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א

 



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

אאאKאאאא
4-2אK 
 
 
 

 
 
 
 
 

 
٢- ٢-٢. WFא5-2אE 

 
Common-Mode Gain1<Acm 

אא 
Common-Mode Rejection RatioAcm

A
CMRR OL= 

אא 
Common-Mode Rejection Ratio (dB)

⎟
⎠
⎞

⎜
⎝
⎛=

Acm
A

CMRR OLlog20 

אא 
Input bias current2

21 III BIAS
+

= 

א 
Input offset current21 IIIOS −= 

א 
Offset voltage

RinIV OSOS = 

א 
Output error voltage

RinIAerrorV OSVOUT =)( 

א 
Slew ratet

VoutSR
∆

∆
= 

-VCC 

+VCC 
V- 

V+ 

Vout 741 

٣ 

٧ 

٤ 

٦ 2 

4-2Wאא741א
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 
 


 

 
 
 

 
٣- ٢-٢. אW 

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

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

2V-VV supplysat +=+ (1-2) 

 
2VVV supplysat +−=− (2-2) 

 
FVSupplyEאFVSatEאK 

אאאאF2VEאא
אKאאW 

 

-Vsat <  Vout < +Vsat 
 

אאFV+EאFV-EאאK
אאVdW 

 
-

d V-VV +=(3-2) 

 
 

+ 

_ 

R1 Vout 

741

I1

I2

R2 

5-2Wא 
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 

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

אאFAOLKEאאאא741200, 000K א
W 

dOLout VAV =(4-2) 
 

Vout < VsatKאאVsatא+VsatVsat J
אאVdK 

 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 
 

F1-2WE 
אא15V אאא200,000

אאKאא500,000K 
אW 

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

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

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

אאאאאK 
W 
١( אאאאאאאK 
٢( אאא

אאאאאK 
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٤- ٢-٢. אFRinEW 
אאאאאא

F1 MΩEאאFאEאK6-2א
אFRinEאאאK 

 
٥- ٢-٢. אFRoutEW 

אאאאאK6-2אא
FRoutEאאאK 

 
 
 
 
 
 
 
 
 

 
 
٦- ٢-٢. אאאאW 

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

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

AV,Vin  Rin  Vin  Vout  
Rout  

 

--

++

6-2Wאאא741א 
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אאאאאא
אאK 

 
7-2 אאאKאאאא
אVd 65 µVK 

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

אאאאאאאאאא
FVirtual EarthKEאאVA = 0 VK 

 
 

 
 

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

אאאאKאאאW 
 

in

Ain

R
V-VI = (5-2) 

 
 

FoutAf R / )V - (V  I = (6-2) 
 

           אאAאאW               fII =  

I1=0

I2=0  ++ 

Vout 

-- 
Vin 

RF  

R 

A 
I 

If

٧٤١Vd 

7-2Wאאא 
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in

F

in

out
V R

R
V
VA −==

 

VA = 0                           ⇐    
F

out

in

in

R
V

R
V

−= 
 

 

א=⇐ 
 

אאoutVאinVWinVout VAV = 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 

 
 

א
א

8-2Wא2-2 

אW                10
k1
k20

R
R

V
VA

in

F

in

out
V −=

Ω
Ω

−=−== 

א)P(VoutWV20V120VA)P(V inVout −=×−== 

2-2Wאא8-2א 

++

--
1kΩ

A

741 

20kΩ

t 

Vin

1V

t 

Vout

20V

20V -

1V
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٧- ٢-٢. אאאW 
٢ J٢ J٧ J١K אW 

אאF741 E
FאKE 

  
٢ J٢ J٧ J٢K אאFVdWE 

אאאאK 
 

)V-(VV -
d

+=(7-2) 

 
٢ J٢ J٧ J٣K אאFPower DissipationWE 
 אאאאK

אאאאאK 
dout V.IP = 

 
 
 
 
 

 
 

٢ J٢ J٧ J٤K אאW 
 אאאאKאאא

K 
 
٢ J٢ J٧ J٥K אW 

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

 
 

3-2W 
אאIout=100mAVd=10VK 

אW 

P=Iout.Vd=(100mA)(10V)=1000mW=1W 

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٢ J٢ J٧ J٦K אW 
 אאאא741א

-13V+13V -15V+15VK 
 

٢ J٢ J٧ J٧K אאאW 
 אאאאאK741אא

200V/1mV 200,000 K 
 

٢ J٢ J٧ J٨K אW 
אאאאKאאאא

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

 
 

٢ J٢ J٧ J٩K אאאFCMRRWE 

אא
+

=
v
vA out

cm−+ = vv  KcmA

אF01.0Acm = KEאא

אאFCMRREאאW
cm

OL

A
A

CMRR = 

FdbWE)CMRRlog(20
A
A

log20)dB(CMRR
cm

OL =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 

אאאCMRR10010000אFdBECMRR40אdB.80dB 
א FDecibel E     א   א 

אאאאאK 
 
 
 
 
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٢ J٢ J٧ J١٠K 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 
 

t
V

S out
R ∆

∆
= (8-2) 

 
9-2אאאK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

tt  

אאאאאא  

אאאא  

SSRR == ∆∆vv//∆∆tt == mm  ((ssllooppee))  

VV  

∆∆vv 

∆∆tt  

9-2Wאאא 
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 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
אFSlew RateEא

K٧٤١א0.5 V/µs 
אאאאאא1-2

אאאאאאK 
 
 
 
 
 

 
 
 

 

VVoouutt((VV))  

tt((ss)) 

99  

1100  

--1100  

--99  

00  

∆∆VV 

11µµss 

4-2Wא10-2KאK 

אW                    ns/mV18s/V18
s1

)V9(V9
t

VSR out =µ=
µ
−−+

=
∆

∆
= 

10-2W4-2 
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٨- ٢-٢. אאאאW 
אאא1-2W 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 

אאאK 
 

 

 
 
 

1-1W

11-2Wא5-2 

א א 
Device 

LM741CLF351OP-07 LH0003 
Ideal

 TechnologyBJT BiFETBJT Hybrid BJT 

א
א 

AOL 200 k 100 k 400 k 40 k ∞ 

א Rin 2 MΩ 10 TΩ8 MΩ 100 kΩ ∞ 

א Rout 50 Ω 30 Ω 60 Ω 50 Ω 0 

אSR 0.5 V/µs13 V/µs0.3 V/µs70 V/µs 0 

אא CMRR 90 dB 100 dB110 dB90 dB ∞ 

5-2Wא11-2אא 

  :2-1جدول
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 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 
 
 

 
 

 
אW 

WאVinאV1אK 

אW 

out
21

1
1in V

RR
RVV
+

== 

אאאFClosed Loop GainWE 

1
R
R

V
V

A
1

2

in

out
CL +== 

 

W 

אW 

21

1

out

1

RR
R

V
VB

+
== 

אאאW 

)BVV(A)VV(AV OUTinOL1inOLout −=−= 

אאאACLW 

BA1
A

V
V

A
OL

OL

in

out
CL +

== 
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٩- ٢-٢. אW 
٢ J٢ J٩ J١K FInverting AmplifierWE 

אא12-2K 
 
 
 
 
 
 
 
 
 

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

KאאF12-2WE 
 KאאFRin = ∞EI1 = 0I2=0K 
 KאאאFKE

אאאאA
FVA=0KE 

אאאאאF-EאאאאאR1
אאאR2א12-2K 

אW 
FVA= 0Eא  Vin = IinR1Vout = -IinR2K 
VoutVinאACLאאאא12-2K 

 

1

2

in1

in2

in

out
CL R

R
IR
IR-

V
V

A −=−== (9-2) 

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

12-2Wא 

 

Vin

Iin

I1=0

Vout

--

I2=0  
++

  

R1 
A

Iin

741

RR22  
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⇐== 1
in

in
in R

I
VR

⇐== 0
I
VR

out

out
out

אFBandwidthWE 
אאאBWאfcאK 

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

 

CL

unity
C(CL) A

f
fBW == (10-2) 

 

אW

  

אW

  

 
א 

K 
 
 
 
 
 
 
 
 
 
 

 

 
6-2W 

א13-2אVout Kאאאאא
  1MHZ= .funity א  1א kHz   1 MH א 

FאאKE 
 

א
א 

א=

א=
א

א 
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 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 

 

13-2Wא6-2 

אW 
אF9-2EאאאWACL = -75kΩ/1.5kΩ = -50  

אF10-2EאאאW 1MHz/50 = 20kHz =fC(CL)  
א1 kHzW -500mVpp=Vout = -50(10mVpp) 

1MHzאאdB01ACL ==א1MHzW
Vout = 10 mVpp 

14-2א א א(Bode)אא  Kא
א(Decibel)50 34dBFW 50100،

6 dB40dBKE 

++
Vout 

--Vin=10mVpp 
1.5kΩ 

75kΩ 

741

1k

34 

ACL(dB) 

f(Hz) 0 10k 100k 1M20k

10 

14-2Wא6-2א 
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٢ J٢ J٩ J٢K FNoninverting AmplifierWE 
אא15-2K 

 
 
 
 
 
 
 
 
 

אאEHFא،אאא
אF-EKאאKאא

vinאאR1R2KאאאR1אא
אR2KאאIK 

אW 
אאאW 

out
21

1
in V

RR
RV ×
+

= (11-2) 

 
אFACLEאאF15-2EK 

1
R
R

R
RR

V
VA

1

2

1

12

in

out
CL +=

+
== 

 

1
R
RA

1

2
CL += (12-2) 

 
אWinCLout VAV = 

אאאאאK 

15-2W א 

I1=0

I2=0 

741Vd=0

++
Vout

--

Vin 

R2 

R1 

I

I

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

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

CL

unity
C(CL) A

f
fBW == (13-2) 

  
אW 

 
 

אK 
 

אW 
 

אK 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

 
 

16-2אW7-2 

א=א
א 

א=א 
א 

7-2W 
א 16-2אאאאFACLEאFfC(CL)KE 

א250 kHzK 

⇐∞===
0

V
I
VR in

in

in
in 

⇐== 0
I
VR

out

out
out 

 

R2

3.9 kΩ 

R1

100 Ω

Vout 

50 mVpp 
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 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

 
 

 

 
אW 

אW 

401
100

k9.31
R
RA

1

2
CL =+

Ω
Ω

=+=  

אW 
dB32)40log(20ACL == 

א:  

kHz25
40

MHz1f )CL(C ==  

אW 
ppppinCLout mV200)mV50(40VAV =×== 

 
אא17-2א 

17-2אWא7-2 

1k

32 

ACL(dB) 

f(Hz) 0 10k 100k 1M

25k

10 

 



א٢٦٠ א  א 

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

  

٢ J٢ J٩ J٣K אאFAmplifierComparatorWE 
אאאאK 

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

Wא18-2א19-2 
 

 
 
 

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20-2Kאאא

אVREFK 
 
 
 

 
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vin  

+Vsat 

-Vsat  

0  

19-2אWאא18-2אW

+VCC  

-VCC  
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אאאK21-2אאאאאK 
 

 
 
 
 
 
 
 
 

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

אאאF22-2אEK 
 
 
 

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

 
 

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

Vin  
+Vsat  

-Vsat  

0 Vref  

Vout 

21-2אW 

V 

t  

t  

t1  t2  

t1  t2  

22-2אWאא 

Vin  Vout  

1 V

0 

-1 V 

Vin  

T 
T/2  t  

+Vsat 

-Vsat  

0 

Vout  

T/2  T 
t  
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٢ J٢ J٩ J٤K אאאFSumming AmplifierWE 
אאאאאK 

אאאאK
אאא23-2K 

 
 
 
 
 
 
 
 

 
 

ACL1אv1K 
ACL2אv2K 
ACL3א٣vK 

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

3CL32CL21CL1out VAVAVAV ++= (14-2) 

 
ACL1 = -Rf/R1FE  ACL2 = -Rf/R2.ACL3 = -Rf/R3 

אW 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
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⎠

⎞
⎜⎜
⎝

⎛
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3

f
2

2

f
1

1

f
out V

R
RV

R
RV

R
RV (15-2) 

 
אא  Rf = R1 = R2 = R3 = RאF15-2EאאW 

( )321out VVVV ++−= (16-2) 
 

23-2אWא 

 

++
Vout 

--

Rf 

741

V3 

R1 

V2 

V1 

R2

R3
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 
 
 
 
 
 
 
 

 
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 
 

 
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 

 
 

 
 
 

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

Vout = -(V1 + V2 + V3) =-(0.1 V + 0.2 V + 0.4 V) = -0.7 V 

25-2אWF9-2E 

24-2אWF8-2E

8-2Wאא24-2W 

9-2W 
אא25-2K 
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Vout 

--

1kΩ 

741

0.4V 

1kΩ

0.2V 

0.1V 

1kΩ

1kΩ

 

++
Vout 

--

1kΩ 

741

0.5V 

1kΩ

2V 

5V 

500Ω

200Ω 
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 

 
 
 
 
 

٢ J٢ J٩ J٥K אאFDifferentiator AmplifierWE 
אאאאא
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KאאאK

אאKאאא26-2.א 
 

 
 
 
 
 
 

 
 

אא)v(fv inout = 
 

אאRFאE 
 

Rout Riv −=

אאCFאE 
 

inCdvdq =

א dtidq
dt
dqi cc =⇒=

אW 
אK 

אאאאW 

V5.11V5.2V4V5

V5.0
k2.0
k1V2

k5.0
k1V5

k1
k1V

R
RV

R
RV

R
RV 3

3

f
2

2

f
1

1

f
out

−=−−−=

⎟
⎠
⎞

⎜
⎝
⎛

Ω
Ω−

+⎟
⎠
⎞

⎜
⎝
⎛

Ω
Ω−

+⎟
⎠
⎞

⎜
⎝
⎛

Ω
Ω−

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ −
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ −
= 

26-2אWא 
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CR ii = 

dt
dv

dt
dvRC

dt
dqRRiv inin

Rout τ−=−=−=−= (17-2) 

WRC=τ 
17-2(א(אאF-τKE 

 
א27-2 28-2 29-2אאאK 

 
 
 

 
 
 

 
 
 
 
 

 
 

 
 
 
 
 
 
 

 Vin(t) 

t
0

 

 Vout(t) 

t

 
 

FEא27-2W FEא 

FE 

FE 
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 
 

 
 

 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

FEא28-2WFEא 

 Vin(t) 

tt1 t2 

t3 t4 
0 

FE 

FE 

 Vout(t)

tt1 

t2 

t3 t4 
0 

 Vin(t) 

tt1 

t2 

t3 
0 

 
 Vin(t) 

t
0

FEא29-2WWFEא 

FE 

FE 
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 
 
 

 
 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 

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

30-2אWא 

vin(t) [V] 

t(s) 
0.2 0.4 

10 

5

10-2W 
א30-2אאא 0 V10 V 0.4 sK 

 

אW 
אאKW 

 

V55.0
s4.0

V0V10)F2.2)(k10(
dt

dVRCV out
out −=

−
×µΩ−=−= 

 
אK 

 

 

++

--
741 

Vin 
2.2µF

10kΩ

Vout 
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٢ J٢ J٩ J٦K אאFIntegrator AmplifierWE 
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אאאא،א31-2K 
 

 
 
 
 
 
 
 
 
 

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

אאאW 
 

dt)t(v1dt)t(v
RC
1)t(v ininout ∫∫ τ

−=−=∆ (18-2) 
 

אאF-1/τE 

אאC
FאWE cout dvdv −=

אאR
FאWE       R

viRiv in
in =⇒=

אW
C
dqdvCdvdq cc =⇒=

אWidtdq
dt
dqi =⇒=

W                 
RC

dtv
R
v)

C
dt()

C
idt()

C
dq(dvdv inin

cout −=−=−=−=−=

א31-2 :א 

 

++
Vout 

--
741

Vin 

→ic

→iR 
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אא אאW 

τ
−=

∆
∆ inout v

t
v (19-2) 

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

א32-2K 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

11-2W 
   א33-2؟אאאאא 

 
 
 
 
 
 
 

 

32-2אWאFEאFE 

33-2אW11-2

 

++
Vout 

--
74110mV 

0.2µF

10kΩ 

 

 

t(s)

Vin(t)  

5mV

t10 

 

t(s)

Vou(t)

5V -

t1

0 

FE 

FE 
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 
 
 

 
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 
 

אW 
אאF19-2WE 

Vt5t)mV10(
F2.0k10

1tV
RC
1VV inCout −=××

µ×Ω
−=×−=−= 

אVC = -13VאאtW 

s6.2
5
V13t −=

−
−

= 

t1

 

t

Vin(t) 

t2
0

 Vout(t)

t t1 t2 
0

 

FEא34-2WFEא 

FE 

FE 
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 

 
 
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 
 

 
 

 
 
 

 
 
 

  
 

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

Vin(t) 

t 0 

 

t 

Vout(t) 

0 
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t
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Vout(t) 
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١٠- ٢-٢. אFFiltersWE 
אאK

KאFActiveEFPassiveE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 

אאאKאאW
אFLow Pass FilterEאFHigh Pass FilterE

FBand Pass FilterEFBand Stop FilterKE 
 

אW 

in

out
V V

V
A = 

אW 
)Alog(20)dB(A VV = 

אאW 

)(MaxA
A

A
V

V
VN = 

אאW 
)Alog(20)dB(A VNVN = 

 

אאאאא 37-2א40-2K 
W 

1K 
K 

 
 
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 37-2E:א Fאאאאאא .١-١٠- ٢-٢
FLow-Pass FilterE 
 
 
 
 

  
 
 
 
 
 

 
 

WfcאK 
٢-١٠- ٢-٢. אאאאאאF38-2EW 
FHigh-Pass FilterE 
 
 
 
 
 
 
 
 
 
 
 

37-2Wאאאא 

38-2Wאאאא

 

-3dB 

AVN(dB)

f(Hz)
fC 

0 

אא

אא

 

 

 

-3dB 

AVN(dB)

f(Hz)
fC 

0 

אא

אא

  
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12 cc ffBW −=

210 cc fff =

BW
f

Q 0=

٣-١٠- ٢-٢. אאאF39-2EW 
FBand Pass FilterE 
 
 
 
 
 
 
 
 
 
 
 
 
 

W fc1fc2אאK 
 

אאf0W 
 

אW 
 

אQW 
 

אQאK 
אאQ>10אאQ<10K 

 
 

 

39-2Wא 

f c1 

AVN(dB) 

f c2 

0 

-3dB 

f(Hz) 
f 0 

   
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12 cc ffBW −=

210 cc fff =

BW
f

Q 0=

٤-١٠- ٢-٢. אאאF40-2EW 
FBand Stop FilterE 

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

 
 
 

W fc1fc2אאK 
 

 

אאf0W 
 

 
אW 

 

 
אQW 

 
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١-٢. 500000Kא1VW 

K2µV 
K5mV 
K10mV 
K1V 

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

٣-٢. אFACLEW 
 Kאאא 
 Kאאא 
 Kאאא 
 Kא 

٤-٢. W 
 KאFACLE 
 KאFAOLE 
 KאFRinE 
 KאFRoutE 

٥-٢. W 
 KאFACLEא 
 KאFAOLE 
 Kא 
 Kא 

 
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٦-٢. W 
 Kא 
 Kאא 
 KאFRinE 
 Kא 

 

٧-٢. אאW 
 Kא 
 Kא 
 Kא 
 Kא 

 

אאא؟ .٨-٢ 
 Kא 
 Kא 
 K 
 K 

 

٩-٢. אW 
 K 
 Kא 
 Kא 
 Kא 

١٠-٢. אW 
 K 
 Kא 
 Kא 
 Kא 

 
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١١-٢. W 
 K 
 Kא 
 Kאא 
 Kא 

١٢-٢. W 
 Kא 
 Kא 
 Kא 
 KאאFEFE 

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

 
 
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 

 
 

٢ J١K אאאF41-2אE 

 
 
 
 
 
 
 

41-2א 

FEFE 

FEFE 
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 
 

 
٢ J٢K אא42-2W 

 
٢ J٣K אאאאאא43-2א 
FEiin،FEif،FEvout،FEאאאFACLKE 

42-2א FEFE 

FEFE 
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 
 
 
 
٢ J٤K אאא44-2؟ 

 
 
 
٢ J٥K אאאא45-2K 

אאאRfK 

→if 

43-2א

→iin 

44-2א
FEFE 
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 
 
 
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٢ J٧K אאאאא47-2א 

→if 

45-2א

46-2א

5 V 

vin   0  
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 
 
٢ J٨K FLow-Pass, High-Pass, Band-Pass, Band-StopEא

א48-2א 
 
 

 
 

 
 
 

 
 

٢ J٩K ؟אאאא 
 
 

 
 
 
 
 
 

 

47-2א

5 V 

vin   0  
10µs 
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f 
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f 
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FEFE FE FE 

48-2א
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אאא 

 
1-2 KFE ،2-2F KE ،3-2FKE ،4-2F KE ،5-2F KE ،6-2F KE ،7-2F KE ،8-2F KE ،9-2F KE،

2-10FKE، 12-2FKE، 12-2FKKE 
 

א 

 
٢ J١K FE١١،FE١٠١،FE٨}٤٧،FE٢٣K 
٢ J٢K FE١،FE١ J،FE٢٢،FE١٠ JK 
٢ J٣K FE455µA،FE 455µA،FE-10V،FE-10K 
٢ J٤K אאFEF97.5kHzE. 
٢ J٥K vout = -3.57 V, if = 357 µA 
٢ J٦K -4.46 mV/µs 
٢ J٧K 1 mA 
٢ J٨K FEBP،FEHP،FELP،FEBSK 
٢ J٩K אאאK 

 
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 
 

١-٢. אאW 
١K؟אא 
٢KאK 
٣KK 
٤KאאK 
٥KאFAOLE،CMRR

אאFAcmE؟ 
٦KK 
٧K؟אא 
٨K؟אא 
٩KFאE؟ 

١٠K؟אא 
١١KאאFKE 
١٢Kאא  V٠.٠٢  א 1V

אאK 
 
٢-٢. אאאאאW 

 
 
٣-٢. אאאאאאW 

yxyxf 53),( −= 
אאW10kΩ x 7;  20kΩ x 1;  50kΩ x 1;  LM741C x 3 
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٤-٢. אאאאWאK 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  : بعد القيام بالحساباتأملأ الجدول التالي 
  

V2  I3  I4  V1  I1  I2 AV(+)AV(-)VL IL 

                 

 
٥-٢. אא5V 

٦-٢. אא-4V 

٧-٢. אא3V 

٨-٢. אא1V 

 
 
 
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