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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W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،אK 

 אא?–2FE??
?אאאאאא

אאאK 
 אאאאאאא

،א،אאאא
אאאאאK 

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

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

،אאאאKKK 
 אאאאאא J2א،

אאאא،אאא
אאאKאא

אאאא،אאK 
  

  ،אKKKKKK 
 
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1



אא 174 א 

אאאא  -2FE  
 
 

 - 1 -   

1K אאWאאאא 
א 
• אאאאא،K 
• אאFunction GeneratorאאK 

אאא 
• אאFunction GeneratorK 
• אאOscilloscopeK 

אא 
1K אאF1E،אאאא

،אאאאאא DC FACGroundKE 
2K אאאAmplitude50 HZ،

אאPeakאrms،
אאאאאאK 

3K אאא1MHzא
אPeakאrms،אא

אאאאK 
4K אאאאאאא DC Offset 

אאאK 
5K אאאאאאאDC Offset

אK 
6K אאא،אאאאאאAC،א

אאAmplitude50 HZ،א
אPeak،אא

אאאאK 
7K אאא1MHzא،

אPeak،אאא
אאאK  
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8K אאא،אאאאאאDCא
אאAmplitude50 HZ،א

אPeak،אא
אאאאK  

9K אאא1MHzא
אPeak،אאא

אאאK 
 
♦ א 

א אא א 

2 
(f) א  

(Vp) אא  

(Vrms) אא  

3  
(f) א  

(Vp) אא  

(Vrms) 
4  +DC Offset Max 
5  -DC Offset Max 

6  
(f) א  

(Vp) אא  

7 
(f) א  

(Vp) אא  

8  
(f) א  

(Vp) אא  

9  
(f) א  

(Vp) אא  
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♦ א 

אאאW 
• אא 
• א 
• אאאא 
•  

 
 



 

 

  

  

JJ22FFEE  















2
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2K אאW 
א 
• אאאאאK 
• אאאאK 
• אאאאאאאאא

K 
 

אאא 
• אאFunction GeneratorK 
• אאOscilloscopeK 
• אאMulti-meterK 
• אTest boardK 
• W(R1= 470 Ω, R2 = R3 = 1 kΩ, R4=2.2 kΩ) 

 
♦ אאא 

 
 
 
 
 
 

F2 J1E 
 

אא 
1 J אאאאא1kHz،א

Vp=5VאאאK 
2 J אאאאR1 R2, R3,R4,א،אא

אאאI1،I2، I3אאאF2 J1KE 

R1  

R2  

SV  
R3 

R4 

A B C 
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3 J אאVS،VR1،  VR4אאF2 J2KE 
4 J אאVS،V1،VR2، VR3אאF2KE 
5 J אאVR2،VR3، VR4אאF2KE 
6 J אאI1،I2، I3אאF2KE 

 
♦ אW 

VS VR1 I1= VR1/ R1 VR2I2= VR2/ R2  VR3 VR4  I3= VR4/ R4 
        

F2 J1E 
 

WI1،I2، I3 אWVR2،VR3، VR4אWVS،VR1،VR2، 
VR3 

אWVS،VR1، VR4

              =           +            +             =       =        +         +                  =           + 

F2 J2E 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א174 א א 

  -2FE א 
 
 

- 6  -  

 

♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  

♦  
 

 
 



 

 

  

אא 

JJ22FFEE  


א










3
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3K אאWWא 
א 
• א،אאK 
• אאאאK 

אאא 
• אאFunction GeneratorK 
• אאOscilloscopeK 
• אTest boardK 
• (R = 1 kΩ,10 kΩ) 
• (C = 0.1µF) 

♦ אאא 
 

 
 
 
 
 
 

F3 J1E 
 
♦ אא 
1K אאF1Eא،אאאאאאא

1 kHzVSp = 4VK 
2K אאא(R=1 kΩ, C = 0.1 µF)K 
3K אאאאאTFאא63%

KE 
4K אאאאאFאאEא

אFEאאTFKE 

R C  

CV 
RV 

I 

SV 



א174 א א 

א  -2FE א 
 

 

- 8  -  

 
 
♦ אW 

4T  3T  2T T 0 t ( ms )  

          Vc (V)  

♦ אW 

0

0.2

0.4

0.6

0.8

1

0 T 2T 3T 4T

Vc
/V

s 

 
F3 J1E 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
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♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  

 
♦ א 

 



 

 

  

אאאא  

JJ22FFEE  







א


א







4
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-       -  

4K אאאWאא 
א 

• אאא
C

1XC ω
=K 

אאא 
• אאFunction GeneratorK 
• אאK 
•  1 kΩ 
• 0.1µF 
• אאK 

 
♦ אאא 

 
 
 
 
 
 
 

F4 J1E 
 
♦ אא 

אאאאאא 
VSP = 5Vf = 1 kHzK 

 אאאאאאא

אאאא
R

V
I R=אאא

I
V

X C
C =K

אאאF4 J1EאאF4 J2KE 

R 

SV 

C  

CV 
RV 

i 
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-       -  

 א10 kHzאאאF2E،
אאאF4 J1KE 

 אאא(OFF)א22 nFאאא
אא5 Vאא1 kHzאא

אאאF4 J2KE 
 
♦ א 

 C = 0.1 µF  R= 1 kΩ, 
f VC VR 

R
V

I R= 
I

V
X C

C = 

1 kHz     

10 kHz     

F4 J1E 
 

R= 1 kΩ, f = 1 kHz 
C VC VR 

R
V

I R= 
I

V
X C

C = 

0.1 µF     

22 nF     

F4 J2E 
 

א f, XC؟ 
אאאאא؟א؟ 

 
 
 
 
 
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-       -  

♦ א 
אאאW 

• אאK 
• אK 
• אאאאK 
• K 

 
 

 



 

 

  

אאאאאאאאאא  

JJ22FFEE  


א


א




א


א








א




5
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-      -  

5K אאWאאאאא 
א 
• אאאאאאK 
• אאאאאאK 
 

אאא 
• א Signal Generator  
• אOscilloscope  
• אאMultimeter 
• 0.1 µF    
• W1 kΩ, 2.2 kΩ, 4.7 kΩ 

 
♦ אאא 

 
 
 
 
 
 

 
F5 J1E 

 
♦ אא 

 אאF5 J1E(C=0.1 µF): 
 אאאאאאWVp = 6 V,  f =1 kHzK 
 (R=1kΩ),אא(VR)אא(VC)

אאא،אאאאW⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

C1

V
V

tan. 

R 

SV  

C  

CV 
RV 

i 

a b c 
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-      -  

 אאאאW⎟
⎠
⎞

⎜
⎝
⎛
π

=θ −

fCR2
1tan 1אא،K 

 אאא(R=2.2 kΩ)(R = 4.7kΩ)
אאאK 

 אאאאאאאאK 
 

♦ א 
 

 א 
 kΩ12 kΩ 4.7 kΩ 

VR ( Volts)    

VC (Volts)       

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

C1

V
V

tan       

⎟
⎠
⎞

⎜
⎝
⎛
π

=θ −

fCR2
1tan 1    

F5 J1E 
  

  
  
  
  
  
  
  
  

F5 J2E 

VS 

VR1 VC1 

θ1 
θ2 

VR2 

VC2 

θ3 

VR3 
VC3 



אא  174 א 

אאאאא  -2FE א 
 
 

-      -  

♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  

 
 
 



 

 

  

אאאאאא  

JJ22FFEE  

א


א








א




6



אא  174 א 

אאא  -2FE א 
 
 

-      -  

6K אאWאאא 
א 
• אאK 
• אאאאאאK 

אאא 
• אSignal generator 
• אOscilloscope 
• א33 mH    
• 1 kΩ, 470 Ω & 100 Ω 
♦ אאא 

 
 
 
 
 
 

 
F6 J1E 

 
♦ אא 

 אאF6 J1E(L=33 mH): 
 אאאאאאWVp = 4V,  f =1 kHz 
 (R = 100 Ω)אא(VR)אא(VL)

אאF6 J1KEאאאאאאW
R

V
i R=

אאאא
i

V
X L

L =אאא

אW⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

L1

V
V

tanאF6 J1KE 

R L 

LV 
RV 

I 

a b c 

VS 



אא  174 א 

אאא  -2FE א 
 
 

-      -  

 אאא(R = 470 Ω)(R = 1 kΩ)א
F6 J1KE 

♦ א 
  
  

 א 
 100 Ω 470 Ω 1 kΩ  

VR ( Volts)    
VL (Volts)      

R
V

i R=       

i
V

X L
L =        

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

L1

V
V

tan       

  
F6 J1E 

 
  
  
  
  
  
  
  
  

F6 J2E 
  
  

VS 

VR1 
VL1 

θ1 θ2 

VR2 

VL2 



אא  174 א 

אאא  -2FE א 
 
 

-      -  

  

♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  

♦ א 
 

 



 

 

  

אאאאאא  

JJ22FFEE  

א


א











א




7



א174 א א 

אאא  -2FE א 
 
 

-       -  

7K אאWאאא 
א 

• אאאאאאK 
• אאאאאאK 
• K 

 
 אאאאF7 J1Eאא

אאXLאאאאXC
אאאאאא

אKXL = XCאאאאא
RאResonanceKאVL

אVC،אאאאא
אאאאאאF7 J1EK 
♦ אאא 

• א Signal Generator  
• אOscilloscope  
• אאMultimeter 
• 2 nF    
• 10 kΩ 
♦ אאא 

 

 
 
 
 

 
 

F7 J1E 
i 

R  

VS  

L  C 

VC VR VL 

VX 
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♦ אאאא 
  R = 1 kΩ 
  L = 33  mH 
  C = 0.1 µF 
  VS =5 V 
  f = 1 kHz 

 
♦ אא 
1K אאF7 J1EW 

 (R=1 kΩ, C=0.1 µF, L=33 mH, VS=5 VP)K 
2K אאאאאf=1 kHzVSP= 5 VK 
3K אאVRאאVLאאVCא

אאאאVX،אאK 
4K אVLVCVX؟א 
5K אאאאאW 

�
R

X1

V
Vtan−=θ �

6K אאאאאf = 10 kHzK 
7K אאW 

• VX،אאא 10 kHz 25 kHz،
 אVX

אא،VXK 
• אאאאאאאאW 

CL
1fR ×

=  

8K אאK 
 
 
 
 
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♦ א 
 

F 
(HZ)  

VR  
( Volts) 

VL  
( Volts) 

VC  
( Volts) 

 VX  
( Volts) R

X1

V
Vtan−=θ 

1 kHz          
10 kHz          

F7 J1E 
 

  
  
  
  
  
  
  
  

 
F7 J2E 

VT 
θ  

VR 

VX 
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♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  

♦  
 
 

 



 

 

  

אאאאאא  

JJ22FFEE  

א


א











א




8
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8K אאWאאא 
א  
• אאא 
• אאאא 

 
 אאאאF8 J1Eאא

אאXLאאאאXC
אאאאאא

אKXL = XCאאאא
אRאResonanceKאא

ILאIC،אאאא
F8אאאאאאא J1EK 

♦ אאא 
• א Signal Generator  
• אOscilloscope  
• אאMultimeter 
• 0.1 µF K   
• 10Ω 1 kΩK 
• א33 mHK 
• VS =10 V, f = 1 kHzK 

♦ אאא 
 
 

 
 
 

F8 J1E 

VS  

L  C 

IC  IL 
R 

IR R2 R1 
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♦ אאאא 
• אWVs = 5V 
• אWf = 1 kHz 
• אWR1 = R2 = 100 Ω, R = 1 kΩ 
• אWL = 33 mH 
• אWC = 0.1 µF 

 
אא 

1 J אאF8 J1EW 
(R=1 kΩ, R1=10 Ω, R2=10 Ω, L=33 mH, C=0.1 µF)�

2 J א،אאאWVR, VR1& VR2אא
אWR, R1 &R2אאאאאK 

3 J אאאאאאאאאא
אאאאאאF8 J1EK 

4 J אאIX  אWIX = IC - ILאאK 

5 J אאאאאאא⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

X1

I
I

tan

אאK 
6 J אK 
 
♦ א 

VR  
(volts)R

VI R
R = 

( A) 
VR1  

(volts)1

1R
L R

VI =

 ( A)

VR2  
(volts)1

2R
C R

VI =

 ( A) 

IX = IC - IL 
( A) ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

X1

I
I

tan 

          

F8 J1E 
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F8 J2E 

E θ  
IR 

IC 

IL 
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♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  

♦  



 

 

  

אאאאאאאאאא  

JJ22FFEE  

א



א




א
א

א




9
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9K אאWאאאאא 
א 
• אאאאK 
• אאאאK 
• אאאאאאK 

 
אאא 

• א Signal Generator. 
• אOscilloscope K 
• אאMultimeterK 
• K 
 

♦ אאא 
 
 

 
 
 

 
 

F9 J1E 
 

אא 
1K אאאא1א kHz.VSP = 10 V 
2K אאא،אVR1אR1،אאא

אאאI1א
1R

VI 1R
1 =אאF9 J1EK 

 

R1 

SV  

C1  

2R 
2C

VR1 

V1 

V2 
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3K א،אאWאV1אZ1Fא
אR1אאאC1EאV2אZ2FאאR2
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♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  
 

♦  
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
א







א


א




11
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-      -  

11K אאWאאאא 
א 
• אאאK 
• אK 
 

אאא 
• K 
• אK 
• RL circuit K 

 
♦ אאא 

 
 
 

 
 
 

F11 J1E 
אא 

1K אאאF11 J1EK 
2K אFאאEV1, V2, V3

F11 J1EK 
3K 220K 
4K אאאV1, V2, V3אF11 J1EK 
5K אאW 

R
V

I 2=  

FEאאRאאK 

V2

V1 V3VS = 220 

RL 

XL 

R 

 
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-      -  

♦ אא 
 
 
 
 
 
 

 
F11 J2E 

 
♦ א 

אאאF11 J2EאK 
WאW 

L3L cosIVP ϕ=  
אאאV1W 

L32
2
3

2
2

2
1 cosVV2VVV ϕ++=  

אאW 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=ϕ

32

2
3

2
2

2
1

L VV2
VVV

cos  

W 

R
V

I 2=  

W 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=

R2
VVV

P
2
3

2
2

2
1

L  

I 
θ  

V2 

V1 

V3 

ϕL 
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-      -  

♦ א 
אאאאRאאא،PLא

cos(ϕL) אRLאXLאF11 J1KE 
 

 

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=

R2
VVVP

2
3

2
2

2
1

LV1 =

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=ϕ
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2
3

2
2

2
1

L VV2
VVVcosV2 =

=ϕ= L
2

3
L cos

V
VRRV3 =

=−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 2

L

2

2

3
L R

V
RVXR =

F11 J1E 
  

  

♦ א 
אאאW 
• אאK 
• אK 
• אאאאK 
• K 
 

♦  
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