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אאFא
Eא،אאאאא

אאאאאאK


אאאאא،אא
،אא

Kאא


אאאFאאEאאא
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א
OPERATIONAL AMPLIFIER


אאאאW
 אאאK 
 אאאF،א،،،K 
 אאאאאאK 
 אאK 
 אאאFאאKE 
 אאFא،אKE 
 אאאK 
 אאאאאK 
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אאאא
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אא
OPERATIONAL AMPLIFIER 

אאאאאFOP – AmpE
אאאאאאאאאאK

אאאIntegrated Circuit ( I . C )
אאאאFOperational 

AmplifierEאאאאאאא
אאאא

אFDCEאFEאא
אFpassive elementsEאא

אK
אאאאאאFאE

אאאאאאאK
אאאאא

אאאאKאאא
אאאאK

אאאאאא
אא

אאאאאאאא
אאFאEאאKאא

אאאאאK
אאאאא

אאאFאEאאאאאאF
common mode rejectionEאאאאא

אאאאFnoiseEאא
אאאאאאא

אאאאאKא



אאאא
אאאא
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אאאא
אאאאאאאK

אFV1 – V2EאFVoE
אאF+15 VEאאF-15VKE

אאאאאאF1 – 1KE


אאאאW








אאאא
אאאא
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אF١J٣EאאF741EאK




א offsetnull±  א
אאאא

אKאאK
אאאאF١J٢KE


אאאW

אאאאאK
١E אK 
٢E ،א،אאK 
٣E אאאאא 

אאK 
٤E אאאאא،אא، 
אKאאאא

אKKKK



אאאא
אאאא

 
 

- ٥ - 

אאאאFCharacteristics of op . ampE
אאאאא

אאאאאK
J אאאFldeal propertiesWE 

١E אאAVOL =CK 
٢E אRin =  ∞K 
٣E אRO = 0 K 
٤E אFEB =   ∞   K 
٥E FEאאCNMMR =   ∞ K 
٦E אFEאאאK 

J אאאאW 
١E אאאאAVOL > 100 000 K 
٢E אא    Rin >200KΩ K 
٣E אאאK 
٤E אאאCMMR = 90 DbK 
٥E אאאאאK 

אאאאאµA 708אא
741אאאאאאK

١E אאAVOL > 200 000 K 
٢E אRin = 2 MΩ K 
٣E RO = 75Ω K 
٤E CMMR = 90 Db K 

אאW
אFVoEאאאFV1 – 

V2EאF4 – 1EאאFVoEFV1 – 
2VEאא  

אFאאKEאאאאFV1 – V2Eא



אאאא
אאאא
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אאאF+15V -15VE
FV1 – V2KE




אאFV1 – V2Eאאא

אאאFVoEאאאKW
VO = AO ( V2 – V1 )                                              1            

א1אV1 = 0 אKW
VO = AO * V2                                               2            

אV2 = 0 אKW
VO = - AO * V1                                               3            

אF2E،F3EאFV2Eאא،
אF3EאFV1Eאא

אאKאFV1EאאFInvertingE
אFV2EאאFNan InvertingEא

אא
אKאאא

אאאאאKא
א،אאא،א،FאE،א،א،

،אאאאאאאאאאK
אK



אאאא
אאאא
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אFאאEאWinput offset voltage
אא،א

אKאאאא
אK

אאVosאאFאאEאא
K1mv741אא5mvK


אאאW

אאאא741אא1א5
אאא

אF١–٤–KEאאאFא
אEאאK


אFEאאW

א،אא
،א

אאאK



אאאא
אאאא
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א741אVcc = +15 v،VEE = -15vאאVo = ± 14 
vאא– 14 v+ 14 vK


אW

١K אאא 
אK 

٢K א،אאאאK 
٣K א،אאאK 
٤K אאFאאאEא 

אK 
٥K אאא 

Fא–אEKKKKKKKKKאאאK
٦K אא VCC ± K 
٧K אF،KE 
٨K אאאאאא 
אאאK 


אW


١Kאאאאop . amp ؟

٢KWאFאEop . ampKKKKKKKKKKKKKKKKKKKKKKKKK


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

٣K؟אאאאאא



אאאא
אאאא
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אאW
אאאW

J אאW 
אאאFא

אEIX = 0   ،IY = 0K 

 
J אאW 

אאאFאAEאא 
אFאBEVA = VBKאאאאא
0VD = VA  –  VB      0VD 





אאאא
אאאא
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אFאE
אא

( Experiment for input offset voltage )
אאאאאW

אאWאאאאK
אאאW

 K 
 א±15V – DCK 
 א741 K 
 DCK 
 אF10KΩ X 3  - 100KΩ X 2 – RV1 10KΩKE


אאW

١E אאאאF١–٥KE 
٢E אאאאאאF±15V – DCKE 
٣E אFvin1vin2EK 
٤E אאאאאאא 

אאא،אK



אאאא
אאאא
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٥E אאאאK
אאאF741EאFא1.5E

אאא
אF١J٥KE

אאאאאא
אK


W

אאאא،אאאK
74110KΩK


















אאאא
אאאא
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אאא
FInverting AmplifierE

אאאW


אאאאאאאF١J٦Eאא

א،אאאאא،
אאFאאEאK


אאאWNegative Feed Back 

אאאFOpen CircuitKEא
אאאאאא

Inverting inputאF١J٧EאR2א
אאאא،אא



אאאא
אאאא
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אFאאEאא
אאאאW

١E אאאFGain StabilityEאא 
אאK 

٢E אאאאK 
٣E אBand WidthK 
٤E אאFאאאאdistortion  harmonicE 

אאWVirtual Ground
אאאאF١- ٧Eאא(-)

אR1אא،R2אאאא
אEHFK

،אאאאAאאBF VA = VB
EKאאAFGround EאB،

א Virtual GroundאאBFאאE
،אאא،FBEא

،אאאא
אאR2F Ix = 0אאKEאאא

אאVirtual Ground Amplifier K
א–אW

אאאF١- ٨EאK


אאW
١E ،אאIx = 0אאאR1  

אאאאR2K 
٢E אאFVA = VB =0KE 



אאאא
אאאא
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אאאW
אאWאאאאK

אF١- ٩EאK


אאvoא

+vcc -vccFKEא
±vcc Fpositive or negative supply rail voltageKE

אאאKW



אאאא
אאאא
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אאאאאאאIאאR1
אאR2אאK

1


2
R2

VoV1
R1

V1VinI −
=

−
=

אאא


3
אF1EאF3EאאKW

V1AoVo ∗−=

                                                4
Ao
VoV1 −=


א4א2




R2
Vo

R1
Vin −

=
אא

Vo)(R1VinR2 −∗=∗

אR1 * VinאאK

R1
R2

Vin
Vo

−=


אאR2FאאER1
K

אאאאא180˚Kאא
K



אאאא
אאאא
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אא
FNon Inverting AmplifierE


אF١- ١٠Eאאאא

אאK
1


                                     2                                                 


3   

R2R1
R1VoV1

+
∗

=
א2א3א1אW

)
R2R1
R1VoAo(VinVo

+
∗

−=
אAO 

R2R1
R1VoVin

+
∗

−=
Aoאאא

R2R1
R1VoVin

+
∗

=
Vo א

R1
R2R1

Vin
Vo +

=




אאאא
אאאא
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אא
R1
R21

Viv
Vo

+=


W
١אאאאאR1 = 100KΩ R2 = 500KΩ

אאאאVin = -2 v؟
٢אאאאאR1 = 100KΩ R2 = 500KΩ

אאאאVin = 2 v؟
٣WאאאאKKKKKKKKKKKKKKKKKKKKKKKKK

אאKKKKKKKKKKKKKKKKKKKKKKKKKKKאאאKKKKKKKKKKKKK
٤אאאא؟אא



אאאא
אאאא
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FאFאE
אא

FCircuitfor Inverting AmplifierExperimentE


אאW
 אאאאאאאK 
 אאאאאאאא 
 אאאא،אאK 


אאאW

 אK 
 ±15V DCאK 
 א741K 
 אFOscilloscopeKE 
 אK 
 א w½F100kΩ – 10kΩ – 2.2kΩ – 1kΩ - 100Ω X 2KE


אאW

אאאאאF٢Eא100kΩRg=،100ΩR1=
אאאאאאאK



אאאא
אאאא
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אW

אאDCאACKאאאא
אFGEKאG

אאאאK
אאאאאW

VE
VAG −=K

אאאFJEא  (R1)א
אEHF  (Rg) אא
FאאEאאאאאאא

אאאK


אאW
١E אאאאאF٢J١EאFR1 = 100Ω

Rg =  
F100kΩKEאאאאGאKא
100mvאאאKאא

אאא( Oscilloscope )אא
אאK 

٢E אF1EאFR1 = 100kΩRg = 10kΩKE 



אאאא
אאאא
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٣E אFR1 = 1kΩRg = 10kΩEא100mv 
אאאKאאאאא

( Oscilloscope )     אאאאאאא
K 

٤E אVEאאVAאאKאאאא 
אVEKאאF400HZKE10mvK 

٥E אאא100mvK 
אFR1 = 100ΩRg = 100kΩEG = 

F ( HZ ) 100 400 1K10K 100K 200K 
VE ( V ) 0.01 0.010.01 0.010.01 0.01 
VA ( V ) 

G 
אFR1 = 100kΩRg = 10kΩEG =        

F ( HZ ) 100 400 1K10K 100K 200K 
VE ( V ) 0.01 0.010.01 0.01 0.01 0.01 
VA ( V ) 

G 
אFR1 = 1kΩRg = 10kΩEG =

F ( HZ ) 100 400 1K 10K 100K 200K 
VE ( V ) 0. 1 0. 10. 1 0. 1 0. 1 0. 1 

 
G 
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אאא؟



אאאא
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אFאE
אא

FCircuitfor Noninverting AmplifierExperimentE


אאW
 אאאאאאאK 
 אאאאאאאא 
 אאאאאאאK 

אK 
 אאאאאK 


אאאW

 אK 
 ±15V DCאK 
 א741K 
 אFOscilloscopeKE 
 אK 
 א w½F100kΩ – 10kΩ   – 1KΩ EK 


אאW

אאאאאRg אFא
אEאVin אאאא
Vin K





אאאא
אאאא
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אאW
 

 אאאאאF٢-٢EאאK 
 אא1אkHzאאאK 
 אא2V/ cm1ms/cmאאאאא 
5V/ cm1ms/cmK 
 אאאאFVinKE 
 אאFVoutEאאאאK 
 אאאFAmplitudeE 
אK 
 אאאאאאאאאK 
 אאאאאא

K 
 אאאאאאאא 
אK 

 



אאאא
אאאא
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אאאא
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אא     AV =
١אאאאאR1 = 10KΩ R2 = 100KΩ

אאאאVin = 0.5 v؟
אWאא10K10

K100
1R
2RAv −=−=−=


אVo = ( -10 ) * 0.5 = -5V                                    

אאאא180˚


א٢אאאאR1 = 1KΩ R2 = 10KΩ
א؟

אWאא 111K
K1011R

2R1Av =+=+=



אאאא
אאאא
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אא
Summing Amplifier  )   E

אאאW
אF٢- ٣EאאאאK




אאK
אאא

אאאאאאאאא
א،אD/A converterK

אאאW
אאWאBאאAVB = 0K

3
33 R
VI =،2

22 R
VI =،1

11 R
VI =

אאWIX = 0אאI = I1 + I2 + I3                                                     
אVO = - I R4  VO = -R4 (  I1 + I2 + I3  )    

א(1)א (2)
אאאW

)3R
3V

2R
2V

1R
V14(RVO ++−=



אאאא
אאאא
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R1 = R2 = R3 = R4א
VO = - ( V1 + V2 + V3 )                                                                        


W

١K א(4)אאK 
٢K אאאאאא . 180° 

W١
אאאאאW

R1 = R2 = R3 = R4 = 33KΩ                                                 


אW

)3R
3V

2R
2V

1R
V14(RVO ++−=

R1 = R2 = R3 = R4                                                                         
אVO = - ( V1 + V2 + V3 )

VO = - ( 0.5 + 1 + 0.3 ) = -2V                                                              



אאאא
אאאא
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אאאא
אאאא
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אFאאE
אא

FExperiment for Summing AmplifierE


אW

אאKא
אאאKא

אאK
אאאW

 K 
 FFunction GeneratorKE 
 ±15V DCFPower SuppliesKE 
 א741FOp AmpKE 
 א10kΩ x 322KΩ  &  33KΩ & 27KΩ &K 
 אאאFOscilloscopeKE 
 אאFAVOKE 



אאאא
אאאא
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אאW
١E אאאאF٢-٤Eאא1Vppא

1KHz    KאאאאF١KEא 
אVout ( Vpp)אאאF١KE 

אF1E
                                             A2 =            A1 = 

S1 S2 V1 V2 Vout 
Open Open0 0 
OpenClosed0 1Vpp 

ClosedOpen1Vpp0 
ClosedClosed1Vpp1Vpp

 
٢E אאאאF٢- ٤KEאאV1 V2אא 

אאKאVout ( Vpp)א
אF٢KE 

אF2E
                                     A2 =       A1 =   

S1 S2 V1 V2 Vout 
Open Open0 0 
OpenClosed0 1Vpp 

ClosedOpen1Vpp0 
ClosedClosed1Vpp1Vpp

 
٣E אF٢- ٤EאאFS1 – S2Eאא

1VppאR1 = 22KΩ10KΩK 
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٤E אF٢J٤EאאFS1 – S2Eאא
1VppV1 = V2 =אאR1 = 33KΩ22KΩK 



אאאא
אאאא
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אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٥E אF٢J٤EאRF = 27KΩ R1 = R2 = 10KΩKא

אאF٣KE 


 


אF3E
V1V2 0.5 Vpp 1 Vpp 1.5 Vpp 2 Vpp 
Vout   

Vout   
 

٦E אאF٢–٤EאאF٥EVinאא 
אF٣EאFS1 & S2EאאאFVoutKE

















אאאא
אאאא
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אאFאE
Difference Amplifier

אא F٢-٥Eאאאאא
אאKאא

אInsturmentation Amplifierאאא
אאאTransducersKא

אאאFאEאאJאא
אKאאאא،א

אK
WאR1 = R2 אאV1אV2K


אאW

2)V(V11R
2RVO −=1R

4R
1R
2R =









אאאא
אאאא
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א
Comparator

٢–٦EאKאאאא
אא،א

F300 000EאFEא
FVsatEVccאאK




אF٢–٧EאאאאVd 

= V1 – V2אVerrorאאW
١K V1 > V2אFאVdEא
+VsatK 
٢K V1 < V2אVdא-

Vsat K



אאאא
אאאא
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אאW
אVd = V1 – V2אK

Vsat = Vout =( V1 – V2 ) Avol אFאKE
2VV1

Vsat
Vd

VsatAvol
−

==אאK
אV1V2א±Vsat

אאV1V2אאאVsat
אאVccאאאK

אאאW
אאא

אאאPN0.6
אאא،א/

go – no go detectionאF٢–٨Eא/א 
( Vref ) reference voltageאאאVinא

VrefאאאFVo = + VsatEאKא
אאאאFVo = - VsatKE


אF٢–٩Eאא/א

 V
R2R1

R1Vref
+

=אאVinVrefא
אאFLEDEא،אVinVrefאא

אFLEDEאK



אאאא
אאאא
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אאאאאא
אKאאW
١K אFאאאאEאאK 
٢K אאאאFאKEאא 

אאאאאאא
א

א،אאK 

אW
אאאאאאאא

אאאF5VEאאאא
אאאאאאא

אאאאאאא
F+15VEאאאאאFאאE

אאF5VEאאFאEא
F+15VEאK








אאאא
אאאא
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אאאא

אF٢-١٠EאK


،אאאאon

FאאE__אאאאאK
אאאא off Fאא

אKE
אאאK



אאאא
אאאא
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אFאE
א

FHalf – Wave Rectification CircuitE
אאW

אאאF741KE

אאאW

 K 
 אFFunction GeneratorKE 
 אF10kΩ x2 – 1kΩKE 
 אIN4148IN914K 
 741K 
  0.47μf x2K 
 אאFAVOKE 
 אאFOscilloscopeKE 

אאאW





אאאא
אאאא
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אאW
 אאF٣-١EאK 
 אאAאF10KΩEאDC 

אK 
 אF100HzEF2VppKEאאK 
 אאKאVPאTK 

Vp =                                                                                                          
T =                                                                                                       

 אאאאFאאEאאK 
 F100μFEאאאאאK 
 אF100HzEF2VppKEאאK 
 אאKא؟ 
 אאאFאאEאאאאא 

K



 





אאאא
אאאא
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אאאא
אאאא
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אאאא
אאאא
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אאאאא
WSquare Wave Genrator

WSchmitt Trigger
אאא/F

אאאאEאא،hysteresisK
אF٣–٢E،F٣-٢-E

+Vsat–VsatKאא،אאא
אW

١K אאFאאEUTPאאא 
אא+Vsatאא–VsatK 

٢K אאFאאELTPאאא 
אא–Vsatאא+VsatK 

אF٢-٣-Eא/FE
אK


אF٣–٢–EאW

١K אא+VsatאVni 
FEאאUTPK 

٢K אאאאVinאאאאא 
א–VsatK 



אאאא
אאאא
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٣K א–VsatVinFEא 
אLTPK 

٤K אאאאLTPאאא 
+VsatאK 

אאW
אאאא

אאFאEאאא
OP . AMPR1R2אF٣–٣- Eא

אאאF±Vsat = ±VccEK
אאFUTPEאFLTPEאאא

אא+Vccאא–VccW
אאאVcc2R1R

2RUTPV1
+

==


אאאVcc2R1R
2RLTP2V

+
−==







אאאא
אאאא
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FWE
 

١E אW 
אאא

אאאאאאא
אאKאF٣–٣–KE

5Vאאא
אF٣–٣–EאK

R2 =2KΩ - R1 = 18KΩ  - Vcc =±10V
אאFV1 = 1V (UTPא،FV2 = -1V( LTPא

F٣–٣–EW
١K א–Vcc( UTP ) V1 = 1V < VS < V2 = -1V ( LTP )      
٢K א+Vcc  V2 = -V1 < VS < V1 = 1V 


W

١E R1R2VccאאאV1אא 
V2אSymmetricalK 

βVccVcc1R2R
2R2VV1 =
+

==Fβ<1KE
٢E V1V2א 

אK 
 
٢E W

אאאאא
R3אאא

CאאאאF٣-٤ - E
אCאאאUTPLTP
אF٣-٤ - Eא+Vcc–Vcc
אF٣-٤ – KE



אאאא
אאאא
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אאאאVccR3C 

אאUTPאLTPFR2 –R1KE
R3 = R1 = R2אאTKT= 2.2 * C * R3 


Triangular Wave :

Kאאאאאאאאא
אאCK

אF٣–٥Eאאאאא
FIntegratorKE


אFאאE

K




אאאא
אאאא
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אF٣–٦Eאאאא
א

אK





אאאא
אאאא
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אFאE
אאאאא

( Tringular and Square Wave Generator )
אW

אF٣–٧Eאאאא
אKאאIC1אאאא

אאאאאאKא
אCK

אF٣–٧Eאאאאא
FIntegratorKE

אאIC2אאא
אאאFאKEאאP2 P3

אKאאאK





אאאא
אאאא
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אאאW
 K 
 F±15V DCKE 
 אF10kΩ – 1kΩ-100KΩ) 10KΩE 
 א 741K 
  0.1μf K 
 אאFAVOKE 
 אאFOscilloscopeKE 


אאW

1 אאאאF٣–٧EאאאK 
2 אאאאאFIC1 – IC2Eא 
אF1KE 
3 אאאאאאאAא 
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אאF( 1 mA500 500 500 500 





אאאאא
אאאאא

 
 

- ١٠٤ - 

אאW
אאאאאאאא

אKאF٧–٣EF٧–٤EאאאאאK
אאאאאאFNPNE،

אאFPNPKE


60mAאאEאאFאא

אאאא،،אK
אאא5Aא،0.1 ΩK


אאאאאTR1אא

אאKא،א12V،
אא2˚LFאEא،2AKא5A،

אא0.75˚LFאKE



אאאאא
אאאאא

 
 

- ١٠٥ - 

אאאאאאאF9V – 12V …..E
אאאאאאא4V

7VK،א12Vא12VK
אאאאאאא

אאאאאFאאא
אאKEאאא

אאאאא،5AK


אאW
אאאFאF٧

–٥EFEFEאFאF٧–٦EEאא
אאאאאאא0.6V

FאאאאKEאאאאא
אא1.2Vא،KKK

אאאF٧–٥–Eאא
אאKאאF٧–٥–KE

אאאאאFאEאאK


אאאאF٧–٥FEEFEא

אKאאא،א



אאאאא
אאאאא

 
 

- ١٠٦ - 

אאאאאF٧–٦KEאאאאא
אאאאאא5V

א9.1VK
אא12Vאא12Vא17.5VK

אא،א24VK


אאאאW

אאא
LM317LM338Kאאאא_א

1.2V30VFאאאאאE،
אא،אאאאאאK

אF٧–٧EF٧–٨EאאKאאא
F٧-٧EאאאLM317Fא2א˚L

E1.5V13Vא
1.5AKאF٧–٨Eא5Aא
9.5V13VFאאאLM338Kא1˚L
،KEאא-12VK



אאאאא
אאאאא

 
 

- ١٠٧ - 


אאאא،א

אאאL200א2.8V36V
א2AK


אאאאL200אאK

אF٧–٩EאאLא12V
1A Kאא،אאW

א)V
R1
R22.77(1Vout =

אאIout max =   



אאאאא
אאאאא

 
 

- ١٠٨ - 





אא5אVאאאאIC 7805W


אא5VTTLא
אאאVoltage RegulatorאאK


אF٧–١٠Eא5V1Aא،D1

אC1אא10Vאאא،
IC1א5Vא،C2C3אא



אאאאא
אאאאא

 
 

- ١٠٩ - 

אKאאאאLED1 – LED2
אKאאאאHeat Sink

אאאא،
K

אאאאD19V،،א
אאאK

אא15אVW
אF٨–١EאF±15VKE






אF٨–١E



אאאאא
אאאאא

 
 

- ١١٠ - 

אFאE
אא

Experiment for Voltage Regulator IC )E 
אאW

אאאאאאICא
אאK
אאאW


 K 
 V DC0V 30V K 
 אF– 680Ω  150ΩKE 
 IC 78L05AK 
 אLEDK 
 אאFAVOKE 
 100nf / 50vK 

אאאW





אאאאא
אאאאא

 
 

- ١١١ - 

אאW
١E אאאאF٨–٢Eאא 

אאK 
٢E אאA & BK 

 
٣E אא C & D K 
٤E אאאF١EאK 
٥E אF0VEאאאA & B

 
אE & FאאאK 

٦E אאאF٢EאK 
אF١E


30201514131211109 8 7 6 5 4 3 2 Vin / V 
Vo / V 

 
אF٢E


5 4.5 4 3.5 3 2.5 2 1.5 1 Vo / V
Io / mA 











אאאאא
אאאאא

 
 

- ١١٢ - 


אאא 

אאא
 
 


אאWאאאאFICEאאK
 


אאLJ J J J J J J J J JאLJ J J J J

אLJ J J J J J
א١٢٣٤

אLJ J J J J
٢٥אאא٨٠٪

אLJ JJ J Jאאא١٠٠٪
 

א א 

אאאאK  

אאK  

אאאאK  

אאK  

אאאא
אאאK 

 

אF+5VKE  
 



 

 

 

אא

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]<

אאאא 




א




٥

אאאאא

אאאאאאאא  



אאאאא
אאאא

 
 

- ١١٣ - 

א
( Sensors )


אאאאW


 אאאאאאK 
 אאאאאאאאאא 

א،אאאאאאאK 
 ،אNTC،PTCK 
 אאאאאא 
 א،אא،אא،אא 

،אאאא، 
 אאK 



אאאאא
אאאא

 
 

- ١١٤ - 

א
( Sensors )

١JאW


א؟אאF
אEאאאאאאK

אאאאאא
אאאאFPhysical VariablesEא

אK
WאאאאFControlled VariablesE

א،אאאא،א،א،א،א
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،אאאאאאא
אאאא

אאאאאאאF١Eאא
אאאא

אאFאאאאEאאאK
אאאאאW

אאFTTLEאאFCOM`SEאאא
אאאאאאאא

אאאFTTLE0.8FE
F0E،2.5F1EK

אFCOM`SEאאאא
70%אאF1Eאא

30%F0VKE
אאאאאאא،

F١١- ٤KE





אאאאא
אאאאא
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אאאF١١-٥Eאאא
אאאTTL אאאאאFHE،

אאאFLEאאאK

אאאW
 

 K 
 DC V5 V ) ±(K 
 אFR7 =82KΩ – R1 = R2 = R5 =10kΩ - R3 = R4 = 330Ω  
R6 =1KΩKE 
 אIN 4148 D1  ،D2K 
 400 mw / 3.3 VD3    K 
 10 mA،،LED1 -  LED2  - LED3 K 
 אNPN אBC 107T1  - אPNPאBC 157T2 - K 
 אאא XORא7486 IC1   - K 














 



אאאאא
אאאאא
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אאאאW

 


אאW
אאאFHEאאTTL2V

אאא0.8 VKאא1 : 2 V
אT1 

אאLED1K
،אאT2،T1

אXORLED3 ،אאLED3
אKאאא

T2 אאLED2 K



אאאאא
אאאאא

 
 

- ١٥٥ - 

אאא 

אא
 
 


אאWאאאאאאאK


 


אאLJ J J J J J J J J JאLJ J J J J
אLJ J J J J J

א١٢٣٤
אLJ J J J J

٢٥אאא٨٠٪
אLJ J J J Jאאא١٠٠٪

 
א א 

אאאאK  

אאאאאK  

אאאאאK  

אאאאאK  

אא
אאאK 

 

אאLאLאK 



 

 

 

אאאא

 

אאאא  

אאא
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אאאא 


א





א




٧
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אא
Electrical Instrumentation


אאאאW


 אאK 
 אK 
 אאFאKE 



אאאאא
אאאאא
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אא
Electrical Instrumentation

אWIntroduction
אא،אא،

אKאאאא
،אאא،אאאא

Kא،אאאא
،אKאאאא

אW
١E אאK 
٢E אK 
٣E אאK 


WאאאW

،אא،א
אאKאאא،

אאאאא،אאא،אא،א
אאאKאאאאK

 

 אאאK 

 אאאK 

 אאK 

 אאאK 

 אאאK 

 אFEאK 



אאאאא
אאאאא
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אאאאאאא
אאא

אאאא
١אLength l FmeterEm 
٢אMassk אFkilogramEkg 
  Time t FsecondEsא٣

٤אאTemperature T 


Fdegree kelvinE 
Kº 

٥אLuminous 
intenity 

FcandelaECd 

٦אאElectric current i FAmpereEA 
אאא

٧אאאא
Electromotive force 

V FVoltEV 

٨אQuantity of chargeQ FCoulombEC 

٩אא
Electrical resistance 

R אFOhmEΩ

١٠אCapacitance C אFFaradEF 
١١אאאInductance L FHenryEH 


אW


אאאאא
אאאאאא،אKאF١Eא

אאאאFSIEאאאK



אאאאא
אאאאא
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אF١E
א

Power of 10
אא

Metric Prefix 

106Mega ( M ) 

103Kilo ( k ) 

10 3−Milli ( m ) 

10 6−Micro ( µ ) 

10 9−Nano ( n ) 

10 12−Pico ( p ) 


١WאאאאF٣٠٠٠E،F٦٥٠٠KE
Wالحل

3000 = 3 x 1000
 

= 3 x  
=   3 k

6500 = 65 x 100  


= 65 x


٢אאאאאאK
١K F2EK 
٢K F1327EאK 
٣K F8.2EK 
٤K F680EK 

אW
F200،1.327،8200،0.68KE



103

102



אאאאא
אאאאא
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WאW


،،א
אאא،אאK

א،אא،،אKאא
،אא،אאא،אאאKא،

،אא،אא،אא،אKKKKKאK
אא،אא،אאאא،

א،אאא،אא
א،אאK

אא،אאאא،אאאא
אאאאאאא،אאאאK

אאא،،אאאW
J אאאאW،אאאא،אאא 

،אאאאK،אאאא
א،

،א،אאאא،K،אא
אאאאאא،אא،א

K 
J אאאאW،אK 

،אאK
אאKאאא،א

אאKאא،
K 

אאא
אא،אK

אאאW



אאאאא
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 אאאK 
 אאאאK 
 אאאאK 
 אאאK 
 אאK 

אאאאKאא
אאאאאK


WאאW

אאError Sources in Measurements
אאא

،אאW
J אאFInstrumental ErrorEW 

١E אFWJJKE 

٢E אFWאאאאאאאאE 

٣E אFWJKE 

٤E אFWJKE 

J אאFGross ErrorEW 
١E אK 
٢E אאאK 
٣E אאאאK 

J אFEnvironmental ErrorKE 
١E אאאאWאאאאאK 
٢E אאWאאאא 



אאאאא
אאאאא
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אאאאאאא
K 

אאאא
אאאאאא،א

אאאK
FExpected ValueEאאKאא

،אאאאאFErrorE
אאאאW

١E אFAbsolute ErrorKE 
٢E אFPercentage ErrorKE 

אאאW
אFErrorWEאאאאאFTrue valueEא

אאאא( Absolute Error )
אא  ( Relative Error )K

אאFWea ) Absolute ErrorW
אאאאאK

אW
e = Yn  -   Xn

W
e WאאK

YnWאאK
XnWאאK

אאFWer )  Relative ErrorK
אאאאאK

אW
 

Relative Error =                                                                     
 

 



אאאאא
אאאאא
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אאPercentage Error
אאאאאK

אW
 
 

                                                                                    Relative Error = 
 
 

אW
אAccurracyWאאאK

אאRelative AccuracyK
אאFAWEאאאאאK

אאFAEW

 
FWAEאאK

אאאPercentage AccuracyK


אאאFaEאאאאאK
 

 
FWaEאאאK
W

אאאאF50VEאא،
F49VEאW
١E אאK 
٢E אאK 
٣E אאK 
אW

 אאW 



אאאאא
אאאאא
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e = Yn  -  Xn   =  50  -  49  =  1 volt 
 אאW 

 
                                                 = Relative Error 

 
 אאW 

 

 
Kאאאאאאאאא
 

אאאאאE٪F
١א0.2 0.2±
٢0.5 0.5±
٣א1 1  ±
٤1.5 1.5±
٥א2.5 2.5±

W
١אא1.5 Aא،

1.46AK؟אאא،אאא 
٢אאאאא

א؟
אאE٪Fאא
١1KΩ 5% 
٢100Ω 10% 
٣100KΩ 0.2% 
٤56KΩ5% 
٥4Ω 20% 
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אאא
 

אא
 
 

אאWאאאאK


 


אאLJ J J J J J J J J JאLJ J J J J

אLJ J J J J J
א١٢٣٤

אLJ J J J J
٢٥אאא٨٠٪

אLJ J JJ Jאאא١٠٠٪
 

א א 

אאאאK  

אאK  

אאאK  

אאK  

אאאK  

אאאאK 
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٨
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א
(Measuring Instruments)


אאאאW


 אאאאK 
 אאאאאאאאK 
 אאאאאאאאK 
 אFSeven Segment - DisplayEK 
 Kאאא 
 אאאאK 
 אאאVrmsVmKא 

אאאK 



אאאאא
אאאאאא
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א
(Measuring Instruments)

אW
אאאאאאאא

א،אאא
א،אאאאא

אאאאאאK
אאאאאאא

אאאאאאK
אאW

 אFAmmeterWEאאK 
 אFVoltmeterWFאאK 
 אFOhmmeterWEאK 

אאאאאא
אאאאFMultimeterE
،אאאאK

אאא
FAnalog MultimeterEאאFDMMEDigital Multimeter

אאאאא
אאאאא

אא،אאאאאאאא
FEFEאאאא،

אאאאאא
אאאאא

،אאא
אאK



אאאאא
אאאאאא
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אFEאאFAnalog MultimeterKE

אFEאאFDMMEDigital MultimeterKE
אאאא

אאאאאאאאא
אאאאK


WאאAnalog Multimetr


אאא،אא

אאא،אאא،אאא
אאאא،אאאא

אאאK،א
١٩١٠FGalvanometerKE



אאאאא
אאאאאא
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אW
א،אאאאאאא

،א،א،KKKK،،
אאא،אאא،

אאאאאאאK،א
אאאKאא

אאK
 אאאW 
١E אK 
٢E אK 
٣E אאאאאK 


אאW
אF١١-٦Eאאא

אFDC–AE،FAC–AEא،אאFDC-VFEAC-VKEא
אאK



אאאאא
אאאאאא
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אF١١-٦EאאאW
 אאWאאK 

HJKאאאאא
אאאאאאK

אאאאאאאאK 
 א : يستخدم هذا المفتاح لمعايرة الجهاز أي ضبط موضع الصفر عندما لايكون

ضبط ومعايرة بعد  إلى  ويحتاجن في الملتيميتر التماثلي أجزاء متحرآة مستخدماً، وذلك لأ الجهاز
 عدة استخدمات

. 
 אאWאאW 
١E אאFDC. VoltEאא،K 
٢E אאFAC . VoltE،אאK 
٣E אאFDC . CurrentEאא، 
٤E אאFAC . CurrentEאא،K 
٥E אFOhmsE،אK 



אאאאא
אאאאאא
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 אאאW 


אF١١-٧Eאאא

אאאאK
אאאאאאאW 

 אאאאא 
אאK 

 אאאא 
אאאאא

אאאאK 

 ،אאאאא 
אאאKאאאK 

 אאאאאאאאא 
K 

 





אאאאא
אאאאאא
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 אאאאאאאאK 
 אאאאאאא 

HF،JEא،אאADJאאאא
אא،א

אאאאK 
 אאאאאאא 

אאאK 
 אאאאK 

אXאZאא
W

אאאאאאאF١١-٨Eא


אW

אאא،אא
אFDC.VoltsKE

אאא،
600אV،אא60،אא55،

אאאאאאאאK



אאאאא
אאאאאא
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אאאא،300Vא

275אאא،K


אאאאאF١١-٩KE؟א


אWא،אאאא

אKאא50אאא،
אאK

אאZ50   X  10Ω 
אאZ50Ω



אאאאא
אאאאאא
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אאאאאW


אאאאא،אאא
אאFDC.AEFAC.AE،

אFAEאFmAEאאא،Kא
אאאאאF١١-١٠KE




אFEאא،

אWאאאאא،א
אאאאFEאא

אFEא،אאאאא
،אאאK



אאאאא
אאאאאא
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אW
אאא

אאאאFDC.VEאאFAC.VE،
אאאאאאאK


אF١٢-١EאאאFDC.VE

אאאאאאא،א
،אאאאאאאK

אW
אאא،

،אFOHMSEΩאא،א
،אאאאאאאא،
אאאאאאאאא

אF١٢-٢KE






אאאאא
אאאאאא
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WאאFDigita; MultimeterWE


אא،אא

אאא
אאאאאF١٢-٣Eא

א،אF١٢-٤EK


אאאאאא

،אאאאאאאאאא
אאאאאא

אK
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אאאW
١E אאאאאK 
٢E אאאאאאK 
٣E אאאK 
٤E אאאK 
٥E אK 

אאאW
אאאאאא

אאF،،Eאאאאאא،
אאאאאאאK

אאאאאW
אאאאאא،אאא

אאאאאKאF١٢-٥E
אאאאאאאאW

 אWא 
אאK 

 אWאאF10אEאא 
EHF،אאאFJKEא

K 
 אFאWEאאK 
 Wאאאא

אK 
 אאאWאאא

K 
 LאאWאאאFEא
אאK 





אאאאא
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אא
אאW

אאאאא
אאאKאא،א،א

FDigital Display deviceKEאאאא
אאKאאאאא
אאאאאאFSeven Segment DisplayEא

אאאKKKKKאאא،א
،،א،FCommon AnodeE

FCommonCathodeEאF١٢-٦Eא
FEא،FE،F١٢-٧E

אFFND510Eאאא،F330ΩE
אאאF+5VKE



אאאאא
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אF١٢-٨EאאאF9-0EK





אאאאא
אאאאאא
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אאWFLCDE
אאאאאאא

אאFnematicEאאFnematosEאFאE
אKאF١٢-٩E

אאאא،אא
אF1.5 V30 VE

אאאאא،אK





אאאאא
אאאאאא
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אאאאאW
J אאא،אאאF140E 

LאF20LאEF40ELא
אK 

J K 
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אאא 

אאא
 
 


אאWאאאאאK


 


אאLJ J J J J J J J J JאLJ J J J J
אLJ J J J J J

א١٢٣٤
אLJ J J J J

٢٥אאא٨٠٪
אLJ J J J Jאאא١٠٠٪

 
א א 

אאאאK  

אאK  

אאאאK  

  Kאא

אאאאK  

אאK  
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א
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א





٩
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אא
(Osculloscope) 


אאאאW


 אאאאK 
 אאאK 
 אאאאK 
 אאאאK 



אאאאא
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אאא
(Osculloscope)  

אאאאאא
אאאאאא
،אא

אאאא،K
אF١٢-١٠Eאאאא

אK


אF١٣–١EאאאאאאK







אאאאא
אאאאאא
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אW
F١٣-١Eאאאא

אאאאאא
FCRTEאאא

אK
אאאW

 אFSCREENE 
           אאאKא

F١٣-٢EDivision ( Div)
אאF1cmEא

F0.2cmEW
 אאW 
אF8cmEDivision ( Div) 
 אאW 
אF10cmEDivision ( Div)





 



אאאאא
אאאאאא
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 אWאF١٣-٣E،אא
א،אאאאK


 אFINTENSEאFאFEFOCUSE
אאאאא،א
אFINTENSEאאאא
אFFOCUSEאאא
אאאF١٣-٤EK


 אאFTIME / DIVWE
אאאאFאE
F١٣-٥E





אאאאא
אאאאאא
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 אאFX-POSWE
אאאאא،א
אאאאאא،F١٣-٦EK


 אאFY-POSWE

 ووظيفتهالعكس ،  أواليسار إلى  نوع الذي يتحرك بشكل دائري من اليمينمفتاح من ال            
 .يبين ذلك ) ٧ -١٣(العمودي، والشكل محور االخط أوالإشارة الظاهرة على شاشة الك تحري

             

 
 אFVOLTS / DIVWE
אאאאFאE
F١٣-٨E


 

 אFDC / AC / GNDWE
אאאאאאא،א
אאF١٣-٩KE



אאאאא
אאאאאא
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 אאFCH.I  /  CH.IIWE
אאאא
אאאא،
FCH.IEאאאאFCH.IIE
F١٣- ١٠KE


 אFCH I/II – DUAL – ADDWE
אאF١٤–١E،אאא
אFCH.I / IIEא،אאא
אFDUALEאא،אא
FADDEאאK







אאאאא
אאאאאא
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 אFINVERTWE
FINVERTEאF١٤–٢Eאא

אK


אאאאW

אא
FProbesEא،אW

אאאאאא
BNC-BNCאאאאאא

אאF١٤–٣E


אאאאאאא

BNCאאא
אאאאאאא

אאאאאאא،
אאF١٤-٤KE



אאאאא
אאאאאא
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אאאאאא

אאF١٤-٥KE




אאFSETUPE،
Wאאאאא



אאאאא
אאאאאא
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١E אאאWאאאא
FOUTEF١٤-٦–KE

אאאFUPE
F١٤-٦–KE

אאאאאאא
א

אF١٤-٦–E
אאאא

אאאאאאא،
אFCALEF١٤-٦–KE


٢E אאW 

 אאאאאK 
 אאאאאאא 

אF١٤-١KE 
 אאאאאאאF١٣- ٩E 

אFGNDKE 
 אאאאאאא 

אאK 
 אאאאאFX-POS، 
Y- POSKE 
 אאFGNDEאFDCEאFACE 



אאאאא
אאאאאא
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אאאK
אאאאא
אאאאאא؟אאאאא
אF0˚180˚EאאF180˚360˚E

א،אאאF١٤–٧EK


אW

אאFVmaxEWאאK
אאFVminWEאאK

אאFVPEWאא
אK

אאFVp.pEWאאFVp.p = 2VpKE
אאFVrmsWEאאא

אאFאEאFTEא
F0˚360˚KEאאFSEאא

אאWXאYZ
אאKאFאאTEאאאא
אW

אFTZEאאאאאXא
אW

אאאאאW
T
1F =



אאאאא
אאאאאא
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אאאאKFאHz
אאאאKHzT

1F =
Wא2אµsFEK

zKH500Hz500000Hz6100.56102
1F ==−×=
−×

=

אW
אאאאאאא

אאFVp.pZEאאאXא
WאF١٤-٨EWאאFVP.PEא

FVPEאאFTKE


אWאF١٤–٨Eאאא٤

F4 cmKEאFTIM/DivEF0.1 S / cmKEאK
  قيمة مفتاح الزمنXشارة الواحدة عدد المربعات على المحور الأفقي للإ) = T(طول الموجة 
T(Z4 cmX0.1 S(طول الموجة 
T(Z0.4 ( s )(طول الموجة 

אאאאF4cmKEא
F1V / cmEW

אאFVp.pZEאאאXא
אFVP.PZE4 cm X1V
אFVP.PZE4 V 



אאאאא
אאאאאא
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אFVP ZEאאאא Xא
אFVP ZE2 cm X1V
אFVP.PZE2 V 



אאאאא
אאאאאא

 
 

- ١٩٦ - 

אאא 

אא
 
 


אאWאאאאאK

 


אאLJ J J J J J J J J JאLJ J J J J
אLJ J J J J J

א١٢٣٤
אLJ J J J J

٢٥אאא٨٠٪
אLJ J J J Jאאא١٠٠٪

 
א א 

אאאאK  

אאאאאK 

אאאאאK  

אאאK  

אאFVm،VrmsKE 

אK  
 



אאא
אאא

אא
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אא
 

 الطبعة ترجمة المؤلف اسم الكتابم
ولى الأ  مايكل تولي لكترونيةدليل الدوائر الإ١

 م١٩٩٠
لكترونيات في خدمة التطبيقات الإ٢

 م١٩٧٨ سميرة رستم/ د موريس. نويل م  الكهربائية

أسعد عبدالمجيد / د المقيسة والقياسات الكهربائية٣
 م١٩٩٢ ----- وسيالأ

 Albert paul لكترونياتمبادئ الإ٤
malvino 

محمد بشار / م
 م٢٠٠٠ آعدن

فوزي العيسى   / م لكترونيات التناظريةالإ٥
 م٢٠٠٣ ----- براهيم الفارإ/ م

جهزة الفحص دوائر عملية لأ٦
 والقياس

 د عبدالمتعالأحم/ م
م٢٠٠٢ولىالأ ----- حمدى متولى/ م

 --- ----- أحمد شافعي/ مأجهزة القياس الكهربائيةالقياسات و٧
 م٢٠٠٣ ----- ------ )عملي ( أجهزة قياسات ٨
 م٢٠٠٣ ----- ------ )عملي (  إلكترونية  دوائر٩
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