ms

אW 
D = W/T = 9.24 ms/10.2 ms = 0.906

אW 
f = 1/T = 1/( W+0.693R2C) = 1/10.2 ms = 98 Hz 

                                                                          אVcon = 1 VW 
אW

W = - (R1+R2)Cln(Vcc-Vcon/Vcc-0.5Vcon) 
    = - (75 kΩ + 30 kΩ)(47nF)ln(12V-1V)/(12V- 0.5V) = 0.219 ms 

אאW 
T = W+0.693R2C = 0.219 ms + 0.693(30 kΩ)(47 nF) = 1.2 ms 

אW 
D = W/T = 0.219 ms/1.2 ms = 0.183 

אW 
f = 1/T = 1/( W+0.693R2C) = 1/1.2 ms = 833 Hz 

  





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אאא


٢J١Kאא555אאאאW
FE0،FE1،FE2،FE3K 

٢J٢Kאא555אאאאW
FE0،FE1،FE2،FE3K 

٣J٢K555W
FE،FE،FE،FEK

٤J٢Kאא555؟
FE،אFE،אFE،אFE،אFE،אFE،אא




٢J١Kאאאא555 K
٢J٢Kאא555VCC = 10 VK
٢J٣K אא555 R1 = 10 kΩ, R2 = 2 kΩ, C = 0.0047 µF  K אK 
٢J٤K555אאR1 = 10 kΩ, C = 0.022 µF K ؟א












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אאאאא
٢J١FKE،٢J٢FKE،٢J٣FE،٢J٤FKE


אא
٢J١KאFRS FLIP-FLOPE،،א،א

K
٢J٢KR4 = 65.8 kΩ،R5 = 47 kΩ K
٢J٣K21.9 kHz
٢J٤K242 µs 
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א


אאא


אאWאא١
אאWא٤١



 

 















 

 

 

 

 

 

 

 

 

 

 

 

 

 



אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 
 


