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 - 1 -   

1K אאWאאאא 
א 
• אאאאא،K 
• אאFunction GeneratorאאK 

אאא 
• אאFunction GeneratorK 
• אאOscilloscopeK 

אא 
1K אאF1E،אאאא

،אאאאאא DC FACGroundKE 
2K אאאAmplitude50 HZ،

אאPeakאrms،
אאאאאאK 

3K אאא1MHzא
אPeakאrms،אא

אאאאK 
4K אאאאאאא DC Offset 

אאאK 
5K אאאאאאאDC Offset

אK 
6K אאא،אאאאאאAC،א

אאAmplitude50 HZ،א
אPeak،אא

אאאאK 
7K אאא1MHzא،

אPeak،אאא
אאאK  



אא 174 א 

אאאא  -2FE  
 
 

 - 2 -   

8K אאא،אאאאאאDCא
אאAmplitude50 HZ،א

אPeak،אא
אאאאK  

9K אאא1MHzא
אPeak،אאא

אאאK 
 
♦ א 

א אא א 

2 
(f) א  

(Vp) אא  

(Vrms) אא  

3  
(f) א  

(Vp) אא  

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

6  
(f) א  

(Vp) אא  

7 
(f) א  

(Vp) אא  

8  
(f) א  

(Vp) אא  

9  
(f) א  

(Vp) אא  
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2K אאW 
א 
• אאאאאK 
• אאאאK 
• אאאאאאאאא

K 
 

אאא 
• אאFunction GeneratorK 
• אאOscilloscopeK 
• אאMulti-meterK 
• אTest boardK 
• W(R1= 470 Ω, R2 = R3 = 1 kΩ, R4=2.2 kΩ) 

 
♦ אאא 

 
 
 
 
 
 

F2 J1E 
 

אא 
1 J אאאאא1kHz،א

Vp=5VאאאK 
2 J אאאאR1 R2, R3,R4,א،אא

אאאI1،I2، I3אאאF2 J1KE 

R1  

R2  

SV  
R3 

R4 

A B C 
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3 J אאVS،VR1،  VR4אאF2 J2KE 
4 J אאVS،V1،VR2، VR3אאF2KE 
5 J אאVR2،VR3، VR4אאF2KE 
6 J אאI1،I2، I3אאF2KE 

 
♦ אW 

VS VR1 I1= VR1/ R1 VR2I2= VR2/ R2  VR3 VR4  I3= VR4/ R4 
        

F2 J1E 
 

WI1،I2، I3 אWVR2،VR3، VR4אWVS،VR1،VR2، 
VR3 

אWVS،VR1، VR4

              =           +            +             =       =        +         +                  =           + 

F2 J2E 
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3K אאWWא 
א 
• א،אאK 
• אאאאK 

אאא 
• אאFunction GeneratorK 
• אאOscilloscopeK 
• אTest boardK 
• (R = 1 kΩ,10 kΩ) 
• (C = 0.1µF) 

♦ אאא 
 

 
 
 
 
 
 

F3 J1E 
 
♦ אא 
1K אאF1Eא،אאאאאאא

1 kHzVSp = 4VK 
2K אאא(R=1 kΩ, C = 0.1 µF)K 
3K אאאאאTFאא63%

KE 
4K אאאאאFאאEא

אFEאאTFKE 

R C  

CV 
RV 

I 

SV 
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♦ 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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4K אאאWאא 
א 

• אאא
C

1XC ω
=K 

אאא 
• אאFunction GeneratorK 
• אאK 
•  1 kΩ 
• 0.1µF 
• אאK 

 
♦ אאא 

 
 
 
 
 
 
 

F4 J1E 
 
♦ אא 

אאאאאא 
VSP = 5Vf = 1 kHzK 

 אאאאאאא

אאאא
R

V
I R=אאא

I
V

X C
C =K

אאאF4 J1EאאF4 J2KE 

R 

SV 

C  

CV 
RV 

i 
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 א10 kHzאאאF2E،
אאאF4 J1KE 

 אאא(OFF)א22 nFאאא
אא5 Vאא1 kHzאא

אאאF4 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؟ 
אאאאא؟א؟ 
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♦ א 
אאאW 

• אאK 
• אK 
• אאאאK 
• K 
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5K אאWאאאאא 
א 
• אאאאאאK 
• אאאאאאK 
 

אאא 
• א Signal Generator  
• אOscilloscope  
• אאMultimeter 
• 0.1 µF    
• W1 kΩ, 2.2 kΩ, 4.7 kΩ 

 
♦ אאא 

 
 
 
 
 
 

 
F5 J1E 

 
♦ אא 

 אאF5 J1E(C=0.1 µF): 
 אאאאאאWVp = 6 V,  f =1 kHzK 
 (R=1kΩ),אא(VR)אא(VC)

אאא،אאאאW⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

C1

V
V

tan. 

R 

SV  

C  

CV 
RV 

i 

a b c 



אא  174 א 

אאאאא  -2FE א 
 
 

-      -  

 אאאאW⎟
⎠
⎞

⎜
⎝
⎛
π

=θ −

fCR2
1tan 1אא،K 

 אאא(R=2.2 kΩ)(R = 4.7kΩ)
אאאK 

 אאאאאאאאK 
 

♦ א 
 

 א 
 kΩ12 kΩ 4.7 kΩ 

VR ( Volts)    

VC (Volts)       

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

C1

V
V

tan       

⎟
⎠
⎞

⎜
⎝
⎛
π

=θ −

fCR2
1tan 1    

F5 J1E 
  

  
  
  
  
  
  
  
  

F5 J2E 

VS 

VR1 VC1 

θ1 
θ2 

VR2 

VC2 

θ3 

VR3 
VC3 
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• א 
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6K אאWאאא 
א 
• אאK 
• אאאאאאK 

אאא 
• אSignal generator 
• אOscilloscope 
• א33 mH    
• 1 kΩ, 470 Ω & 100 Ω 
♦ אאא 

 
 
 
 
 
 

 
F6 J1E 

 
♦ אא 

 אאF6 J1E(L=33 mH): 
 אאאאאאWVp = 4V,  f =1 kHz 
 (R = 100 Ω)אא(VR)אא(VL)

אאF6 J1KEאאאאאאW
R

V
i R=

אאאא
i

V
X L

L =אאא

אW⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

L1

V
V

tanאF6 J1KE 

R L 

LV 
RV 

I 

a b c 

VS 
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 אאא(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 
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♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  

♦ א 
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7K אאWאאא 
א 

• אאאאאאK 
• אאאאאאK 
• K 

 
 אאאאF7 J1Eאא

אאXLאאאאXC
אאאאאא

אKXL = XCאאאאא
RאResonanceKאVL

אVC،אאאאא
אאאאאאF7 J1EK 
♦ אאא 

• א Signal Generator  
• אOscilloscope  
• אאMultimeter 
• 2 nF    
• 10 kΩ 
♦ אאא 

 

 
 
 
 

 
 

F7 J1E 
i 

R  

VS  

L  C 

VC VR VL 

VX 
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♦ אאאא 
  R = 1 kΩ 
  L = 33  mH 
  C = 0.1 µF 
  VS =5 V 
  f = 1 kHz 

 
♦ אא 
1K אאF7 J1EW 

 (R=1 kΩ, C=0.1 µF, L=33 mH, VS=5 VP)K 
2K אאאאאf=1 kHzVSP= 5 VK 
3K אאVRאאVLאאVCא

אאאאVX،אאK 
4K אVLVCVX؟א 
5K אאאאאW 

R

X1

V
Vtan−=θ

6K אאאאאf = 10 kHzK 
7K אאW 

• VX،אאא 10 kHz 25 kHz،
 אVX

אא،VXK 
• אאאאאאאאW 

CL
1fR ×

=  

8K אאK 
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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 
אאאW 
• אא 
• א 
• אאאא 
•  

♦  
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8K אאWאאא 
א  
• אאא 
• אאאא 

 
 אאאאF8 J1Eאא

אאXLאאאאXC
אאאאאא

אKXL = XCאאאא
אRאResonanceKאא

ILאIC،אאאא
F8אאאאאאא J1EK 

♦ אאא 
• א Signal Generator  
• אOscilloscope  
• אאMultimeter 
• 0.1 µF K   
• 10Ω 1 kΩK 
• א33 mHK 
• VS =10 V, f = 1 kHzK 

♦ אאא 
 
 

 
 
 

F8 J1E 

VS  

L  C 

IC  IL 
R 

IR R2 R1 
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-       -  

♦ אאאא 
• אWVs = 5V 
• אWf = 1 kHz 
• אWR1 = R2 = 100 Ω, R = 1 kΩ 
• אWL = 33 mH 
• אWC = 0.1 µF 

 
אא 

1 J אאF8 J1EW 
(R=1 kΩ, R1=10 Ω, R2=10 Ω, L=33 mH, C=0.1 µF)

2 J א،אאאWVR, VR1& VR2אא
אWR, R1 &R2אאאאאK 

3 J אאאאאאאאאא
אאאאאאF8 J1EK 

4 J אאIX  אWIX = IC - ILאאK 

5 J אאאאאאא⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

R

X1

I
I

tan

אאK 
6 J אK 
 
♦ 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 
אאאW 
• אא 
• א 
• אאאא 
•  

♦  
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9K אאWאאאאא 
א 
• אאאאK 
• אאאאK 
• אאאאאאK 

 
אאא 

• א Signal Generator. 
• אOscilloscope K 
• אאMultimeterK 
• K 
 

♦ אאא 
 
 

 
 
 

 
 

F9 J1E 
 

אא 
1K אאאא1א kHz.VSP = 10 V 
2K אאא،אVR1אR1،אאא

אאאI1א
1R

VI 1R
1 =אאF9 J1EK 

 

R1 

SV  

C1  

2R 
2C

VR1 

V1 

V2 
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3K א،אאWאV1אZ1Fא
אR1אאאC1EאV2אZ2FאאR2

אאאC2EאאF9 J1EK 

4K אאZ1א
1

1
1 I

VZ =אאZ2א
1

2
2 I

VZ =

אאאZtא
1

S
t I

VZ =אאF9 J1EK 

5K אאZ1אW
2

1

2
11 C

1RZ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ω

+=אא

אF4KE 

6K אאZ2אW( )2
1

2
1

2
1

2
RC1

R
Z

ω+
=אא

אF4KE 
 
 
♦ א 
 
 

VR1
1R

VI 1R
1 =V1 

1

1
1 I

VZ =V2 
1

2
2 I

VZ =
1

S
t I

VZ =

 
 

 
 

   
 

  
 

F9 J1E 
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♦ א 
אאאW 
• אאK 
• אK 
• אאאאK 
• K 
 

♦  
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10K אאWאאאא 
א 
• אאא 
• א 
 

אאא 
•  
• (2.5 A) 
• RL circuit  

 
♦ אאא 

 
 

 
 
 

 
 
 

F10 J1E 
 

אא 
1 J אאאF10 J1EK 
2 J אאI1،I2،I3F10 J1EK 
3 J 220K 
4 J אאאאI1،I2،I3אF10 J1EK 

I1 

I2 

I3 

VS = 220 

RL 

XL 
R 
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♦ אא 
 
 
 
 
 
 

F10 J2E 
 

אאF10 J2Eאא،I1W 
L32

2
3

2
2

2
1 cosII2III ϕ++=  

W 

R
V

I S
2 = 

W 

L3
S2

3
2
2

2
1 cosI

R
V

2III ϕ++=  

אLcos ϕW 
 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
⋅=ϕ

3S

2
3

2
2

2
1

L IV2
III

Rcos  

W
R
V

I S
2 = 

W 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=ϕ

32

2
3

2
2

2
1

L II2
III

cos  

אאאאאPLW 

L3SL cosIVP ϕ=  

VS 
θ  

I2 

I1 

I3 

ϕL 
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W 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
⋅=

2
III

RP
2
3

2
2

2
1

L  

 
♦ א 

אאאאאRאאא،PLא
cos(ϕL) אRLאXLאF10 J1E 

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
⋅=

2
III

RP
2
3

2
2

2
1

LI1 =

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=ϕ

32

2
3

2
2

2
1

L II2
III

cosI2 =

=ϕ= L
3

2
L cos

I
IR

RI3 =

=ϕ= L
3

2
L sin

I
IR

XR =

F10 J1E 
  
  

♦ א 
אאאW 
• אא 
• א 
• אאאא 
•  
 

♦  
  

  



 

 

  

אאאאאא
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JJ22FFEE  


א





א







א


א




11



א174 א א 

אאאא  -2FE א 
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11K אאWאאאא 
א 
• אאאK 
• אK 
 

אאא 
• K 
• אK 
• RL circuit K 

 
♦ אאא 

 
 
 

 
 
 

F11 J1E 
אא 

1K אאאF11 J1EK 
2K אFאאEV1, V2, V3

F11 J1EK 
3K 220K 
4K אאאV1, V2, V3אF11 J1EK 
5K אאW 

R
V

I 2=  

FEאאRאאK 

V2

V1 V3VS = 220 

RL 

XL 

R 
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♦ אא 
 
 
 
 
 
 

 
F11 J2E 

 
♦ א 

אאאF11 J2EאK 
WאW 

L3L cosIVP ϕ=  
אאאV1W 

L32
2
3

2
2

2
1 cosVV2VVV ϕ++=  

אאW 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=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 
אאאאRאאא،PLא

cos(ϕL) אRLאXLאF11 J1KE 
 

 

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=

R2
VVVP

2
3

2
2

2
1

LV1 =

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=ϕ

32

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 
אאאW 
• אאK 
• אK 
• אאאאK 
• K 
 

♦  
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