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  اري ا : اول

      د             د آ     د 

    د.

   اري

1-1-1-

  د    ژ    آ   ژ   – .     

  

 

  

  ژ د، د  د آ      آ     .ت   دد   ت

:د  

 

  :د د ت     

  :   ژ  -1  –  ت  V RI=          

 .  

    ت  : –د    ژ 

  tan R= θ =  

  :  د  ت     ژ   

  

 

  

 د ت  ژ –   ت  آ  :  

 

  tan R= α =  

a b
a b

V VV
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R R

−= − = =
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 ت  –  :     ژ  -2         

      .  

. (ژ   )     د  ع   ت  –  : ژ  -3

    د   ت  د    
oI

dV
|

dI
   د آد. 

1-1-2-دد

  د   دد     د      .د  

  

  

  –   دد  ژ :  ت  

  

  

  

 ت   دد  :  د   

   ژ آ    دد ،   :V 0=  

 آ   ژ  :    دد، د I 0=  

د ت    :   

   دد    دد   ژ ژ آ  

    دد    دد     ژ آ ژ

         ،دد    ژ     – .د   ژ  

   

( ) ( ) ( )V t R t I t=( )R t

( )V f I=

( )S.C →→>

( )O.C →→<

  
 

 آ 
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:د   دد    ژ     دد    

  

  

    )1 (I 0→ = دد V 0< →  

    )2 (V 0→ =  ددI 0> → 

  د      ،  د             د .  دد   

  –       ،دژ د     ، .     دI 0=    

       آ د                 .   ،

.       

 دد    :   

  

V 0> →   دد I 0→ =    )1 (  

I 0> →  دد V 0→ =    )2 (  

 

  :دد    

 

  ;  

  

:                                       د. د          د 

 ،     .  

1-1-3- 

-  ژ         ژ د  . آ        ژ د  

.  

K AV V>

V = 0

←

 

  

 

  2 

  1 

 

   

 

  2 

  1 

 

 

 
 

 

 

 

 

 

 

 



 ار ا15«   2و« 

 

 

  د :د آ  

  

  

  

  

  

  

     د    آ   د  آ   د .  

  

        

  

   د   د  ژ   .  

-   .  ژ د   آ      

  د :د آ  

  

  

  

  

  

  

   

r

sV e rI= −

rI

←
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     د    آ   د  آ   د . 

  

  

   د      .  

:          ژ    (   )           د  ) 

 .       (   )    (د    

:  ژ       ژ  د ،د          د  د

.     دد،   

1-1-4-( )  

        د         ژ د  آ     آ  ژ

 .  

         :  

   ژ   ژ -1

     د.  ،  

  

  

2-       

     د.  ،  

  

  

  

  

r

s

V
I i

r
= −
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K
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3-    ژ   

     د  ،      .  

  

  

  

      ژ -4

     د  ، .      

،   د  xi  xV   ژ        .   

:(  ) د    : 

 ،   ژ  د   ،ژ     د   ژ  د    د ژ

    د   ت  د ،  .  

 ت د  :   

  

 

  ; 

  

  

  د . ژ د         

:  آ د      ژ  (د ) د  .  

  

  

. آ د        (د ) د    

  

  

:    دد    (   )       :ت

K( )Ω

K( )J

xixV

 
 
 

  د 
  

 
 

 

 

 

 

 

  د

 

 
 
  

 
 

sV 0=

 
 

sI 0=
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   ت     د  دد  :  

 

  

1-1-5-

        د    آ  د  ت      ژ   

  :دد  

  

  

   د     :  

1-  ژ آ     :       ت     آ د  د   

 ،     د     ژ  آ  ژ د .  

   د   ژ    ت :  

 V0)(  ژ  
t

V V i.dt
c

= + ∫
1

0
0

  

  ژ آ د: د د 

 
q

W qV cV .
c

= = =
2

21 1 1

2 2 2
 

   د      آ   ط     ،دد      

.  ژ آ د      ط  آ  ژ د    

  

  

( )q( )V

q C.V=q

CV

dq dv
i c

dt dt
= =
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:      ژ          ت:د   

  

  

  دcV V (t )= = =0 0 0  ،              د 

  ژ ، .   ت    

2-   ژ     :      ت( ) ( ) ( )q t C t .V t=      

        .  

 :   

( ) ( ) ( ) ( ) ( )dq t dV t dC t
i C t . V t .

dt dt dt
= = + 

  :ژ    آ  ت  -3       ت  د       

  د  V0 ت V

q
C |

V
=

0
   د آد. 

1-1-6-

       د    آ         ت    

 :دد  

  

    د    :  

 د  د آ     :          آ  ت  -1

 ،        آ   .  

  ت    د   ژ  :  

) (    
t

i I V.dt
L

= + ∫
1

0 0
  

:د آ ژ د د   

V0

( )cV t( )ci t

( )c t

( )q f V=

( )ϕ( )I

L.Iϕ =ϕ

LI

d di
V L

dt dt

ϕ= =

I0

 

  

 V+ −0
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 آ   ط     ،دد    د           

.  ژ آ د      ط  آ   د    

:         I0     ت   :د   

  

   دLI i (t )= = =0 0 0  ،    ( )LV t        ژ     د 

   ،   .     

     :            د آ  ت      -2

         .  

 :   

3-  :   ت         د    oI  ت 

oI

d
|

dI

ϕ
  د  .آ  

   

1-2-1- ي 

1-

 د  :د   

  

 

   

W i Li .
L

ϕ= ϕ = =
2

21 1 1

2 2 2

( )Li t

( ) ( ) ( )t L t .I tϕ =

( )L t

( ) ( ) ( ) ( ) ( )d t dI t dL t
V L t . I t .

dt dt dt

ϕ
= = +

( )f Iϕ =

eq i
i

V V V ...
R R R ... R

I I I ... =

= + +
→ = + + = = = =

∑1 2

1 2
11 2

 

  

 

    

 
….                     

  

   
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      د     ،     ژ ، . 

      د   د  oI :د  

  

  

 

 

( )oI I I V V V= = → = + = + − =1 2 1 2 5 5 0 

2-

:د   د  

  

t

V V V
C

I I I C C

−= + +  
→ = + +  = = =  

1

1 2

1 2 1 2

1 1K
K

K

 ،   د    ژ  :د     

  ot o oV V V= + +1 2 K  

3-

   د :   

  

          otI :د  

ot o o
ot

t

L I L I
I

L L L

ϕ + += =
+ +

1 1 2 2

1 2

K

K
 

     +    د    ) . .(د   

V I−

t
t i

it

V V V ...
L L L ... L

I I I ...

= + +
→ = + + = = = =

∑1 2

1 2

1 2

 

 

 
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1-2-2- ي 

1-

   د :د  

 

  

 

      د    ، ژ   ،            

 .  

:  ، د د   أ آ  ض         :ط د  د  .  

-                آ  ،د         ،    آ

         :ت د  . 

/m o /m+ =  

-            ،         :ت د    د.

2-

:د   د  

  

:د د   ژ          

t
eq

t

V V V ...
R ...

I I I ... R R

−= = =  
→ = + +  = + +  

1

1 2

1 2 1 2

1 1

I V−

mdc

m

/m | |+ ∞ = ∞

t
eq i

it

V V V ...
c c c ... c

I I I ...

= = =
→ = + + = = + +

∑1 2

1 2

1 2
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.     ق  د +  .(د د ژ   )  

3-

   د :   

  

  

  

 

 د     ،     :د   

 

ر)  ر ،  را)  ژ،

1-3-   )  اير  در  ر)

1-

  

        

  

t
t

t

q c V c V ...
V

c c c ...

+ += =
+ +

0 1 01 2 02
0

1 2

t
eq

t

V V V ...
L ...

I I I ... L L

−= = =  
→ = + +  = + +  

1

1 2

1 2 1 2

1 1

tI I I ...= + +0 01 02

s

s

R
V V

R R

R
V V

R R

 = × +

 = ×
 +

1
1

1 2

2
2

1 2

 

 

 

 

 

 
 

 

 

 
 

 
 

 

 

 

 

 

 



»14  «ار ا12و  
 
 
 

2-

  

          

3-

         

  

L

L L

L

L L

ϕ = ×ϕ +

ϕ = ×ϕ
 +

1
1

1 2

2
2

1 2

  

ي-1-3-2  د (  )  

1-

         

2-

 

         

3-

         

s

s

C
V V

C C

C
V V

C C

 = × +

 = ×
 +

2
1

1 2

1
2

1 2

s

s

R
I I

R R

R
I I

R R

 = × +

 = ×
 +

2
1

1 2

1
2

1 2

C
q q

C C

C
q q

C C

 = × +

 = ×
 +

1
1

1 2

2
2

1 2

s

s

L
I I

L L

L
I I

L L

 = × +

 = ×
 +

2
1

1 2

1
2

1 2
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ا ا  

          دد       آ د  ژ د     ت

  :دد  

 

    ،دد       ،       ت  د      

     ( )P t <0     ،         .  

   ت د       ) د د ژ         ،د د  

   ،(د ج.  

           (  ژ)             

.       

:   د   

  

          

 

     دد    . 

  ت  د        د           

    د .    

  ا  اري -1-5

1- 

( ) ( )otX t A cos= ω +ϕ  

  

  

( ) ( ) ( )P t V t .I t=

( )P t >0

I A
−= =20 5

3
5

IA3

Ω5W45V20W60

W15V5

 

 

 
 

 
 

 

 

 

ϕ−
ω0

T
π=
ω
2

0
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2-  

 

  

  

3-  

  ( ) ( )t ; t
r t tu t

; t

≥
= = <

0

0 0
 

  tan mα = = 1  

  

  

4- 

  ( )

; t

P t ; t

; t

∆

<
= < < ∆
∆

 > ∆

1

0 0

0

0

  

  

.    د     

5-  

       ض ،   د  د  ع ،      د

 د د  ت          د     ،   د  ط 

.  

        .  

  

  ( ) ( ); t
t lim P t

; t ∆∆→

=
δ = = ≠

1

0

0

0 0
 

( ) ; t
u t

; t

≥
=  <

1 0

0 0

( )∆ →0t =0

 → ∞ ∆ 
1( )t ≠0

( )tδ
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           آ         د  ع      ،  ع

  ع  )       .(  

   *

1-

  ( ) ( )t

t
t dt t t dt

+∞ +ε

−∞ −ε
δ = δ − =∫ ∫ 1

0

0
0 

 دة د        ،    .د  

2-يد

  
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

f t . t t f t t t

f t . t f . t

δ − = δ −
 δ = δ

0 0 0

0
  

3-

  ( ) ( ) ( )f t . t t dt f t
+∞

−∞
δ − =∫ 0 0  

 *   

: د     

  

  

  

  

  :   

.    ،  ،      د  .   ،  

     *    

 ط   ط    د ،د       ،د  د   :  

 ط د     د

 ط د د      د  

→ ( )u t t× −

→ ( )r t t× −

 

 

      

 

  



»18  «ار ا12و  
 
 
 

 د  :   

 

  

  

 

 

 

 ط د    ؟؟؟      ،د     .  

  

  

  

  

  

 

       .د  

1 ، ي د :.  

(  

  

  

  

   

( ) ( ) ( ) ( ) ( )f t u t u t u t u t= + − − + − − −1 1 2 1 4 2 2 4

( ) ( ) ( ) ( ) ( )f t r t r t r t r t= + − + − − −2

1 11
2 7 1 2 3

2 2

I V−

 

   
 

6     5     4     3  

2 1 
1-  

1-

( )f t1

 

 
   

 

 

 

  

−5
−2
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  د         ، ژ   ،       . 

  

  

  

  

(  

  

  

  

 د  آ   ،   دد   ،      .د  

  

  

  

  

  ج)

  

  

  

  

 ض    د    ،دد د آV > 0            ،

       :د  

  

  

  

  

   

Rsi

 

 

 

 
+ 

 

 

 

= 

 

  

 

 
 

+

 

 

 

 
=
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   V < 0 :د  .          ،  

 

  

  

  

  

   –   د   ژV > 0 V < 0 :  ت   

  

  

  

  

  

  د)

  

  

  

  

  ،         ت   آ   د       

 .آ  

:د       

  

  

  

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

+ −

 

 

 

+ −
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:د       

  

  

  

  

  

  

  

 

          د  :  

  

  

  

  

  

  

 

 

  ژ

 

+

 

 

  

 

+ 

 

 

   د1د   

= 
 

 
 

 

 

 

  

 

+ 

 

  دد

= 

 

 

 

+ 

 

 
 =  
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    V I−   I V− :د  

  

  

2 دي   د  ي ؟:

  

 (    
V

R
V

→ = = − Ω
−

2
1

2

      

  

 (    
i

R
i

→ = = Ω3
3     

  

  

3.         د  :

:د   .   د    د  د  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )f t u t r t r t u t u t r t u t= − − − − − + − − − − −2 2 2 2 4 5 3 5  

  د t = +2    ،−1 +1    )  +2         ( 

  د  دt = +4     د  ،   )  د    +1        د

+1 .(    

   

 

 

 

 
 

 

  

 

 

 

 

  

 

 

 

 

 

 

 
 

 

       

 

 

+1

−1

+2
−3

+1

+1

−1
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  اري اي    ي  

ج-1 ( )sV t  .  دد  ت  ـ ژ ج ( )V t0ـ

(  ) ؟

  

1(                          2 (  

  

  

  

3(                      4 (  

  

2- .  دد          دi؟ 

1 (A1    2 (A2  

3 (A
1
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3-      ،  ؟د

  

1 (i2    2 (i1  

3 (V2   4 (V1  

4- د  د دinR د دAB؟     ،  

1 (inR /<0 65    2 (inR /<0 7  

3 (inR /<0 75    4 (inR /<0 85  

5-V i−:  ت   

tV i e i V cos t−= + − 1
2 2

2

؟ د     

1 (  2 (  34  ) د   (  

   

 

 
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6-V i−   ،   دد) ؟ .( آ

  

1 (  

  

  

  

  

  

2 (  

  

  

  

  

  

3 (  
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دد-7  د   د   D  آ ج  )د. )Li t؟ 

1 (( ) ( )r t r t− −1    2 (( ) ( )r t r t+ −1  

3 (( ) ( )r t r t− −1    4 (( ) ( )u t r t− +1  

8-    دد     دR = − 40

3
ـ        

ت  دد  د  Diد. / V / V / V= − +3 22 5 1 5 0 225ـ ـ ـ ـ  

   ژ ،   ( )DV  د:   

1 (25/0  2 (15/0  3 (18/0  4 (2/0  
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9-  ؟     ، ي

  

  

  

  

1 (    2 (  

  

  

3 (   4 (   
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10- دد    د آ .inV V−0د؟  ت  

  

  

  

  

1 (    2 (  

 

 

 

 

3 (    4 (  
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= 1  

 =1 3 

5-   

 

= 2  

 =2 3 

5-  

= 1  

 =1  

3

5-  

= 2

 =2  

3 

5-  
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    

1-4«ي«.

( )

( ) ( )

s s

H s

S
F s s

V V V t

d V
di dV

V
dt dt dt

dV
V i dt V dt dt V V t V t

dt

= =
+

 × + = = =

= = = × = → =∫ ∫ ∫

1

1
3

2

2 2

1 1

1 2 3

1
2

11 3
3 3

2

1 1 1 1
4 4

2 2 2 2
0 0

 

. د     ج    ،ج

2-1«ي«.

   د     :  

i
i

P i i i i i A
=

= → − + + + − = → − + = → =∑
6

2 2

1

0 6 3 1 12 16 32 0 2 1 0 1  

   دi216     16      i32       .  

3-1«ي«.

  i2  ژ  V1  ژ د  ،    10آ   . i2  ژ آ    د

A+4 : د   

P Vi W= = × =2 1 2 10 4 40  

  i2    .  

4-4«ي«.

  د  د A  B   د  R = 0  R →∞   .دد R = 0 :د  

( )( )inR || || /= + = 26
4 3 2 1 0 7878

33
;  

 R →∞  :   

( )inR || /= + = 5
3 2 1 0 8333

6
;  

 in/ R< <0 7878 08333    »4 « ق ط  د .  

5-2«ي«.

     د V :د    
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e
V i Ri

cos t

−+= =
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2

1
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21 4 2 43

 

 ژ   د    د  د .  د        د   د

   آ   ، ض  آ  د      د .  

     د  V i−   ، 
te

cos t

−+

+

2

1
1

2

  ق    د    .

   ،   د.   

6-3«ي«.

 د  »1 «   ، i  گ      د (   دد   د)  

 ، دد     i    2  د . آ »2 « i  گ      ،   

 i     آ   2  آ     دد  د آ     2  آ

     د  ،ددi  گ آ   .   

 د  »4 « i     ،2 آ   دد د آ    i       

   . گ

  د  »3 «  . د   

7-1«ي«.

 د ،       د t += 0   ( )u t  دد      دد  د

      ع     .   :   

( ) ( ) ( ) ( )t t

L Li t V t dt u t dt r t
L

= = =∫ ∫
1

0 0

    ت     .  

  دt s= 1      ،       ( )u t      دد  د  د .

           د       د   ،ت د  .

 د          ج   . :  ت  
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( ) ( ) ( )Li t r t r t= − −1  

8-4«ي«.

  د: . آ        دد  ، 

( )
D

D
V D D

D D D D

di
| / V V /

R dV

V V V V / Volt

= = − + = − →

− + = → − = → =

2

22

1 3
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40

100 40 4 0 10 2 0 0 2

9-4«ي«.

  آ  ،   دد           د     د  

 د       د.  

10-3«ي«.

  د:د  د        دد   ژ

  

  

  

  

  

   ق     2  :د  

V i= 20
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 و روش: دوم و يار  ي

     د         ،       .د

.د   د    د  

2-1-  ا 

:     د د   د   

2-1-1- (KCL)

   .         

     )        د         د  

   :د (    

outI =∑ 0  

ژ-2-1-2 (KVL)

.      د  ژ    

       :د       د    

i
i

V =∑ 0 

:   د        :   

1   د +–     د =  د  

1 –  ژ   د =  د  

:  دKCL             د          د      ج 

  د  .KVL  د     د  د    ، ژ       ،

    د     ض    د .   ژ           

  د . 
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       د   : 

2-2-1-    ش

 ژ د  ،          )    د   V = 0  (       .

 KCL   د       )   ( ژ   .  

       د  ژ ،  ژ    ژ       ژ    

  KCL   د د       د  AV Volt= 5 .  

  

  

  

  

: KCL  د          KCL  د د   ژ  ،   . 

KCL  د د د   ژ     .  

  د          د:

1- KCL  ژ    د    .  

2-     ژ د      ،د             KCL     د  د

  .د  د  د                د    د 

  .       

3-  د    ،   ژ  ، ژ KCL      د       

  د  د  د.

:  د   

        sV V V− =2 1

  

V5  ±

AV

V1  

sV  

−+
V2  

  
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   ژ ،     د           د  دد  

  د ( )      KCL     .  

4-  ،     KCL   د    د   .KCL         . 

 د   ژ د     :  

  

            s
s

e
i

r
=  

  

  

5-   ژ)     د   ژ)      (    (

    .د د   د  

6-        :    د د د   د. د        

1 –   د  –  د   د د =   

7-  KCL  د      د      د      ج  . 

      :د  

1:  ژ ،    د     دV ,V ,V , V4 3 2 1 . د    

  

  

  

  

  

 

   د   V10  V40 : د    ژ 

  V V=4 40  V V=1 10  

  د  
si  r

±
se  

r

Ω6

Ω20  Ω10  ± ±

Ω5 V2
xi5 V3 Ω1

V10

V1

xi  
V4+ −

V40  
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    xi  ژ)  د      :د (  

x

V V
i

−= 2 1

5

         :  د2  3    د  xi5   ژ 

x

V V
V V i V V V V V

−− = = × = − → = =2 1
2 3 2 1 3 15 5 10

5

  د
V V

KCL : V V
− − − −+ + + = → =2 2

2

10 0 10 0 10 40
0 124

5 20 10 1
 

2:      دi . د   

  

  

  

  د      ژ       د  ژ  ،    دKCL  د د د

:د د    

 1د
V V V V

KCL :
− − −+ + =1 1 2 1150 0

0
20 2 5

  2د
V V V V

KCL :
− − −+ + =2 2 1 2150 0

0
6 2 12

 

  
V V

V V i i A
− −= ⇒ = = → = −1 2

1

58 72
58 7

2 2
  V V→ =2 72 

  

2-2-2-    ش

  د  ،           .KVL   د       )   

    (    .  

         ، د د    ،  د          

  .  

   

v150 ±

Ω20 Ω6

Ω5 Ω12

Ω2

i

v150 ±

Ω20 Ω6

Ω5 Ω12

Ω2

v150

V1
V2
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   د i A=1 2  .  

 

 

 

: KVL  د          KVL  د د     ،    . 

 KVL  د د د        .  

    د: د       

1- KVL      د    .  

2-           د  د     ،   .د   

         ،دد    د          ،دد  ك  د 

.  د     

3-          ، د     د    .  

4-  ،     ،    د  KVL      د      

   د  د  د.

:  د   

  

          si i i− =1 2  

  

    ،     د           د  دد  

  د ( )        KVL     .  

5-   ژ)     د          (    )  

  (    .د د   د  

6-                )        د 

A2 i1  

si
i2i1

  
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د د   د. د   (    د د     :    د  

 د   –  د   د د =   

7-  KVL     ، د ژ      ،   د  د   دse+  

  ، د ژ       دse−    د د .د      ،   ،

  ،د RI+   د   ،د    د   RI−   .د  

      .د  

3:  ،   د     د  I , I , I , I4 3 2 1 . د    

  

  

  

  

  

         :   

  I A=4 45 I A=1 10  

 KVL    د د2  3      xV2 :د  

( ) ( )x

x

I I V
I I I I I

V I I

− =
→ − = − → = −

= −
2 3

2 3 3 2
1 2

2
2 20 2 2 5 40

2

  د ( ) ( )KVL : I I I I I I+ + − + − =2 3 3 4 2 13 3 1 2 0 

( ) ( ) ( )I I I I I A→ + − + − − + − = → =2 2 2 2 23 3 5 40 5 40 45 2 10 0 9

  I A=3 5    

4:      دi . د    

  

  

  

A3
Ω6  

A7  Ω2  

Ω8  Ω4  Ω2  

A2  

Ω3

Ω1

A45

Ω3Ω1

Ω1

XV Ω2
XV2

I3  

I2

I4I1

−

+

A10  

i
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:د    د   

  i A= −4 7  i A=3 2 

i i A i i− = → = +2 1 2 13 3

  د  ( ) ( ) ( )KVL : i i i i i A+ + + + + + − = → = −1 1 1 1 1

9
2 6 3 8 3 7 4 2 0

8

  

 

 

  

ش-2-2-3 ي) (ش    

      د     KCL  د      KVL    ،   د د

      د .  

    د          KVL د د       ،د    ، 

 د .     

    .  د  د          

. د    ،   كد   

5:      دi . د    

  

  

 

  

  

A3
Ω6  

A7  Ω2
 

Ω8  Ω4  Ω2  

A2  i3  i4  

i2  i1  

+ −  

i4  

A2  

v10  

+ −  

Ω3  Ω2
 

i  

A8  
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 ش :   *

  د   ژ  د ،υ10   ژ    υ10     د    ژ 

   .دد  ژ    

  

  

  

 

 

:د    

V V i
V V V V VV V

i

− =
→ − = → =−= =

1 2

1 2 2 1 22 2

4
4 7

0
3 3

3 3

 

  KCL :د   د د  

  د
V V

KCL : V v
−

+ + − = → = −
2

2
2

7
10

23 8 2 0
2 3 3

   i :د  

V
i A= = −2 2

3 9
 

 * ش :د 

      i3       1  2  KVL  د   د .  

  

 

 

  

  

+ −  
i4  

A2  

•  •  

•  •  

A8  

Ω3  Ω2  

v2  

v10  
v10  

v1  

+ −  

  

+ −  
i4  

A2  

+ −  

A8  

Ω3  Ω2  

v10  

i2  

i1  

i3  

i  
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i A

i i A i i

i i i i

=
− = → = −

= − = −

3

2 1 1 2

2 3 2

8

2 2

8

 

  د ( ) ( )KVL : i i i i i+ + − = → − + − − =1 2 22 4 3 10 0 2 2 7 8 10 0 

i i A→ = → =2 2

70
9 70

9
 

   i :د  

i i A= − = − = −2

70 2
8 8

9 9

 * ش : 

  ،      KCL      د   KVL   .  

  

 

 

 

  

  

 

  د ( )KVL : i i i+ − + + =4 3 10 2 6 0 

i i A→ + = → = − 2
9 2 0

9
 

   د         د.  

  

2-2-4-د (ي)     ش

 ژ    د             KCL     )    د د

     د     ،(    ) .         ژ    

.(   

   

+ −  
i4  

A2  

+ −  

A8  

Ω3  Ω2  

v10  

i  

i + 8  

i + 6  

2  
8  
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6:      دxV . د    

  

  

  

  

     د   :د ژ    v2  د    ژ 

  

  

  

  

  

 KCL  ژ   د دxV− :د  

( ) ( )x x xx
x

V V VV
KCL : V Volt

− − − − − +−+ + = → =
5 2

0 1
4 1 2
3

 ش *

    د     د    ، ،    د  .   ،   

  .د د     

2-3- ر   اري

  د  د                        

 ،د د  د  ص    د    ،  د    .د    د   

     د   د  . :د د      

1-    ،   دi      دn                ،
i

n
 

 .د  

v7 +  
−  

+  
−

− +  

Ω5

4

v2  

Ω4

3

Ω2  

Ω3

2

Ω1

xv  

xv  −  
+

v7  +  
−  

+  
−

− +  

Ω5

4

v2  

Ω4

3
 

Ω2  

Ω3

2
 

Ω1  

xv  

xv  −  
+  

•

••

•

•

xv+2  

xv−  
v−5  

v2  



»42  «ار ا12و  
 
 
 

2-  ،   د     .دد  د              

 .د  

3-        ، د            د       

   ،          د     د     .     

   ژ  .  

4-    ژ د ،(   )   .          ع   كد 

       د    د .د  

7:     د  i , i2 1 . د    

  

   ،       i1    د 
i1

2
        د  .د

  د  
i2

2
   د ،      د د  .د i1  i3   د 

 KVL  د  .  
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:د   

( )

( )

i i i i
KVL : i i A

i i i i i A
KVL : i

 + + − + = = →  = + + − + =

1 1 2 1
1

1

2 2 1 2 2
2

1 24
102 2 2 2

2
2 0

2 2 2 2

 

   ،                .د  د    د

    R         ،
R

R || R =
2

  .  

 

 

 

 

  

 

 

 

 

 

 

   

+  
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1
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1
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v24  
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   د      د  :   

  

i A
||

i i A

= =
 +   

= × = =
+

1

2 1

24
10

1
2 2

2

1
102 2

1 52
2

 

8:   د  د     دb,a ؟   

 

 

 

 

 

 

  

 

 

 

 

     ،  ( )        د           

    :      د    

            

ab

R R R
R R ...

R ...

R R

= + + + +

 = + + + +  
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= = 
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 

2 4 8

1 1 1
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1
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1
1

2

 

v24  

i1  

i2  

2  

2  

1

2
 

+  −  

a  

b  

R  
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9:      R   د د  ،a  b .    

  

 

  

  

 

 

 

         1  2  3      4  5  6          .

        :د   د  

  

  

 
ab

R R R
R R= + + = 5

3 6 3 6
 

2-4- آپ ا 

   د        پ    A           د  

 د : ،  

( )dV AV A V V+ −= = −0  

 A .     
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:     پ د   

  

  

  

 

 

  د  ،A   گ د   ( )A →∞  ، :   

dV V V+ −= → =0  

.د د  د د     د   ،   پ د  ژ   

  پ  د     گ  ( )iR →∞  ،    ،   پ د

:  

in inI I+ −= = 0  

 .      ( )oR → 0  

  پ د   د :      

  

  

: پ      

1-     د ژ     د  .د  

2-   د  دKCL  د .  

3-  KCL  د  د .  

  

+  •  

•  

•  

+  

−  

•  

ov  

−  

OR  

oAv  

iR  

inI+  

inI−  

+  −  
dv  

ov  ••

•  •  

•

ov  

v+  

v−  
+  
−  
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10:  ،   دov   sv   پ) . د  .(  

  

  

  

 

 

 

         د1 :د د KCL   د پ

Vs o
o s

V V

V V V V R
KCL : V V

R R R

+ −

=

= =
− −+ = → = −11 1 2

1 2 1

0

0

0
 

   

•  

+  

−  
ov  •  

•  

sv  

R2  

−

R1  

+  

1

2
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 يشر   يار   ي  ي 

1-    دNi A= 3

2
،i1 آ (   دي ) ؟

1 (
23

4
  

2 (
17

4
      

3 (
17

8
  

4 (
23

8
  

2-   د i i= 12 ،s

s

V

i
:  

1 (− 1

3
  

2 (− 1

2
     

3 (2  

4 (3  

3-   ض    د     βـ د. د  mg

   ژ  ؟  

1 (mg .   

2 (mg  د. 3د       

3 (mg  د
1

3
   د. 

4 د د  (   .د     
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1 2
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 ↓  Nv  

+  
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v+ −  
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4- ؟V0ژ     د

1 (2  

2 (4      

3 (6  

4 (8  

  

5- xi.آ د  ( )I A,R ,E v= = Ω =2 7 14

1 (0  

2 (A4      

3 (A2  

4 (/ A3 4  

  

6-  آپ    د    آـ .LIـ  ـLRـ

؟

1 (sV

R2
  

2 (sV

R

2
      

3 (sV

R3
  

4 (sV

R

3
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−  

Ω1

2
 

i2  

v12  

Ω1

2
 

−

v1  

+  

−

i22  

/ Ω0 4  

v10  

+

oV

E  

E  

E  E  

E  

E  R  R  

R  

R  R  

R  

R  

xi  

I  

R  

R2  

sv  

R3  

−  

+  

LI  

LR  

±



»50 «ا  2و1ار
 
 
 

7-  ي α؟   دي   
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8-    دN   .   ي    ي
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9-   دα  ت     2( )t
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10-( )CV − =0 ـت1        V ti=ژـ ،ـ( )cV tد

؟   ي

1 (t +1  

2 (t +1
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3 (t t+ +2 1  

4 (t t+ +21
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11-    د دد   ـ ـ .αيـ ـ آ ي ـ ـ

oV     ؟ 
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4            د   ( .  

12- :      
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13-  ،   دsI  د (آ )I = ؟0  ،
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   

1-2«ي«.

  ،    Ni A= 3

2
   NV :د  

  

 N Ni A V t= → = υ0

3
1 1

2
 

  KVL      دKCL   1د :د  

  

  

  

  

  

 

NKVL : V V V Vo l t

V
KCl : i V i i A

+ − = → = − =

+ − = → = − = − → =1 1 1

4 0 4 1 3

1 3 17
5 0 5 5

4 4 4 4

2-4«ي«.

 KCL     دKVL :د   د  
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 دد  i i= 12 :د  ض   

s sV i V i= + + 12  

  KCL      د دV :د   

s sKCL : V i i i i i= + − = −1 1  

: د  

s
s s s s

s

V
V i i i i i

i
= + − + = → =1 12 3 3

3-3«ي«.

 ژ           ،د      
1

3
     .د

      دm xg V ،KCL    ،xV       د     

 د  
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3
 . د د  د  

4-2«ي«.

        oV V= 12    KCL  د  1  2 :د  

  

  

  

  

  

  

( )

( )

V V V
KCL : i i V

/

V V V
KCL : i V i V V V Volt

− −− + = → = −

−+ + = → + = → + − = → =

1 1 1
2 2 1

1 1 1
2 1 2 1 1 1

10 2 1 25
1 2 0

10 4 4 2
2

2 2 1 25
2 0 6 0 6 0 2

1 1 4 4
2 2

 

 oV V Volt= =12 4 .  

•  •  
2  1 
o  

o  

o  

o  

+  
−  +  

−  

Ω1

2
 

i2  

v12  

Ω1

2
 

i22  

/ Ω0 4  

v10  

V

+

−
1 V

+

−

1



 »55«   2و1ا ار 

 

 

5-1«ي«.

    ژ V      دKCL :د   د  
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KCL : I V V

R R

× + ×+ + + + = → = − = − = −  
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  xi :د   
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6-2«ي«.

  KCL  د  1 2 :د  
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7-2«ي«.

 KCL  )   د د1:د (  

 

  

  

  

( ) ( )
y x y

y x yy x
x y

V i i i

i i ii i
KCL : i i

= − = −

− − +−
− − + + =

1 3 61 3

3 3 203
1 0

4 2

 د د   xi = −7  yi = 9  د  .  

  KVL :د   د  

( )
y xi i

× + − −+ −α − = →α = = →α =
− −

3 9 20 61 14
3 20 61 0 2

7 7
 

8-1«ي«.

  R = 0   ،A1         د  د3         ،V = 0 

   .»1 « »3 «. د  

  V   د      3   ، R         

      د .»1« ،V = 2     »3« ،V /= 3 5 .  

  N             ،   V  

maxV V= × =1 3 3     .»3 «     د »1 «     ژ  V    

.د  
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+  

+  

+  

+  
−  

−  −  

−  

•

•

yi +3 20 

1d
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  KCL   1د :د  

  

  

  

( ) ( ) ( )

( )

t t t
R S

t

KCL : i i i e u t e u t e u t

V i e u t

− − −

−

= − = − = −

= × = −

1 1

2 2

1
1

2

   KVL :د   د   

( ) ( ) ( ) ( )t t
R RKVL : V i V V i e u t e u t− −− α = + → α− = → α− =  

→α− = − →α = −

1
2 1 2 1

2

1 2 1
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  ،   دد  ض KVL :د    د د  

( ) ( )d CV ti u t V= + − 0  

  t += 0 :د  

( ) ( )d t
V t t | +

+
=

= × + − = >1 1 1
0

0 0  

 دد        دد    .   KCL :د   د د  

( ) ( ) ( ) ( )

( )( ) ( )( ) ( )( ) ( ) ( )

( ) ( ) ( ) ( )

C C C
C

t t

C C

C C

V u t dV dV
KCL : u t t V tu t u t

t dt dt
d d

tV t u t t tV t dt t u t dt
dt dt

t t
tV t t u t V t u t

∫

−
+ = → + = +

→ = + → = +

   → = + → = +     

∫ ∫
2

1 1

1
2 2

0 0

  t > 0 :د  

Ri  
1  

i  

si  

se  +  

−  

Ω1  

Ω2  

Ω1  vα  
v  

+  

−  ±

•  
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( )CV t t= +1
1

2
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       د oV  sV گ    .   o

S

V

V

 
> 

 
1   KCL د    

KVL :د  د  

 

  

  

( ) x o o o o x x oKCL : i V V V V i i V
αα = + = → = → =

α
4

1 3 4
4

 

   د
( ) x x

s o

i i
KVL : V V

α + α + = + = + α  
1 4 1 1

5 2 5 2
 

o

s

V
.

V

α α→ = = ≥ →α ≥α + α ++

1 5
1 14

1 14 4 14
5 2

 

   α  14 .  

12-2«ي«.

  KVL :د    د  

KVL : i V i i V= + = + +2 2
1 1 1 1 23

  KCL :د     د د  

V
i V i V i V

−+ + = → = − = −2 22
2 2 2 2 1 2

3
0 3 2 2

1
 

   د    د د  V2  i1 :   

i i V

i V V

 + + =


+ − =

2 2
1 1 2

2 2
1 2 2

3

2 2 3
 

 ،د د       د  د   .د  

 د   د»2 «   د د .  

( ) xiα +1  1  
•  

oV

oV+  
−  sv  

5  xiα  

+  

−  

1 
3  2  

xi  
oV3
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13-2«ي«.

   د I = 0    ژ د ،sI    ژ د   4     ،I× =4 0.   

         ژ د4     ( )I = 0     ( )V = 0  د .

      4   د ،2    .  

:د    

  

  ( )
i A

||
= =

+1

10
5

1 2 2
  

  

       2   
i

/ A=2 2 5
2

 .  

  KCL :د      د د  

S S S

i
KCL : I I i I I i I / A

 − + + − = → = + = + × → =  
1

1 1

3 3
2 0 0 5 7 5

2 2 2
 

 ،  د
i− 1

2
     ط2  د د      .د  

14-4«ي«.

     oI      ،   د     9        

 SI      :د  

S Si I i I= → =
+
9 9

9 1 10

    10           i3    .KCL  د د1 :د  

  

  

  

Ω2

Ω1  

i1  

+  
−  

Ω2 V10
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o o S
S

I
KCL : i i I i I i I /

I
+ = + → = = → =036

6 3 4 3 6
10
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 KCL  KVL :د د  

V  ژ    د xVxV i
KCL : i i A=− + + + − = → =1 2 2

1 2
00  

  د x xKVL : V i V V V i Volt− + + − = → = =3 5 3 60  

Ω10

Ω1

oI  

Ω10

i6

i3  i3  

i  

1d
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 :د يار

                   د      

    ژ    .د        د     .  

د   ،ع   د          د      

  دد.

  

  

  

  د      د   ژ   :  ت     

V i= α +β

     د          :د   

  

  

  

 

   د KVL   د 1  د  KCL      .  

اي  -3-1     دل

 د     د     .  

.د (د )  د    ( )  د   ،     

  

        

  

   د    د   

≡  
  د 

o

o

a  

b  

+

v  

−  

i  

oce

thR  

    

    د

   

•  

•  

a  

b  

i  

v  
+  

−  

o  

o  

a  

b  

+  

v  

−  

i  

β
α

 

•  

α  

o  

o  

a  

b  

+  

v  

−  

i  

β  

α  

±

1d

  

  N  

•  a  

b  

i  

v  
+  

−  
±•  

o  

o  

a  

b  

+  

v  

−  
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د  د ،α   thR  eqR  NR    ژ    دβ   thV  oce  (  ژ)

    
β
α

   Ni  sci   (  ) .  

3-2-   يا ي دلي  

د     ،    د      thV ،Ni  thR .د    

3-2-1-thVoce(  (ژ

   thV   د  a  b  )    i = 0 ژ د ،     ( a  

b :ت  د . د    

 

  ab thV V=  

  

:  ، (  ژ)     thV =   دد. 0

3-2-2-Nisci(  )

  Ni   د  a  b  ) .   V = 0   ،     (

 a  b :ت  د . د    

  

  ab Ni i=  

  

     دNI  . دNI    دi  .  

:  ، (  ژ)     NI =   دد. 0

3-2-3-thReqR(د )

1-

 ،   د           د      د     ، 

  

  N  

•  

•  

a  

b  

i =0 

thv v=  

+

−  

  

  N  

•  

•  

a  

b  

i  

+  

−  

NI  
V = 0
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 ، ،    ،eqR .د    

: :  د   

د    ژ  د  . د      د     

  

:    ،  eqR      ژ     د   .V10     ژ   

V100   ، eqR        د د  د  .eqR          

  د.

2-د 

      د ،   د         دtV     ژ

      ژ    ج  ،      ( )tI  ت  د   

:  

  

  

t
eq

t

v
R

I
=  

  

        د  tI          ژ د ،    د ( )tV  

:د   د   

  

  

t
eq

t

v
R

I
=  

           .  

:     د    KCL  ،       دtV          د  

  د      KVL     ژ   د ، tI .   

  

  N  

•  

•  

tI  tv
+

−  

  

  N  

•  

•  

tI  

tv  ±
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3- 

    ،د     د  د   د   ژ  oce  د    د  .

     ،    د     sci :   د   د    

oc
eq

sc

e
R

i
=  

 د     د د  .  

 ،د  د         oce  sci     د     د

.      د    ت   د   

   ،    !  

4-

   دthV  ehR    ت  .  

)   ،      (ژ ) i(V     د          ژ 

V  )   دi :ت  د . د   (  د  

  Vژ   ت  i= α +β   ،د α  eqR  β  thV  .  

     iت  V′ ′= α +β   ،د ′α  
eqR

1
  ′β  Ni .  

:  V i= α +β          ژ   α  د    

( )eqR  β    )   ژ  oce  thV ( .  

 ،  ،    KCL  د د     KVL  د         

     KVL . د  د  

3-3-  اoce ،sci eqR  

   د :   

oc eq sc

oc
sc

eq

e R i

e
i

R

= ×

=
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        د د          د  د  ،      .

     ،ت د .د        د    

 د      .د  

1:      دR  ،V  3    Rژ ∞→ → 0     ،دi  3   

   .R = Ω5      ،. د   

  

  

  

          :   

oc

oc
eq

sc
sc

R
e

V e
R

iR
i A

i A

→∞
→ = υ = υ ⇒ = = = Ω

→
→ = =

3
3 3

1
3

3
3

0
 

  د     د  b,a :  ت   

  

  

  

  

:د   

oc

eq

e
i / A

R R
= = =

+ +
3

0 5
1 5

  

  

R = Ω5eqR = Ω1  

+  
−  oce v= 3  

i  

  

  

  

N  

•  

•  

R  

a  

b  

v  

i  

+  

−  
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2:   د    د  ،   دa  b . د   

  

 

 

:د    د   

i A

i A

+= × =
+ + +

+= × =
+ + +

1

2

6 4
6 4

6 4 1 4

1 4
6 2

1 4 4 6

 

  :د     ژ

oc a be V V i i Volt= − = − = × − × =1 24 6 4 4 6 2 4

   eqR  د   ( ) د     ،a  b :د  

( ) ( )eq abR R ||
×= = + + = = Ω
+

5 10 10
1 4 4 6

5 10 3
 

  

  

  
  

3:   د  د  ،   دa  b . د    

  

 

 

 

   

i2  i1  

•  •  

Ω6  

Ω4  

Ω4  

Ω1  

b  a  

A6  

•  •  

Ω6  

Ω4  

Ω4  

Ω1  

b  a  b  a  •  •  

Ω4  

Ω4  Ω6  

Ω1 Ω5  

Ω10  

b  •  •  a  

•  

•  

v
A1

40
 

Ω20  

Ω30  / A0 2  

a  

b  

v1

+  

−  
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     د/ A0 2         دد     tI     د a  b ،

abژ  tV V=    .  

  

  

  

  

  

 KCL :د   د  

t t

V V
KCL : I V I+ − = → =1 1

10 120
40 30

 

  KVL  د :د د   

t t t tKVL : V V V V V I I− − = → = = × =1 1 1

2 5 5
0 120 200

3 3 3
 

: د   

t
eq

t

V
R

I
= = Ω200  

:د 

:       ژ د  د   د  

tV V= 1

5

3
 

       :   

  

  

:     د       ، ژ د      

V
R
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−
= = − Ω

1
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5
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40
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40
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:د      

  

  

  

 

( )eqR ||
− × = + − = = Ω   − +

200
50

200 320 30 200
2003 50
3

4: . د      د   

 

  

  

 د     :   د    ،د د   د.

oc sce i= = 0  

.   د     

  د   KCL  KVL :د  د د  

  

  

 

 

I  د ( )KVL : i i i i i i− + − = → =1 1 1 12 2 2 0  

II  د ( ) eq

V
KVL : V i i V i i i i R

i
− − = → = + = × = → = = Ω1 12 2 2 2 2 4 40  

  

i12  

Ω2  Ω2  i  

i12  

i1  

Ω2  

o

o

a  

b  

+  

−  
v  +  

−  

i12  

Ω2  Ω2  i  

i12  

i1  

Ω2  

o

o

a  

b  

+  

−  
v  +  

−  

i i− 1  

III

•  

•  

a  

b  

Ω20  

Ω30  

− Ω200

3
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5:      دK    :     

.    د  (  

. د     د  (  

  

  

  

  

 

     ،  KCL   د     I II ،KVL  .  

  

  

  

 

  

  

I  د  ( ) ( ) i
KVL : i i i i i

++ + + − − = → = −1 1 1 1

1
4 2 2 0

2
 

II  د   ( ) K K
KVL : V i i Ki i

α β

   = + + = − + − −      1 12 1 1
2 214 2 43 14 2 43

 

  :   

eq oc

K K
R , e= α = − = β = − −1 1

2 2
 

: د   

) oc

K
e K= →− − = → = −1 2

2
0 0  

) eq

K
R K= → − = → =1 2

2
0 0  
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Ω2  
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6:   د   ژ ،   دa  b . د    

  

  

  

     دΩ3  ژ     د         )       

  ،    (   )          ،ژ    ( 

   .  

       ab   ،  Ω7                .د

      Ω2 :د  

 

  

  

KVL : i i i i A− + + + + = → = 3
5 2 2 2 0

5
 

: د   

abV i V / Volt= + = =22
4 2 4 4

5
 

7:   د  د a  b ؟   

 د      د      د      د     

  د.

   

Ω1  Ω2  

A1  v5  Ω2  Ω3  
Ω7  

a  

b  
•  
•  +  −  

Ω1  Ω2  

v5  

Ω2  a  

b  
•  
•  +  −  +  −  v2  

i  

•  

•  

a  

b  

eqR  

•  

•  

a ′  

b′  

Ω1  Ω1  Ω1  Ω1  

Ω2  Ω2  Ω2  Ω2  . . . ∞  
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     د  د  .   a′ b′   د د  ،        ،

 د   د    دa b       . :د د  ت      

  

  

  

:د  د   

( ) eq eq
eq eq eq

eq eq

eq eq eq

R R
R || R R

R R

R R R

+
= + = + → =

+ +

→ − − = → = Ω2

2 2 3
1 2 1

2 2

2 20

 

3-4-  ل دا  

 د  ت د       : 

1- 

      :   

        
V V

i i

=
= −

1 2

1 2

2- 

        
V V

i i

= −
=

1 2

1 2  

 V   i: س    ژ   .د   ع    د ،  

  د
V V V

i i i

= =
 = = −

1 2

1 2

 

د  س
V V V

i i i

= = −
 = =

1 2

1 2

 

    د   ژ  د         ،(د ت    ت ) 

  V i  د  .  

•  

•  

a  

b  

eqR  

•  

•  

a ′  

b′  

Ω2  eqR  

  

N1 

  

N2 
•  •  

•  •  

i1  i2  

v2  
+  
−  

+  
−  

v1  

  

N1 
•  •  

•  •  

i1  i2  

v2  +  −  +  −  
v1  

 

N2 
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8:  ،   د V i . د    

  

 

 

 

 

 

  

      د   N1 N2 :  د  ت   

  

 

 
  

  5د     د  K = 1   N1 :د  

V i= −1 1

1 3

2 2
 

     N2   1د : د   د   

  

  

  

  

 

  د     :   

V V V , i i i= = = − =1 2 1 2

    N1 :د  

V i= −1 3

2 2
 

  

  

i2  

v2  

1 

1  
−1  

−1  

A2

+ −  

+ −  

+  
−  

i′  

i  

v4  

i1  

Ω1  Ω1  

Ω1  

Ω2  
•  

•  

+  

−  

v  
A1  

A1  

v1  

 

N1 

 

N2 

•  •  

•  •  

i1  i2  

v2  
+  
−  

+  
−  

v1  
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    د    :  

  

  

  

  

:د       

V V V Volt

i i i A

= = = −
 = − = = −

1 2

1 2

1

1
 

3-5-  دل ا–  ( )y / ∆ 

د      .        د ،   

:د        

  

  

  

  

A B A C B C
AB

C

Z Z Z Z Z Z
Z

Z

+ +=  

A B A C B C A B A C B C
BC AC

A B

Z Z Z Z Z Z Z Z Z Z Z Z
Z , Z

Z Z

+ + + += =  

     دA B CZ Z Z= = :   

AB AC BC AZ Z Z Z= = = 3  

   

i  

v  

1 

1 
−1  

−1  
− 3

2
 

−3  

•  •  

•  

•  

AZ  BZ  

CZ  

B  A  

•  •  

•  

BCZ  

ABZ  

ACZ  

A  B  

C

C
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:د        

 

  

 

AB AC
A

AB AC BC

AB BC AC BC
B C

AB AC BC AB AC BC

Z .Z
Z

Z Z Z

Z .Z Z .Z
Z , Z

Z Z Z Z Z Z

=
+ +

= =
+ + + +

 

  

    د AB BC CAZ Z Z= =   :   

A B C ABZ Z Z Z= = = 1

3
 

9:       د   Ω3  د  د  ،a b . د   

  

         د :  

•  •  

•  

BCZ  

ABZ  

ACZ  

A  B  

C  

•  •  

•  

•  

AZ  BZ

CZ

B  A  

C  
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  د   د       :  

  

  د  :   

 ( )abR ||= + + = Ω1 6 6 1 5  

 

 

 

3-6-   

    ژ  :د   ت    

 

 

  

a  

b  

o

o

1 

1 

6  6  
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     د   د.   د   

3-7-    

   ح!!!

 

  

  

 ab   Z5  .  Z Z Z Z i= → = →1 3 2 4 0    

:    ت      

  

   

si  

z3  z2  z1  

si  si  si  

i  

z1  z2  

z3  z4  

z5  
b  a  •  •  +  

−  sv  
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  اي دلي   ي  

ي-1   د b,a  (آپ ؟ ( 

1 (th thR R , V E RI= = +2

3
  

2 (th th

E RI
R R , V

+= =10

11 2
    

3 (th th

R E
R , V= =

2 2
  

4 (th thR R , V E= =  
  

2-:      د 

1 (( )th thV t ,R= δ = Ω2  

2 (( )th thV t , R= δ = Ω2 3    

3 (( )th thV t , R= − δ = Ω3
2

5
  

4 (( )th thV t , R= −δ = Ω3

5
  

3- د  د ab؟  

1 (Ω5

11
  

2 (Ω1     

3 (Ω3  

4 (Ω39

11
  

؟-4      د 

1 (Ω1  

2 (Ω1
1

3
      

3 (/ Ω1 5  

4 (Ω2  

−  
+  E  R  

I  

R  R

R  

R  

R  

R  

∞  +  −  

o  

o  

a  

b  

v2  

Ω1  

Ω2  v  

+  

−  

o  

o  

a  

b  

( )tδ5

•  

•  

a  

b  

Ω1  

Ω1  Ω4  

v3  

si  A1  

v+ −1  

v

+

−
 

+ −  

V1

7

6

Ω1  Ω1  

Ω1  Ω1  
sI  

thR  

xi3  

xi  •  

•  



»78  «ار ا12و 
 
 
 

5-،(  ض )   دN1N2 ـ ـ ـ ي ـ( )s si V i= +2

7

 ي  .Ω4 د         abΩ8

9
د؟

1 (Ω8

7
  

2 (Ω8

5
      

3 (Ω2  

4 (Ω4  

6- د  د b,a؟    د  دد 

1 (R /+3 3 2  

2 (R /−2 1 5     

3 (/ R +1 4 3  

4 (/ R +2 4 2  

 

7-  N .  دد    دi:  

1 (A− 5

9
  

2 (A− 4

9
      

3 (A
5

9
  

4 (A
4

9
  

R  

i′  
Ω3  

Ω3  Ω7  

Ω9  i′13

a  

b  

o

o

i′11  

+  −  

i1i  NI  Ω1 Ω2  

−  
+  

Ω1

/ i10 5  
v5

N  Nv  

+  

−  

N1  N2  +  −  

i2  

sv  
Ω4  

i  
si  

a  

b  

•  

•  

NI

Nv

/1 8
 

1  /1 3
1
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8-د .آ د     

1(    2 (  

  

  

  

  د  د) 4    )3

  

  

9-  ( )sci؟ 

1 (A1  

2 (A2      

3 (A4  

4 (A8  

  

10-،  دabV؟  

1 (1  

2 (2      

3 (
1

2
  

4 (
1

4
  

R  E  

a  

b  

o

o

xv5

xv+ −  

+  
−  

+  
−  

E
5

6

a  

b  

o

o

R
5

6
 

+  
−  E

5

6

a  

b  

o

o

R5  

+  
−  

E
5

6

a  

b  

o

o

+  
−  

A5  

xi2

Ω1 Ω1

xi  

Ω1
Ω1A3

R

sci

Ω1  

Ω3  •  

Ω2  
Ω1  

v3  

Ω3  

•  

Ω1  A2  

a  

b  

+  
−  −  
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ي-11 د  د b,a؟    

1 (Ω4
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12-  ي     دKي د  د ab؟ 

1 (1  

2 (2      

3 (5/2  

4 (4  

13- د       دab؟ 
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؟-14 ت  دد د   ،   د
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ي-15 د  د ab؟     
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16-،       )ي )CV tيt ≥ ؟0   ( )( )CV − =0 0
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17-     يد   د  .   B, A؟  
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18-،   دR  دد     ژـ .RVـ د دـ
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19-  دin
k
lim Z
→∞

؟ 

1 (bZ−  

2 (bZ R−      

3 (bZ R+  

4 (  

 

 

 

 

 

 

+ −  

A1

1 
i2

 
+  

−  

v11 i23

v15  +  

Rv

−  

RI  
Rv

RI  −5

5

5

R  R  

ki  

inz  

bz  i  

o  

o  



 ار ا183«   2و« 

 

 

20-د  د د  ab؟     د
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  

1-3«ي«.

        I   R ژ  E ،      R   

  د       د:

  

  

  

  

  

  پ  ژ  د     د    ،   1  2   :د  

V V V V+ −= = → = =1 20 0  

ة   د      ژ . د 3       ژ د   پ      

 د      :  
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2-3«ي«.

   دد  tI  دa b   KCL :د  
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:د  د  د  د د    

( ) ( )
{

( )t t t t t

th
th

V
R

I V V t V I t− − = δ → = − δ3 3
5 2

2 5 1 2 3
 

 thR = Ω3

5
  ( )thV t= − δ2  د  .  

3-2«ي«.

      د  د د       دد     tI  د 

a b   ،KCL KVL :د   

  
t

t t

V V I
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  KVL     د :   
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4-4«ي«.

       د  د د   : د ،  
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    xi3     :د  د  

 thR = Ω2  

  

Ω1

Ω1

thR  

•  

•  



»86  «ا  2و1ار
 
 
 

5-3«ي«.

 sVد،  sV   د د  د   ،ژ  =0   :د  د  

( ) sV
s s si V i i i== + → =2 2
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   ژ د 4   V :د   د  

s sV i i i= = × =2 8
4 4

7 7
 

:      د   د د    

  

  th ab
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= = = Ω8
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   د   4             R         ،R  

 4   thR  : ،د  
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   4     2   د   د  ،  a b  Ω8
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  .د  

6-2«ي«.

   ،     ،د   د د  tI     د  b,a          د

KCL      دKVL :د      د د  

 

 

 

Ω4  
i  

si  

a  

b  

•  

•  

+  
v  
−  
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  د ( ) ( ) t
t t

I
KVL : I i I i i i′ ′ ′ ′− + + − = → = −7 3 1 3

2
0 0  

  د ( )t t tKVL : V i R I i R I ′ ′= + − = −  
3

3 2 2
2

 

:  

t
eq

t

V
R R R /

I
= = − = −3

2 2 1 5
2

 

7-4«ي«.

     دV I−      د د      N     د 

. د      ژ  

     KCL       دKVL :د  

  

  

  

  

 ( )N NKVL : i / i I i i I+ − − − = → = −1 1 1 1

2
2 5 5 2

5
0 0  د

  

د  د N N N NKVL : V I I i / i I / i= + − + = −1 1 10 5 2 0 5  

:د   د  د   

N N N N NV I I V I
 = − − → = +  

1 2 9
2 2 1

2 5 5
 

R  

i′  
Ω3  

Ω3  Ω7  

Ω9  i′13

a  

b  

o

o

i′11  

tI  

tI i′−
tI i′+10tI i′−2  

+  

−  

tv  ti

+  −  

i1
 i  NI  Ω1  Ω2  

−  
+  

Ω1
 

/ i10 5  
v5  

Nv  

+  

−  

NI i− 1  
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  د  V I− :د   د  

  

N N NV I / I A= + = → =9 4
1 1 8

5 9
    

8-3«ي«.

   thV   KVL :د    د  

  

  x x x
th

th x

KVL : E V V V
V E

V V

= + =
→ = =

5 6 5

5 6
 

 

 

   thR      :د    

  

  x x x thV V V R= − → = → =5 0 0  

9-3«ي«.

        د Ω1          ،د     

   xi :د  د .  

  

  

  

 

 

A5  

xi2

Ω1 Ω1

xi  

Ω1
Ω1A3  

A3

xi  xi2

sci

NI

Nv

/1 3
 

/1 8
 

1
 

4

9
 

•  

 N     

R

R  E  

a  

b  

o

o

xv5  

xv+ −  

+  
−  

+  
−  

+  

−  

thv

a  

b  

o  

o  

xv5  

xv+ −  

+  
−  
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sc x x xKCL : i i i i= + − = −5 2 5  

   د x x x xKVL : i i i i A+ − = → = → =2 3 3 3 10  

sc xi i A= − = − =5 5 1 4  

10-1«ي«.

    د –       a b :د  

  

  

  

  

  

  

:د  د  

  

abV Volt= × =1
2 1

2
 

11-4«ي«.

    tI  د  a b  د     1 2  تدKCL :د    

  

  t

x

V V

V V V

=
 = −

1

1 2

  

( )

( )

t t x t
t t

x t
t

V V V V V
KCL : I V V I

V V V V V
KCL : V V

− −+ + = → + =

− −+ + = → − =

2
2 2

2 2 2
2

2
1 2 2

2 1 1

2
2 0 4 7 0

1 2 1
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:د   د  د د  د   

t

t
t t t t t ab

t

V V

V
V V I V I R

I

=

 + × = → = → = = Ω  

2

4

7

4 15 14
2 2 2

7 7 15

12-4«ي«.

 د  د   a b   ژ  tV     د      تد    

:د   

  

t

x t

I I

V I I I I

=
 = − = −

1

1 2 2  

( ) ( )
( ) ( ) ( )

t tt t t

x t t

I I VKVL : I I I V

KVL : I KV I I K I K I

− =+ − = → + + − = − + − =

22

2 2 2

3 21 2

2 0 2 3 0
 

:د  د   د  د   

( ) ( ) ( ) ( )( ) ( ) ( )

t t

t t
t t t t t t

I V
I

I V
K I K K I K I V K V K I0 0

−=

− − + − = → − + − − = → − = −  

2

3

2

3
2 3 2 2 3 3 3 5

2

 

:  

t
ab

t

V K
R K

I K
0

−= = < → < <
−

5
3 5

3
 

    دK = 4  د   د a b .   

13-1«ي«.

   د ژ       ،     د         

 د  دa b       :  

 

 

        ژ د     xV        xV    

  KVL :د   د  

ab x x x abKVL : V V V V V= − + + = → =2 0 0
 

    د           .  
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14-4«ي«.

 د   ت  ژ       د     ، ژ  ) :

      .(  

  

  

  

:  ت     د   د    د   

  

Vد    ة       ط     ت  i= −2       

     ،         د :  

  
V
i: A =
=

1
1   

  

  

  

        .       ،     ،    دد  ژ د 

.   دد   

15-3«ي«.

  KVL     دKCL :د  دد   د ت د  

  

KVL: V V V V V V

KCL:i V i V i V V V V V V i

− + = → =
= − − → = − = − = → =

2 1 2 1 2 1

1 2 1 1 1 2 1 1 1 1 1 1

2 3 3 4

3 3 2 4 3 2 4 2 2 2

: د  

in ab

V
R R

i
= = = Ω1

1

2  



»92  «ار ا12و 
 
 
 

16-1«ي«.

 د   د  د  b,a          :د  

  

    دKVL :د    د  

  

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( )

c
c c

t t t
c c

c

dV d
KVL : u t t V u t t V t

dt dt
d

u t dt t V t dt t t V t ]
dt

t
V t

t

∫

= + + → = +  

→ = + → = +  

→ =
+

∫ ∫ 00 0

1 1

1 1

1

 

17-4«ي«.

         AB    د  ،  د          ،

 :د      

  

           AB     ،  د    د  د      

  :د  د  

:  

ABR = × = Ω1 3
3

4 4
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 د      د   د  د   :  
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( )KCL : i i V V i+ = → =2 2 1 1 21 3 4

  دKVL : V V i V V i i i i= + + = + = + =1 2 1 1 2 2 2 25 6 24 25  

( ) ( )KCL : i I V I I= + → = + = +22 1 25 1 25 25  

   دV I−  ت    V I= +25 25            ة     

       :   

R

R

V V

I I

=
 = −

 ،    د  د د I   I−       V I= − +25 25      

    :د  

  

  

R R

R R

V V I

V I

= = − +
 + =

25 25

5
    

:  

R R R RI I I A V V− + = − + → = → = − =5 5 25
25 25 5 5

6 6 6
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 KCL    دKVL :د    د  

  

Zb 

I-i 

I

ki
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   د ( )( ) ( ) ( )
( )

b
b

b

R Z
KVL : R I K i Z I i i I

R K Z

+
− + + − = → =

+ +
1 0

1

 د   ( ) ( )
( )

b
i

b

RK R Z
KVL : V R I K RI I

R K Z

+
= − = −

+ +1
 

( )
( )

( )
( )

b b

b b

K R Z R R K Z
V R I I

R K Z R K Z

 + + −
→ = − =  + + + + 

2 1

1 1
 

:  

( )
( )

( )
( )

b bb
in

b b

RZ K R RZR RZ KV
Z

I R K Z RK R Z

− + ++ −
= = =

+ + + +

22 1

1

: د  

b
in b

K

RZ
lim Z Z

R→∞
= − = −  

20-1«ي«.

 د  ت    ،        ژ      .د  
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:د   ژ    

  

  

  

V12
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ر :او  يار 

    ا  ت ا   ت     ژ  ا ، KCL KVL  

       اا  ا ت ت  ا ،اتا ا       ا .

 .  

  لا  ،ا آ  ، لا  ا  ت  ا     ا .  

          اا   ا  ، .ا  

 آ  () ژ ا  ا  ا      ا   (ژ)     

.ا  

   ا  ، ا  ژ ا ، ا  ا ا         .

.ا  

ن-4-1

 ا  ا  .ا       لا    تا  ا   ا .ا   

   ا : ا  

q C.V

dq dV
i C

dt dt

=

= =
       

 

 

t

oV V i(t)dt
C

q
W q.V CV .

C

= +

= = =

∫
2

2

1

1 1 1

2 2 2

0

 

 ا ا  q  ،  ا C   ،ا   V     ،  ژi   

 ،آ oV      ژ اW  لژ   ژا .  

  لا    : ا  

tC ( ...)
C C

−= + + 1

1 2

1 1
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  . . . ⇒  

  

ژ ا  ل  ot o oV V V ...= + +1 2  

   ا :ا  ا ال 

  tC C C ...= + +1 2  

  

i ot
ot o oi

ot
t i

i

C V
q C V C V ...

V
C C C C ...

+ += = =
+ +

∑
∑

1 1 2 2

1 2

  ژ ا  ل 

 ا     ا ، ا   ا  ژ  ا     ،  ع ا .

 ژا  لا ا    ا  :آ   

o oC V C V ...= + +2 2
1 1 2 2

1 1

2 2
  W ا ال

o o
t ot

C V C V ...
C V (C C ...)( )

C C ...

+ += = + +
+ +

2 21 1 2 2
1 2

1 2

1 1

2 2
 لا اW  

  :   

  Wا ال W< ا ال

 ژا ا اW∆    ت              ،

   .  

W ا ال −W ا ال W∆ =  

1:  ،  ا S1  S2    t t= 0      ا    ژا .

t t−= 0  t t+= 0    ؟  

o

o

o

C F V V

C F V V

C F V V

= =
= =
= =

1 1

2 2

3 3

2 2

3 4

5 3
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 t ا ال t−= 0   : W ( ) / j= × + × + × =2 2 2
1

1
2 2 3 4 5 3 50 5

2
 

ا ال   t t+= 0   : W ( )( ) / j
× + × + ×= + + =

+ +
2

2

1 2 2 3 4 5 3
2 3 5 48 05

2 2 3 5

W W W / / / j∆ = − = − =1 2 50 5 48 05 2 45  

4-2-

ا  ا  .ا  ا        لا    تا  ا   ا .ا   

   ا : ا  

L.I

d di
V L

dt dt

ϕ =
ϕ= =

       

 

t
i I V(t)dt

L

W i Li
L

= +

ϕ= ϕ = =

∫
2

2

1

1 1 1

2 2 2

0
0

 

 ا ا  ϕ  ،  ا L ا ،  I   ،آ  V   ژ

 ، I0   آ  ا W .ل اژ  ژا  

  لا  :ا ا   

  

. . . ⇒
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  tL L L ...= + +1 2  

 ل ا  ot o o
ot

t

L I L I ...
I

L L L ...

ϕ + += =
+ +

1 1 2 2

1 2

 

 ا لا ا :ا   

tL ( ...)
L L

−= + + 1

1 2

1 1

 ل ا  ot o oI I I ...= + +1 2

 

 ژ ا  ا   آ ا  ا ژا ا  ،    ا  : ا 

W  o ا ال  oL I L I ...= + +2 2
1 1 2 2

1 1

2 2
  

W  o ا ال  o
t ot

L I L I ...
L I (L L ...)( )

L L ...

+ += = + +
+ +

2 21 1 2 2
1 2

1 2

1 1

2 2
 

W ا ال−W ا ال   W∆ =  

 ژا ا اW∆     ا    ،   .  

4-3-   

   . لا  ،آ   ا   ا ت  ،    ،ا  ال

   ا ا (     )      ا      ا   ا

 لا  .  

  ا اn    n   )  ا  ،   (            

 ا     لا  ا ا ا  ل اا  ا   ا    .  

 ا ا  آ  آ ا ا    ،لا  ا    ا     ت :  
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ا     ، ا    لا  ا  ا:ا  

 آن -4-3-1 د دا و  

  ا)     ا      .ا آ    ا   ،(ا  

     لا  ا ا ا  ا   ا 1−ا 4  −2 4  ا  ،

.  ا آ   ا  ا  

 ا ا ،ل ا RC :ا     

 

  ( )C oV V+ =0  

a    C R
C R

dV V
KCL : i i C

dt R
+ = → + =0 0  

C RV V C C C
C

dV V dV
C V

dt R dt RC
=→ + = → + =1

0 0  

 ا  :  لا  ا   

t

RC
C oV (t) V e , t

−
= ≥ 0  

  ت  آ   : 

  

     ،  ا  ا     ا ا .ا         ا ،

 .  
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4-3-2-   ي د وشااول ي  

ا ا  آ  ( )    ا    ل ا  ا ،       ا    

 :آ  

  

  

  

  

 ،ا  ا    .آ   ا لا  ا       ،   ا  

      .ا ا ا ا     ؛ا     ،      ا

   ،          ا  ا    ، ت   ا  ا ا 

 ع ،         .  

     لا  ا  ،ا ا DCا ا   ،    :آ  

[ ]
t

y(t) y( ) y( ) e y( )
− τ= − ∞ + ∞0  

 y  ا ا (     ال ا)   .ژ

      ا آ اا  ا ا ا ا ا آ آ    :  ا   

1-  τ

 لا  ا  ط         ا ت  لا  ا     4   5 

     ا  آ ا . 

   ت   ا   :  

  RC   ا ا eq: R Cτ = ×

  RL   ا ا
eq

L
:

R
τ =  

 آ  eqR    آ    .ا      ا   ل  ل    ا

 

o ce
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   ا   ل  .    

: ،لا  ا   ا  τ5  ا       (  ا)        ا  ا

 !    ا    

2-y( )∞

y( )∞ .ا   (  ژ)     ا ل

  

 ا  ا ا ا      ژ ا آ   ا :  

  

ا    ا  :  

 

 ا  لا ،     ا ،          ا ا ات ا        

y( )∞    ا   ا .آ  

3-y( )0

 y( )0    ل ا   ا   ط    .  

ا ا  ا ا  ا   :  

  

ا :ا      

  

 ا  ژ   ،   V0  ا     ،    ( ژ ا)I0 

 ا ( ا )   ا ا ات ا     y( )0    ا .آ  

: ،    (  ژ )  لا ،   ، ا ا اا    ا

 )  ا ا (   .  

 *

 ا      ،لا  ا              ،ا  .ا  
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   ا ،ا                ا  ا ،    t = 0 

 .  

  .ا            ، ا   ل ا  ا اt −=0  

   ا  ا  t += 0   ا   .  

 ا +0    ا   ا  y( )+0 ا ا  ا     −0     ا   

) 0−ا   ا    −∞ آ   ا  (y( )−0 ا ا      .  

     : ا  

  

( )y +0 آ   ا  ا ا ا←    ا t +← = 0  

  t = 0  

( )y −0  ا ا ا آ   ا  ←   ا   t −← = 0  

2:    ا CV (t) .آ   ا  

  

  اτ    ا ،eqR  ا ا :  

eqR ( ) ( ) /= + + = Ω3 2 2 3 2 5P  

eqR C / Sτ = × = × =2 5 2 5  

 ا  y( )∞ا ا ا  ،        u( t)−7 :ا  آ   
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I / A= × =
+ +1

2
12 2 4

2 3 5
 

CV ( ) I / V∞ = = × =15 5 2 4 12  

  اy( )0 ا ا     ، ژ        ا اV( )−0  ا  ا

ا ا       آ  ا آ  V( )+0  ا ا :  

  

I / A= × =
+ +2

3
7 2 1

3 2 5

C CV ( ) I / V V ( ) / V− += = → =25 10 5 10 50 0  

:ا ا ا  

C C C C C

t t t
tV (t) V ( ) V ( ) e V ( ) ( / )e V (t) / e

− − −+ = − ∞ + ∞ = − + → = − + 
5 510 5 12 12 1 5 120  

:ا  ت  آ    

  

  ا    ا        . :  ا ل ، ا  ژ

4-3-3-    

     ژ ،لا  ا      ا  ا ا)      ا

A7

A12
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  ا    ،(  t t= 0  ا  ا ا   .       ا

   ژا ا ا  ،       t t−= 0  آ       ا ا

  ا اt t+= 0 .   

:  ا    ا   ا    ،لا      )t += 0   (    ،ا

  ا ا لا t −=0   ا ا ا )       (CV ( )−0   LI ( )−0      ا

 .آ  

   ا ا   ا :  

C C

L L

V ( ) V ( )

I ( ) I ( )

+ −

+ −

=

=

0 0

0 0
 

  ا ا    tم += 0         ا   ،ا     ( ا ا ا ) 

t += 0    .آ  

3: ا ،  ا si (t) u( t)= −50   ا     ژ ،t += 0 .آ    

  

  

  

  

 ا   ا  م ا  لا  ا تا      ا         ،

 .  ا ا ا ا  

   ا     ا  ا   n .ا   

  ا ا ،   −∞  ا  .ل ا  آ t −= 0 ا ا         .

.ا  لا    لا   ا  

  ( ) ( )CV V V− −= = × =5 1 50 0 0 0 00 

 

 
( )V t
+

−

( )si t
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Li ( ) A− = 50 0  

:ا ا  

C

L

V ( ) V

i ( ) A

+

+

=

=

5

5

0 00

0 0
 

  ا  ا    t += 0 ا ا ا  :ا ا    

 

KVL : V( ) V( ) V+ += − + → =25 5 250 0 00 0 0

4-4-   د  ع

   ا .ا  ت  لا  ا        ا   ا    ا لا

:  

1- د

        ،        ا .  

: د  (   ا    ا     ،y( )∞ = 0         ا .

: ا ا   

t

y(t) y( )e
−τ= 0
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 (:     ،ا  ا ا  ا y( ) =0 0 :ا .ا  

t

y(t) y( )( e )
−
τ= ∞ −1  

  

  

: ج)  .ا           ع

[ ]
t

y(t) y( ) y( ) e y( )
−τ= − ∞ + ∞0  

  

  

2-د د

      ،ا       ا    .  

:  (     ا t →∞     ، .  

[ ]
t

y(t) y( ) y( ) e
−τ= − ∞0  

:  (     t →∞   .  

y(t) y( )= ∞

:    ع   ا    ا . ج)

[ ]
t

y(t) y( ) y( ) e y( )
−τ= − ∞ + ∞0  

  ا      ا ا ا   ا  ا   ا   .  
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:  y( ) y( )= ∞0 :ا ا   ا  ا  ا   ا  ،  

y(t) y( )= ∞  

4-5-   د  

 ا ا   ا u(t)      ،   ا           .آ

  اS(t)   .  

:ا    ژ   ا ،  ا    

Si (t) u(t)=         

 
t

RC
CS(t) V (t) R( e )u(t)

−
= = −1  

:   لا  ت  ا  ( )  ( τ5   ا، ا   T    ا ژ  ژ 

 ژ  ژ     .ا   ا  .  ( ا ت   ( ) ت

  ، لا ا  ا ا     ،  ا  ا        ت   ا

:  

  

( )si t

( )Si t

( )CV t

( )CV t
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  ،آ   ا ا  لا  T   ژ ا      ژ  لا R+   R−  

  ا   T3  ژ    ا  .T ≥ τ5  م    .اT ≤ τ5     ا

 ما     ژ  ژ .  

: )     ا   LTI  ا   ا       لا  ،(

            ،(...   ،الا ، ،  ،   )   

 لا .  

  

4:  ا  RCا  ل  اا  ، ا  ژ ،t
CV (t) e−= − 21    ژ ا ا .ا

  ل     u(t)3   ، لاCV (t) .آ   ا  

 ا   :( )u t3  :3     ،ا  ا3  ا : ،  

 ا  ج: ( )t t
CV (t) e e− −= − = −2 23 1 3 3  

 ا ا ا  oV V=1:ا ا ا ا   ا :  

 ا  :ا ا t
CV (t) e−= 21  

: ا ا       

t t t
CV (t) e e e− − −= − + = −2 2 23 3 1 3 2  

4-6-      

  ،لا  ا  ا        ا ا   ا ا  (  )    ، 

        ا     ا   .  

          ا   ت   ا  t   اt t= 0   )  ا اt0    

  ،(. ا  ا     ت  

 ل    ا     لا  ا م    .  
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5:   ژ ،  ا C1 (.       ) .   آ   ا  

  

C C

R R

C C F

V ( ) V ( )− −

 = = Ω
 = =
 = =

1 2

1 2

1 2

1

1

0 0 0

      .ا  ال ا  ،            ا  ت ا

 .  

 (ا                         t s< <0 10  

  

t
C C

C

s

V ( ) V (t) e

V ( ) V

−

τ = × =
 = → = −
 ∞ =

1 1 1 1

1

1

0 0  

  ا   s > τ11 50  ا   ژ  ،ا  ا  ژ    .  

 (                            s t s< <1 150  

  

 eqR
s

C F

 = = Ω → τ =
 =

2

1
1 1 1

2
2

1

P
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 ا  ا ا ا ، ا       ا ( ژ ) .آ  

t
C t sV ( s) e e V− −

== − = − 1
11 1 1 1;0
00  

( )CV V∞ = × =1 1
1

2 2

:ا     

( ) ( )
t

t/
CV t e e

−− − − = − + = +  

1
2 15

1 1 1 1
1

2 2 2 2

0
00

    ا sτ <15 5  ا  ژ  ا  V
1

2
 .ا   

t                        ج)  s>15  

 

   ،    ا C1  C2  ا .  

 ا ا  ژ ا اا / V50  )C1 ا  .    ا ژ ا    (    ژ

 ل : ا  

CV ( ) V
× + ×

= =
+

1
1 1

12
1 1 4

0
0

  ل  ژ اCV    t s=15  اV
1

4
 .ا  

:ا   

eq

eq

R
s

C F

= = Ω
→ τ × =

= + =
3

1
1 1 1

2 12
2

1 1 2

P
 

C

t
(t )

C

V ( ) V

V (t) ( )e e
−− − −

∞ = × =

= − + = − +
15

151

1 1
1

2 2

1 1 1 1 1

4 2 2 4 2
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 ا :   ا  

t

( t )
C

(t )

e , t s

V (t) e , s t s

e , t s

−

− −

− −


 − < <
= + < <

− + >

2 1

15

1 1

1 1
1 15

2 2

1 1
15

4 2

0

0 0

0

:ا     ا آ  ت

  

     t s=15 .ا    ژ   

ا  ء            :ت

: ل ،        ء  ا :  ا    ژ

1- »    ژ  ا « »   ا  ژ  ا .«  

2- ا   ()    

3- »    ژ   « »      «  

4-7- 

.         ،لا  ا   

 ا   ا ا  ،  لا      ا       ، ت  .

  ع   .ا    

 .ا    ،  : ا  

: ا ا   ا      
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S

t

RC

i (t) (t)

ds(t)
h(t) e u(t)

dt C

−

= δ

= = 1        

 

  ا ا  :   

C

C

V ( )

V ( )
C

−

+

=

= 1

0 0

0
 

 ا  ()    ژ  ،  ا  
C

1
 .ا  ا 

4-8-       

 ا     ا  اا  ،لا  ا ا  ا  ا      

  ا ا  ا ع ا ا   . .ا   

6:    ا CV (t)   ا  ا:  ا  

(اR Ω=1 .    

 (R(t)
cos t

=
+

1

1 2
 .      

RاR        : ج)  Ri V= 2  

  C F=1  

  C oV ( ) V=0  

(RC sτ = = × =1 1 1

 

 

±

( )si t
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t
C o C C oV ( ) V , V ( ) V (t) V e−= ∞ = → =0 0  

:ا   ا    ( 

C

o

V t
C C C C

C R C V
C

dV V dV dV
i i C ( cos t)V ( cos t)

dt R dt V
+ = → + = → + + = → = − +∫ ∫1 2 1 2

0
0 0 0  

( t sin t )C
C o

o

V
Ln (t Sint) V (t) V e

V
− +→ = − + → = 22  

:ا  ا    (ج  

C

o

V t
C C C o

C R R C CV
C C o o

dV dV dV V
i i C V V dt t V (t)

dt dt V V V V t
+ = → + = → + = → − = → − = → =

+∫ ∫2 2

2

1 1

10
0 0 0
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     

1-  ،   دR       Cـ ،L C=ـد ـ

(.    

1 (/ Ω0 8  

2 (/ Ω0 6      

3 (/ Ω1 2  

4 (/ Ω1 5  

2- د ،   دt t= 0 2ژ ـ ـ  . t t= ـVـژ0

د؟

1 (Ln2 2  

2 (t Ln+0 2 2      

3 (Ln2  

4 (Ln7 2  

3-د  ،   دt += 0  ∝βد.  ـ     

 ژ  F1د  د  (ژ د؟    ،t −= 0(.  

1 (β = α +3
1

2
  

2 (β = α −3
1

2
      

3 (β = α− 3

2
  

4 (β = α + 3

2
  

 

 

R

V2 cos t2

 

CV

+

−

 

 

 

CV

+

−
1

 

 

CV
2

( )tβδ
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4-  د  ژ   ،   دK1دt = 0  ،    د.

K2    .Ci دt sec=1؟ آ 

1 ((e )− −2 1  

2 (e−2      

3 ((e )−2 1  

4 (e2  

  

5-د  ،   دt = 0 .دi(t)؟ 

1 (/ ti(t) / e= + 41 6 00  

2 (/ ti(t) / e−= + 2 560      

3 (/ ti(t) / e−= + 2 51 60  

4 (/ ti(t) / e= + 46 00  

6-    دSد  د    ت t = 0 .دi(t) ـ

t ≥ ؟0   

1 (t(t) e−− δ −4  

2 (
t

(t) e
−

− δ − 22      

3 (t(t) e−− δ −2  

4 (
t

(t) e
−

− δ − 24  

 

 

 

 

 

 V1
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7-،   دNـ      V i−ـ .ـ ـ دد آ

   −1ژ  ت  ، د؟   ژ  

1 (Ln sec
4

3
  

2 (Ln sec
3

2
  

3 (Ln sec2  

4 (Ln sec3  

8-S1S2        ژد .V  ـ2د د

؟     

1 (3  

2 (4      

3 (6  

4 (9  

9- ،   د  ژ   ت   20   ـ .ـ

        ت  ژ:آ ، 

1 (N  ا ا   F
5

2
 .ا  

2 (N  ا ا    R  .ا ا(R )≠ −2  

3 (N   ا   H10 .ا  

4 (1 2.  

  

  

 

  

    

 

V1 V5

V5 V V6 V10

 

( )
t

e u t
−

52
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10-د    ،   دR R Ri V V= +2 2 ـ  ـRVد.

؟  

1 (
t Lne + +5

2

1
  

2 (t Lne + −5

2

1
     

3 (
t Lne − −5

2

1
  

4 (t Lne − +5

2

1
   

11-د   t = 0 ض   د )د. )Ci t تـ   د 

: 

1 (( )
t

RCe u t
R

−
− 1

4
  

2 (( )
t

RCe u t
R

−
− 2

1

2
      

3 (( )
t

RCe u t
R

−
− 2

1

4
  

4  ا  (( )sV t .    ا  

12-    دSـ د ـ ت abـ د دد. ـt = 0ـ  ـ

acژ .( )V tt > 0:  

1 (
t

e
−

+5
3

5
  

2 (
t

e
−

+5
12 3

5 5
      

3 (
t

e
−

+5
3

2
5

  

4 (
t

e
−

+5
7 3

5 5
  

 

 
 

( )tδ

 

 

( )u t
R

1

V5

V+ −

+ −
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13-    ژ     د( )( )cV V− = 40    ـ ـ 

s si ,Vد  ،t −>0 دژ  ژ د؟

1 (s sV i= −2  

2 (s sV i+ >2 4      

3 (s sV i+ >2 12  

4 (s sV i+ =2 12  

14-   د( )Li t t ≥0 د    ؟آ

1 (( ) ( )t
Li t / e u t−= 7 5  

2 (( ) ( ) ( )t
Li t / e u t−= −2 5 1    

3 (( ) ( ) ( )t
Li t / e u t−= −7 5 5  

4 (( ) ( ) ( )t
Li t / / e u t−= −7 5 2 5             ( ) ( )SV t u t= +5 5  

  

( )u t
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15-    Nد ژ  .  ت ( )sV t،ـ ـ 

( )i tد؟  ت  

  

 

  

 

  

1(   

      2 (  

  

  

  

3(    4 (  

16-    ژ   د      ژ4  1 ـ

؟ ( )Ln /25 92; 0

1 (71/2  لژ .  

2 (04/1  لژ .      

3 (75/3  لژ . 

4 (04/1  لژ . 

  

  

  

  

tanα =1
tanα =1

 

 
V
+

−

tanα =1( )i t
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17-د د( )CV t(  ژ د ) ؟     د

1 (
( ) ( )C

C

dV t
V t

dt
+ =1

0
2

  

2 (
( ) ( )C

C

dV t
V t

dt
+ = 0     

3 (
( ) ( ) ( )C

C s

dV t
V t i t

dt
+ =1

2
  

4 (
( ) ( ) ( )C

C s

dV t
V t i t

dt
+ =  

18-    دSدt = 0  )د )oV +0) ؟  ژ  

(

1 (3  

2 (5/4      

3 (5  

4 (6  

19- ،   د( )oV t؟ 

1 (( )
( )
( )

t

o t

e e , t
V t

e e , t

− −

− −

 − >= 
− <

1

2 2

1

1

0

0
  

2 (( )
( )
( )

t

o t t

e e , t
V t

e e , t

− −

− −

 − < <= 
− < <

1

2

1 1

1 1 2

0
   

3 (( )
t

o
t

e
e , t

eV t
e

e , t
e

−

−

− < < −=  − − < < −

2

2

1
1

1

1
1 1 2

1

0

  

4 (( )
t

o
t

e
e , t

eV t
e

e , t
e

−
−

−

−
−

 −− < < −= 
− < < −

1

2

2

1
1 1

1

1
1 2

1

0
  

( )oV t

 Volt7

t
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20- ؟      

1 (2/1  

2 (2      

3 (4/2  

4 (5  

21-Sد        دt = 0 د ـ ـ    د.

t sec= ؟1 

1 (( )e−− 15 1  

2 (( )e−+ 15 1      

3 (( )e−− 15 1 2  

4 (( )e−+ 15 1 2  

22-د    دsI  د  2ژـ .   ژ د دABVد

 ؟

1 (( )
t

e u t
− 

− 
 

2
1

1
2

  

2 (( )
t

e u t
− 

− 
 

4
1

1
2

    

3 (( )
t

e u t
− 

− 
 

22 1  

4 (( )
t

e u t
− 

− 
 

42 1  

 

 Ω3
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23-S1دt = 0   شS2د د ژ 9 ژ .   د،

( )CV t    S2؟ ( )( )CV −= =0 0

1 (
t /

/ e
−−

+
2 2

36 1 8  

2 (
t /

/ e
−−

+
1 89

36 2 25      

3 (
t /

// e
−−

+
2 2

0 756 1 8  

4 (
t /

// e
−−

+
1 89

0 756 2 25  

24-R2د       t R C= 1ـ    د ژ ،ـ (ـژ ـ؟

(  

1 (
R

e−
1

1
  

2 (
R

e
1      

3 (eR1  

4 (( )e R− 11  

25-   دNـ  د  .        

ژ  د،  ( ) ( ) ( )tV t e u t−= − 41
1

2
 ـ        د.

F
3

2
   د  د د؟      د ژ ،

1 (( )te u t−  

2 (( )te u t−1

2
      

3 (( )
t

e u t
−

2  

4 (( )
t

e u t
−

2
1

2
  

 

Volt12

( )u t
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  

1-»1«.

 ا   آ   ا  ا       .ا ا  ا ا  :آ  

 

 

 

 

  

  

    ا     ا   ل ا  اa b     آ    Rا

:ا   .   

  

  

  

  

  

  

( ) t xV it t t x t
t t t t

t

V V V i V
KCL a : I I V R /

I
=−−= + + → = → = =2

5 0 2
1 1 1

 

: ا ا    ل ا  ا  

eqR R /= +0 2  

   ا  eqR Cτ =1    ا   
eq

L

R
τ =2   .اL C=       ا ،

:     

L C
eq eq eq

eq eq

L
R C R R

R R
=τ = τ → = → = → = Ω1 2

1
1  
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  اR : ا ا  

eqR R / R /= + = → = Ω0 2 1 0 8  

2-»2«.

 KCL    :ا ا   

  

 

 

 

  

( ) C
C

V V V V V
KCL : V V

− −+ + = → = −3
1 3

8 6 6
0  

 V CV   ،  ا اا    اV  ،CV   .   KCL    ا

2 :ا  

( ) CV VC C C
C

dV V V dV
KCL : V

dt dt
=−−+ = → + =31

2
2 8

0 0  

  اt =0 0 :ا ا  

( )
( ) ( ) ( )

t
C t

C C
C

V t Ke
K V t V t e

V t

−
−=

→ = = = → =
= =

2 2
0 2

0

 اt1    ( )CV t   : ،  

( ) ( ) t tC Ln
C

V t
V t e e t Ln− −=

= = → = → = → =1 1

1 1

1
1 2 1 2

2 2

0

3-»4«.

 ژ ا  ،      : ا ا   

( ) ( )

( ) ( )

C C

C C

V i t dt t dt
C

V i t dt t dt
C

+ +

− −

+ +

− −

= = −αδ = − α

= = βδ = β

∫ ∫

∫ ∫

1 1
1

2 2
2

1
2 2

1

0 0

0 0

0 0

0 0

 

 

  2d 1d
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 ا     ا   ژ  آ    :ا .  

C C
Ct

C V C V
V Volt

C C /

+ −α +β= = = →β = α +
+ +

1 21 2

1 2

3
1

5 1 20
 

4-»3«.

 t = 0  K1      ت  ا   :  

 

 

 

  

  
( ) ( )

( )

C
C

IC C C
C C C

dV
KCL : i i i C i I

dt
V dV dV

i V V V
dt dt

+ − = → + =

−= = − → + − = → − = −

1 2 0 0

1
1 1 0 1

1

:ا  ت   ژ ا       ا ا  

( ) t
CV t e= − +1  

  : ا ا  ا   

( )C t
C

dV t
i c e

dt
= = −  

   t −=1  آ ا( )Ci e− = − 11 .ا  

 t +=1  K2     ژ      . : ا  

( )CV e e+ = − = −11 1 1  

  ا   ا
1

2
 : ا ا ا  

( ) ( )CV
i e

+

= = −1

1
2 1

1

2

 

 

 
Ci

V1
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  ا     ا     ،ژ      ، ت  .     

   ا    ا .( )e −2 1   : ،  

( ) ( ) ( )C Ci i i e+ −− = − = −11 1 2 1

5-»1«.

ا ا ،ا ا  لا  ا    ا ا         ا ا     ا

 ا ا ا .آt = 0:ا  ،ا  لا  ، 

 

i iKCL : i i i

KVL : i i i i i i i
i i

 = −= + → = + = + → = −  =

1
1 2

2 1 1 2 2 1
2

1

2

2 3 2 3 3

2

   ( )KVL : i i i i / A= + = → = =2

5 8
4 0 1 6

2 5
 

:ا ا  ا    ا ا  

  

( )KVL : i i i i i A= + + = → ∞ =4 2 4 1  

   ا    ل ا     ا    ا  ا ا  آtI   ا

   ا   اا  . :  ،  

V4

V4
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    t
t

I
KVL : i i I i i+ + + = → = −2 0

4
 

   t
t t t eq

t

V
KVL : V I i I R

I
= − = → = = Ω5 5

4 4
 

:ا 

( ) ( )
t

/ t/
eqR C / s i t / e / e

− −τ = = × = → = − + = + 0 42 5
5

2 2 5 1 6 1 1 1 6
4

0  

6-»4«.

 اt <0 :ا  ت  ا  

  ا  .  لا   

  

C C

C C

V V Q C V C

V V Q C V C

= × = → = = × =
 = × = → = = × =

1 11 1

2 22 2

2 1 2 1 2 2

2 2 4 2 4 8

  t = 0     S :ا  

A2
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 q   ا  ا ،t = 0    C1 C2     ا  . ا  ژ   

 t = 0 :ا  

Q q Q q q q
q C

C C

− − − −+ = → + = → =2 1

2 1

8 2
0 0 4

2 1

  q C= 4   ل( ) ( )i t t= − δ4     .ا   1  4 .ا   

 اt > 0   ا    ا      : ا ا   

eq
eq eq

eq

R ||
R C sec

C F

= = Ω
→ τ = = × =

= + =

2
1 2 2

3 23
3

1 2 3

 

  ا»4 «.ا   

:   q   ل ،       ( )q tδ  .  

7-»2«.

   ،ا  لا  ا    :    ا آ ا   

  

C

dV dV
i i i i

dt dt
+ = → + = → = −0 0  

  ا ا   ، ا   ا ژ ،      ا       ژ ، 

 اا  ا ا     اا ا    ،ا  ا  .1- . ا ا  ژ

 ا ، ا ا  ا اV Volt= −1     ا  اا  :آ  

Ci
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A : i A

V V
B : i A

=
= − →  = −

1
1

3

  

  

  اB .ل ا   ا   

  ا ( )V, A− −1 3  ( )V, A−20    ژ ا  –    ت ا    ا  

:ا  

i V= −2  

:ا  

( )V t V
VV

dV dV dV
i V dt t Ln V ] Ln Ln t Ln sec

dt dt V

= =
=−=−

+ = + − = → = → = − − = − → =
−∫ ∫

0
0

1
1 0

3
2 0 2 3 2

2 2

8-»4«.

  ا  i1 i2     KVL آ  ا :ا    

  

( ) ( )

( ) ( )

t t

t t

KVL : i dt i i dt

KVL : i dt i i dt

− + + + + =

− + + + + =

∫ ∫

∫ ∫

1 1 20 0

2 1 20 0

1 1
1 1 6 5

4 2

1 1
2 5 6 10

3 2

 

  
t t

q i dt , q i dt= =∫ ∫2 2 1 10 0
 :ا  

q q q q q q

q
q q q q q

 + + = + =  = − → →   = + + = + =  

1 1 2 1 2
1

2
2 1 2 1 2

1 1 1 3 1
0 0

124 2 2 4 2

1 1 1 1 5 18
9 9

3 2 2 2 6

 

 ا اV :ا  

( ) ( ) ( )t
V V i i dt q q Volt= + + = + + = + =∫ 1 2 1 20

1 1
0 6 6 3 9

2 2
 

 

 
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:د   ا ا    ش

: ا ا     ، لا ا   

( ) ( ) ( ) ( ) ( ) ( )o o oQ q q q C V C V C V C= + + = + + = × + × + × = + + =1 2 3 1 1 2 2 3 30 0 0 4 1 2 6 3 5 4 12 15 31

 ع ، لا ا  :ا ت ا    

  ( ) ( )Q C V C V C V V V V V= + + = − + + − = −2 1 1 2 2 3 3 4 5 2 3 1 9 50 0  

:       

Q Q V V V Volt= → − = → = → =1 2 9 50 31 9 81 9  

9-»4«.

  

   ل ا N     ت       :آ  

  

                        eq NR R ||→ = = = Ω4 4 2  

  

   ت20 گ ا   گ  ،ا ا     ا   5.ا   

max secτ = 5  

   ا  .    لا  ا  ط ا  

 ا ا:   

 max eq max maxR C C Fτ = = → = 5
5

2
 

 max
max max

eq

L
L H

R
τ = = → =5 10  

 ،        ا N گ   ا    ا  ا   

         اا    1   اا ژ   5  



»132  «ار ا12و 
 
 
 

گ   ا ا   5  ا   ا 20 گ ا )     (ا   

  ا    ژ    . ا  ا   

 ا  »1 « »2 «.ا   

10-»2«.

:   ا   KCL   1 :ش

 

  
( )R

dV
i t

dt
+ = δ2

    

  

  

  ا   RV V=   اRi V V= +2 2 :ا   

  ( )dV
V V t

dt
+ + = δ22 2  

    ژ اا ،  اt +=0   آ ا   ا          

   ا ا ( )V +0 .ا  

ا        ا  ا ا ، ژ  ا−0  +0 :ا  الا  

( )

( ) ( )
{

( )

dV
dt V dt VdV t dt

dt

V V V

+ + + +

− − − −

+ − +

+ + = δ

 
 → − = → =
  

∫ ∫ ∫ ∫
0 0 0 0

2

0 0 0 0
2 2

1
2 1

2

14 2 43 14 2 43
0 0

0

0 0 0

 

 ا t > 0    ت   ا  :آ  

F2
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( ) ( )

( ) ( )
( ) ( ) ( )

( )
( )

( )

( )

t
V t V tt t

V

t

t t t Ln

dV
V V

dVdt dt dV dt
V V V V

V

V t V tV
LnV Ln V t] t Ln ] t Ln t e

V V t V t

e
V t

e e e

−

−

− +

 + + =  → = − → − = −  + +  =

∫→ − + = − = − → = − → = − → =   + + +

→ = = =
+ − −

0

2

0 10
2

5

2 2 0
1 1

2
1 2 2

0
2

5 5
2

2 2 2

2 2 2

5 5 1 1

د :  ژ       ا ش
C

1
  .  

   ( ) ( )C RV t V t=  : ا  

( ) ( )R CV t V t Volt
C

= = = = =1 1
0 0

2

 ا ا t = 0      ،»2 «  ط ا  .  

11-»3«.

    ( )    ،ژ  ا  ا  ا    آ   ا ا    ا

ا آ ا   (ال  )  ا         ا  sV   ،ژ 

  :آ  

  

   ت  ا ،      ا ا  :  
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 ا   RC  آ    اRC2  آ    ا( )u t
R

1

4
    ژ ا ،V 

             :آ  

( ) ( ) ( )
t t

RC RCV R e u t e u t
R

− −    = − − = − −        
2 2

1 1
2 1 1

4 2
 

: ا ا  ا   ا  

( ) ( ) ( )
t t

RC RC
C

dV C
i t C e u t e u t

dt RC R

− −    = = − − = − −        
2 2

1 1
1 1

2 2 4

12-»1«.

 ( )tδ   ،ا ا  ژ  ا        لا ا     ا   

   ا   t +=0 :آ    

  

( ) ( ) ( )Ci t t t+ −= = δ = − δ
+
2 2

0
3 2 5

 

    ژ ا اt +=0 :ا  

( ) ( ) ( )C C CV V i t dt dt
C

+ +

− −

+ −  = + = × + − δ = + ∫ ∫
0 0

0 0

1 2 2 8
0 0 5 1

2 3 5 5

 ا ا     ا t = 0.ا  لا    ،  

   

 

V

 
Ci
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   ژ ، ت t −=0    ت     ا    :  

( )CV Volt− = × =
+
2

0 5 2
2 3

    

  

13-»4«.

  ژ  ا ا . آ ا    ژ  ژ   ا ا1   ا    

   ژ ا ا4   ا . KCL    1 :ا  

  

s
s s s

V Volt

V
KCL : i V i

=
−− + + = → + =

1 4

44
0 2 12

1 2
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        اا  t = 0  ا ا ،   .ت ا   ا( )Li
+0    ا

   آ .    

         ا( ) ( )L Li i+ −=0 0  ا ا  ،t −=0   :  

  

  ا   ،( ) ا      t −=0    ا  ا( )( )Li
− =0 0   ا 

    ط»2 «  .  

V5

Si

V5
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      Ni    ا آ  اا  ،   .KCL     

:ا   

( ) ( ) ( ) ( ) ( ) ( )t

L N L L Ni t i t i t i V t dt i t
L

 = + = + +  ∫0

1
0  

 ا   ا  t = 0    ا     ژ ا( )Li =0 0   .اSV   ،ا ا

 ا t ≥0 ،( ) ( )LV t u t=    .NV  SV  ا  ا  t ≥0 ،NV V=1    ا

اا  ،  اNV V=1  ،Ni A=1  :ا .  

( ) ( ) ( )t
i t u t dt r t= + + = +∫0

0 1 1  

16-»4«.

      آ: اژ    ت

( ) ( ) ( )t t

CW V t .i t dt V t dt= =∫ ∫0 0

1

2
 

 آ ا ا ا     ژ ا4   ا ،1-     sτ = × =1
2 1

2
 :ا ا  

( ) ( )( ) t t
CV t e e− −= − − − = −4 1 1 5 1 

:ا آ    ت   ژ  ا  

( )CV Volt∞ = − × = −1
2 1

2
  

    

     ژ   ا  ا t1 :ا     

( ) t t Ln
CV t e e t Ln / / sec− −= − = → = → = =1 1

1 1

2
5 1 1 2 5 0 92

5
 

:ا  

( ) ( ) ( )t /t t t /

/

W e dt e dt e t ]

/ /
/ e / / / j

/

− − −

−

= − = − = − −

= − − + = − + − =

∫ ∫1 0 92
0 92
0

0 0

0 92

1 1 1
5 1 5 1 5

2 2 2

0 92 5 2 5
2 5 2 5 0 46 1 04

2 2 2 5
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  ا   04/1 .ا  ژل اژ  

17-»2«.

   ا( )Si t     ا   ( )  ا  ل   ،   ا

( )Si t   ا  ا  ا .ا آ ژ ا ا     ژ   ،RC    ت 

:ا   

( ) ( )C
C

dV t
V t

dt
+ =0      

  

18-»3«.

     S ،  لا    ا         ژ   7     

     q  ا م    ژ اا        لا  .KVL     ا

:ا ژ       

q q q q
KVL : q+ + = → = → =7

7 7 6
3 2 3 6

 

oV   tژ  +=0    ژ ع ا2  3 :  ،ا ا  

( )o

q q
V Volt+ = + = + =0 2 3 5

3 2

19-»4«.

 ا     V1ا   ا   ژ . ا أ   V1 V2    ا ژ

 ع :ا      

  

 

( )oV t
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( ) ( ) ( )
( ) ( ) ( ) ( )

t t t
o

t t
o

t V t V e Ve e

t V t V e V e

− − −

− − − −

≤ ≤ → = − + = + −

≤ ≤ → = − =

1 1

1 1
2 2

0 1 1 1 1

1 2 0
 

   ج    ا ا   t = 1 t = 2  : ا  

( )
( )

( )
o

o

e e
VV t V Ve e V e

V t V V e V e
V

e

− −

− −
−

− −

−

 −
 = = = → + − =  −→ 

= = → = −  = −

1 1

1 1
1 22 1 2

1 1
1 2 1

2 2

1
1 1

1

2 1

1

:ا ا ا  آ    ا   

( ) ( )

( ) ( )

t t t
o

t t
o

e e e
t : V t e e e

e e

e e
t : V t e e

e e

− − −
− − −

− −

−
− − −

− −

− −≤ ≤ = + − = −
− −

− −≤ ≤ = =
− −

1 1 1

2 2

1
1

2 2

1 1
0 1 1 1

1 1

1 1
1 2

1 1

:ا  

( )
t

o
t

e
e , t

eV t
e

e , t
e

−
−

−

−
−

 −− ≤ ≤ −=  − ≤ ≤ −

1

2

2

1
1 0 1

1

1
1 2

1
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 ل ا  آ   ا   لا ا     لا ا   ،      .ژ

:ا   

  

thR || /= = Ω4 6 2 4

: ا ا   ا  

thT R C / / / sec= = × =2 4 0 5 1 2  
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 ژ    ا  ا   ا  ،   ت ا  Volt× =2 5 10   

  ا     .t = 0       ،2   لا ا       .

     لا  ا      ،5   ا آ      ا    

 ژ ا10  ژ آ       ا .S : ا ا  

ti e−= +5 10  

  t = 1  ا آ اe−+ 15 10 .ا  

22-»4«.

    ا    ،ل ا    ا    .آsI          

  ا   ا    3   ا  :  .  

  

   S S S AB
AB S th

S

I I I V
KVL : V I R

I
= + × + = → = = Ω2 2 2

2 2 2
 

 ا   thT R C sec= = 4 .ا  

 ا   ا  ا RC    اSI : ،ا  

t tt

T
AB th SV R I e e e

− −−     
= − = × − = −              

4 41 2 1 1 2 1  

  

 Ω2
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23-»2«.

    ا   ژ ا ، ژ   S2       ژ آ  ا ا   ا  ا

   S2     ژ   S2  ا9 :ا     .ا   

  

   1  2 C C
C

V V
KCL : V / Volt

− − − −+ + = → =9 9 12 9 12
0 3 75

2 6 2
 

 اt t= 1     S2       ا  ا  ،e     ا    اCV / V= 3 75 

 .  

    ط 2«ا « اt / sec=1 1 89 .ا ا  

( )
t /

C t secV t t / e | / Volt
−−

== = − =
1 89

3
1 1896 2 25 3 75

24-»4«.

ا    اا ا ا.     ا   ا اt R C= 1           ژ ،

    ژ  ،  ا    ژt R C= 1  ا  ا     ، ا ا  ژ 

:  

( )CV t R C V∞= =1  

: ا ا    ا     ژ  

( ) ( ) ( ) ( ) ( )
t tt

R C R ceq
CV t V V e V V e R e

− −−
τ

   
   = − ∞ + ∞ = ∞ − = −        

1
10 1 1

 ا  ا V∞  : ا  

( ) R R
V R || R

R R∞ = × =
+
1 2

1 2

1 2

1  

V12

 

V12 V9
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 ا t R C= 1 :ا  

( ) ( ) ( )R R
V t R C R e R e R

R R
−= = − = → = −

+
1 1 2

1 2 1

1 2

1 1  

)  ا    ا  ط V∞   ا ت  )t R C> 1    ( )V ∞   ا t R C< 1 

 ت .  

25-»4«.

  ا ال، N     ت  م ا  ،    ا ا .      

 م        .ل اا  ا  ت    

 ،ا ا ( )V t     ا ا  ا   
1

2
        N       

    ا     ا  اΩ1

2
  ، :  

  

) ا ا   ژ  )V t  : ا  

eqR C sec C C Fτ = = → × = → =1 1 1 1

4 2 4 2

:ا  ت  م ا  

  

: ا ا   لا ا     ژ ا  

( )
( )

eq t

C

eq

RC sec

V t e
V Volt

C

−

+

  τ = = × + =    → =
 = =


2

1 3
1 2

2 2 1

1 1 2
0

2
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  :دوم  اري

 د    دا    ا  ...  ،ا      ا ا  د

  اد د     ا   .ددn    ا اد د ادا n   .ا

  . د  آ   اد د  ا د  ا  ا  

  د   د  ا      اد         ا  ،ت د 

  ،   اد   ( ا   ).ا د  ا  

  د دا اري  دم -5-1

    ت  د  ا    اد د داد  ا :د  

d y dy
y

dtdt
+ α +ω =

2
2

2
2 0    د   

:ا  ت  اد د ا  د  

S S+ α +ω =2 22 00  

 آ د α    ω0    .  

     اا  آ    اد د  ،د  ا  د  ا ،ا  ا 

.ا  ت  ا  

 آ ا دا   ا دا    ژ ا  اد د  ا    KCL KVL   د

. اد د  ،ا    

 ،) ا    ژ   اد    ا (          ت  ا

 :  
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= ×
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C
C

V V i .dt
C

dV
i C

dt

= +

=

∫
1

1 L
L

L o L

di
V L

dt

i I V .dt
L

=

= + ∫
1

 

 د  د  ا اد د ا   ا ا     ،آQ .ا  

5-1-1- Q

   ا   دQ  : ا  

Q = π×2  

ا .ا ا  د Q   د  ا   اژ د  د،     Q  ا

: ا  

Q
ω=
α2
0  

 ا   د  ا اد د   ،ت د ω0 α    ا    ،

 د   .آ  

 ا ،د  ص ا دRLC  ا  RLC            ا ا  د ا  ،ا

 .  

ا   ) اتا ا    ا.ا آ   اد د  (د   

5-1-2-اRLCي

:دا   ا    

  

S o

di
KVL : V Ri L V idt

dt C
= + + + ∫

1
 

  :دا ا   

ا ا 

 ا
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S SdV dVdi d i d i R di
R L i i

dt dt dt C dt L dt LC L dt
= + + → + + =

2 2

2 2

1 1 1

: ا ا آ  د   

R
S S

L LC
+ + =2 1

0 

 ا ا : ا  

R R

L L

LC LC

α = →α =

ω = →ω =2

2
2

1 1
0 0

 

:دا   ا  

LLCQ
R R C
L

ω= = =
α

1

1

2
0

5-1-3-اRLCيا

:دا   ا     

  

S
S o

S

dIV dV dV V d V
KCL : I I V.dt C C

R L dt dt R dt L dt

dId V dV
V

dt RC dt LC C dt

RC RC

LC LC

= + + + → = + +

→ + + =

α = →α =

ω = →ω =

∫
2

2

2

2

2

1 1

1 1 1

1 1
2

2

1 1
0 0

 

CLCQ R
L

RC

ω= = =
α

1

12
0

 
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رش -5-2   اعم اد  يار در  ي 

   ت  د  ا اد د   ،اد د   :د  

( ) ( ){ ( )
{h py t y t y t= +  

5-2-1-()  

 ا ، د      ا   د  ا اد د    د 

 دا .  

,S S S+ α +ω = → = −α ± α −ω2 2 2 2
1 22 00 0  

 ع   ا ا د  ا ت ، :  

1-  اα >ω0  دا     د ،( )∆ >0 :ا  ت       

( ) ( ) S t S t
hS ,S y t K e K e< → = +1 2

1 2 1 20  

 ا K1 K2  ا ا   ( )y 0 ( )y′ 0   .  

:ا  ت     

  

  ا ، ا (over damped)   .د  

2-  اα =ω0  دا     د ،( )∆ =0 :دا  ا   

( ) ( ) ( ) S t
hS S y t K K t e= < → = + 1

1 2 1 20  

 ا   ا دK1 K2  ا ا ا دا ( )y 0 ( )y′ 0   .  

:ا  ت     

  

 

( د ) 

   

(  ) 
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 ا ا ، ا (critically damped)  .  

3-  اα <ω0  دوج  دو ،( )∆ <0   م  وا  ا د .دا: 

, d

d

S j= −α ± ω

ω = ω −α

1 2

2 2
0

 

 dω   ا ت     .ا

:ا  ت      

( ) ( ) ( )t t
h d d dy t Ke cos t e A cos t Bsin t−α −α= ω + θ = ω + ω  

   ا دK  ا θ  ا A B  ا ا ا دا ( )y 0 ( )y′ 0   .  

:ا  ت   ا د     

  

  ا ا  ا(under damped)  .  

4-  اα =0   د  د ،:ت ا د .دا   

( ) ( ), hS j y t K cos t A cos t Bsin t= ± ω → = ω + θ = ω + ω1 2 0 0 0 0

 آ    ا د دا   ا  ،Loss less  :ا   ت    
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:  ا  ا  ت د dω      ا ا ت  ا  د  اω0 

 .  

:   ،ا د  ا ع د    ژ   آ ا .د  ا   

   ا      دQ  : ا  

 ا: Q < 1

2
 

ا ا: Q = 1

2
 

 ا: Q > 1

2
 

() ا: Q→∞  

 *

: ا ا د  ا  (د ا) د  ط  

1- α =0 .  

2- ω >2 00 .  

  ا   .د    د ا ط

:  ا دRLC  ا ا  د ا  ( )∆ =0       د   ت  ا  ،

 :آ  


L

RLC : R
C

= 2  
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ا
L

RLC : R
C

= 1

2
 

         كد ا .دا  

1:  ا اد د ،  ا اLi  ا  .R1     ا     ا

  .   

  

: ا ا   ژ د      

L
C L

di
V L R i

dt
= + 2  

 ا دا KCL :دا  

C C L L L
C L R L L L

dV V Rd i di diL
KCL : i i i C i CL CR i i

dt R dt dt R dt R
+ + = → + + = → + + − − =

−

2
2

1 22
1 1 1

0 0 0 

L L
L

W

Rd i diL
(R C ) ( ) i

R LC dt LC Rdt
α

→ + − + − =
2

2
22

1 1

2 2

1 1
1 0

1 4 2 4 3 1 4 2 4 3
0

 

 ا  :د  

L L
(R C ) R C R

LC R R R C
α = → − = → = → =2 2 1

1 1 2

1 1
0 0  

R R
( ) R R

LC R R
ω > → − > → − > → >2 2 2

1 2
1 1

1
0 1 0 1 00  

.ا  ط د    ، ااك

 د ا ا C F= 2  L H=1  R = Ω2 1 آ ،R = Ω1

1

2
   ط د  د (R R )= < =1 2

1
1

2
 

 ا ا ا    ا .   

. ا    ط د ا  
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2:  ا اد د ،  ا دLi      د    د Li (t) ا    د 

.آ  

  

  

L

C

i ( ) A

V ( ) V

=
= −

0 1

0 2  

  

     : ا  

x L x Lv i V i= − → = −2 3 6

  KCL :دا   د  

  

  
t

L
L C L

di
KVL : i V ( ) i dt

dt
+ + + = →∫0

1 1
2 0 7 0

4 4
    د : 

  

L L L L
L L

d i di d i di
i i

dt dt dt dt
+ + = → + + =

2 2

2 2

1 7
2 0 8 7 0

4 4 

 ا ا ا :دا  

Li ( ) =0 1

{ {
L L

L C L

di ( ) di ( )
t i ( ) V ( ) i (t)dt

dt dt
−

= → + + + = → =∫
0

0
2 2

0

0 01 1
0 2 0 0 7 0 0

4 41 4 4 2 4 43
 

 ا ا   Liد دا ا ( ) =0 1  Ldi ( )

dt
=0

0   .  

  :S S S , S+ + = → = − = −2
1 28 7 0 1 7  د  

.ا  ا  د ا   

t t
Li (t) k e k e− −= + 7

1 2

 
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 ا ا K1  K2 :دا  

L

L

i ( ) KK K
di ( )

K K
Kdt

= = + = → →  − − ==   = − 

1
1 2

1 2
2

7
0 1

1 6
0

7 0 10

6

 

: ا ا     

t t
Li (t) e e− −= − 77 1

6 6
 

      ، تا د   ا   ا           .     ا

 ا دا»ا ا « » ا ا«.د ا ا د  ،  

5-2-2-  ا ا  ا ا در 

 ط ا د ادا د  ا اد د ،y( )0  
dy( )

dt

0
  ا ط  ا  د .

Liت  ( )0 CV ( )0  داد         ط ا آ   ط د   د     ت  ،د

   .د  

 ا  د ا  ، د ا ص     ا Ldi
( )

dt
0  

( )CdV

dt

0
 .آ د  ا  

   ش   ا ا :  

1-  د ا   t −=0 ا      ا ا   Li ( )−0  CV ( )−0.  

2-    ا دا   : اL Li ( ) i ( )+ −=0 0 C CV ( ) V ( )+ −=0 0  

3-  د ا   t +=0 ا       Ci ( )+0  LV ( )+0  

4- : ا ا  ا    ا ا ا دا  

L Ldi ( ) V ( )

dt L L

+ +

= =0 0
 

C CdV ( ) i ( )

dt C C

+ +

= =0 0
 

5-  د    د  ا ا  ا ا ا دا   

  ا ،  د   ش   ا ا : ا  

 ژ ا 

 ا  
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 د ا t +=0  ا  .  

  

L L
L

di ( ) V ( )
KVL : V ( )

dt L

+ +

= − − ×− = → = =0 0
2 2 1 0 0 

 ، ا ا  ا ا ا دا   .د با ا د  ا  

     ا .دا  

3: ؟ا    ا ،  ا د  

  

L C

L

C

i ( ) V ( )

di ( )

dt

dV ( )
V

dt

+ +

+

+


 = =

 =



=

0 0 0

0
0

0
10

  

 د ا ا ، داد ا ا   t +=0   :  

Ci ( ) A+ = =10
0 5

2
     

 

C CdV ( ) i ( )
C / F

dt C

+ +

= → = =0 0 5
0 5

10
 

  

V10

( )Ci
+0
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4-  ،  ا دLdi
( )

dt
+0 .آ د  ا  

  

ti(t) e Cos t u(t)−= +10 10

 د ا ا ،ا ا د    t −=0   :  

  

Li ( ) A− =0 10  

CV ( )− =0 0 

 د ا ا اt +=0   :  

  

LV ( ) V+ = × =0 10 10 100  

Ci ( ) A+ =0 10  

:دا ا  د   

L Ldi ( ) V ( ) A

dt L S

+ +

= = =0 0 100
50

2
 

 

 ( )CV −0

 

  ( )Ci
+0

A20
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C CdV ( ) i ( ) V

dt C S

+ +

= = =0 0 10
1000

1

100

 

: ا     د اCV  Li    ا : ا  

 ا  د  د    ا   اCV  Li.   

 ا     ت د KCL  KVL  ا   ت   CV  Li  .ا 

 ،  ا ا ا ا 
dy

dt
   د CdV

dt
  Ldi

dt
 د   ا  آ     ا

   ا     د ا ا  ا ا  ا ا ا ا  .د  

 اري  دم -5-2-2  

.ا اد د ا  ت     ا د ا     

  .ا      ،د  ا   

 ا ا ا  د  ا د   ، ا د .  

   د .ا () دا   ( ا) ا   د     ا : ا  

h py(t) y (t) y (t)= +  

  دا  Pt t
: lim y(t) lim y (t)

→∞ →∞
=  

     ا د  ا ا  ص  ا .ا   دا     

DC .  

 ،ت د   ا ا ا  (y(   ا    اد د. ∞((

 ا ا RLC    ت    ،ا :د  

L L
L

L
L

d i di
i u(t)

dt RC dt LC LC
di ( )

i ( ) ,
dt


+ + =


 = =

2

2

1 1 1

0
0 0 0

 

: ا   (ا د  ا ض )    

t
Lh d d

LP L
t

i (t) e (ACos t Bsin t)

i (t) lim i (t)

−α

→∞

= ω + ω
= =1
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 ،  ا  :    ا ا  

dS(t)
h(t)

dt
=  
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  اري ي   ي مد   ي

1-ا ،  ا دi( ) A− =0 2V ( ) V− =1 0 3V ( ) V− =2 0 1،
di( )

dt

+0
ا؟ 

1 (− 5

4
  

2 (−11

2
      

3 (
11

12
  

4 (
5

4
  

2- ا د   ،  د Liي (t) ا ا  دي د؟دا ا 

1 اا  (R = Ω2  ا  .د ا ا  

2 اا  (R = Ω2 .د ا ا ا ا       

3 اا  (R = Ω4 .د ا  ا ا   

4 اا  (R > Ω4 .د ا  ا ا   

  

3-،  ا دSVژ  DCا د   د ژ   د .اSVد؟

(.ا   ا (ژ

1 (t LC= π  

2 (t LC= π2      

3 (
LC

t =
π

  

4. د ژ ا د   ژ د دا ا (  
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4- ا د اLi ( ) A− = 4
0

15
Li ( )−′′ =0 2،CV ( ا؟0−(   ا

1 (−4  

2 (
8

9
      

3 (4  

4 (8  

5-  ا دSe u( t)= − اي .ياt Dدد0≤ ت د؟ ا دي

)Kدt = 0 .(د

1 (π   

2 (
π
2

       

3 (
π
4

   

4 (
π2

3
   

6-   ي،  ا  ا    ،  ا د  اد د ا  ا

 ي ا  ا  ا      .دا ا   اiي ا

دي اي Se (t) u(t)=؟ا ا(C F , L H , R )= = = Ω2 1 3

1 (
t

ti ( e e )u(t)
−

−= − 22 2  

2 (
t

ti ( e e )u(t)
−−= − + 22 2    

3( 
t

ti ( e e )u(t)
−−= − + 26 6  

4 (
t

ti ( e e )u(t)
−−= − 26 6  
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7-   ا دSدt = 0  ا ا اي  د ا  د.د

Li (t)؟ا ا

1 (t( / / t)e u(t)−+ 5000 4 2 25  

2 (t( / / t)e u(t)−+ 2000 4 0 225    

3 (t( / t)e u(t)−+ 10000 4 225  

4 (t( / t)e u(t)−+ 5000 4 225  

8-  ا دoV ( )+0Ld i
( )

dt
+

2

2
ض0  ا  ا ژ   ا ) ا؟ 

(.

1 (1  8  

2 (1  /8 75      

3 (−1  −8  

4 (−1  −9  

9- د .ا د  ا د دي ت    ايt = 0     د.ا

V.ژ  ا

1 (
t

e
−

+24 6  

2 (te− +24 6     

3 (te− +28 2  

4 (
t

e
−

+28 2  

  

  

S
Fµ1

oV

oV10
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10-ا   ا دR دي اي   SV (t) (t)= δi(t)ا اR

ت  δ2(t)اي

3
؟د ا

1 (1  

2 (2      

3 (
1

2
  

4 (
1

3
  

11-S د  د   يt = 0 .دV(t)ايt > ا؟0 ا

1 (
t

e
−4

912  

2 (
t

e
−4

96      

3 (
t

e
−

−
4

912  

4 (
t

/ e
−

−
4

97 5  

12-  اد د  ا دV(t)Si (t)؟ا ا

1 (Sd id V dV
V

dtdt dt
+ + =

22

2 2
2  

2 (Sd id V dV
V

dtdt dt
+ + =

22

2 2
2 2 2    

3 (Sd id V dV
V

dtdt dt
+ + =

22

2 2
2 2  

4 (Sd id V dV
V

dt dt dt
+ + =

22

2 2
2  

 

( )V t

+

−V9

 

( )V t
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13-ا ا   ا دL(V ( ) , V ( ) , i ( ))1 20 0 0     ي  ا

دد؟ 

1 (( , , )−1 1 1  

2 (( , , )−1 0 1      

3 (( , , )−1 1 1  

4 (( , , )1 0 0  

اDدد-14   ا ؟دا ا  ا   ج  .ا آ

  ا ا ا).P (t)∆ ا  (t)δ(.ا ا  

1 (Li P (t).Sint= 1  

2 (Li P (t)Cost= 1      

3 (Li P (t).Sintπ= π  

4 (Li P (t).Costπ= π  

15- ا     ا د؟

1 (R R R R=1 3 2 4  

2 (
R CL

R R R
= 4

1 3 2

     

3 (R R R R=1 2 3 4  

4  ا ا ( ا .   

ض-16    دLi ( ) A− =0 1CV ( ) V− =0 ژ1 ،oV (t)ايt ا؟0≤ ا

1 (te−+1  

2 (te−− 21     

3 (t te e− −− 2  

4 (  

 

 
 
( ) ( )Si t t= δ

( )r t
( )oV t
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17-ا   ا د
di ( )

dt
1 0

 ا  ؟ا ا  ا ژ  

1 (V( ) i ( ) i ( )− +1 30 2 0 2 0  

2 (V( ) i ( ) i ( )− + −1 2

1
0 0 0

2
    

3 (V( ) i ( ) i ( )− +1 3

1 2 2
0 0 0

3 3 3
  

4 (V( ) i ( ) i ( ) i ( )− + −1 2 3

1
0 0 0 0

2
  

18-د    ا دt = 0 .ا  دا   ا آ ا   )د )V +
1 0

( )dV

dt

+
1 0

ا؟ا

1 (0  3  

2 (0  −3      

3 (3  3  

4 (3  −3  

 

19-     ا    ا   ا ا ااي  Lد. ،

Q /=1 د؟2 ا

1 (/ H0 5  

2 (H1      

3 (/ H1 2  

4 (/ H1 96  
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20-Kد  د   ت t = 0 .دE د      ي

 ژ ، د  د؟abاي اد

1 (4  

2 (12      

3 (16  

4 (24  
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  

1-1«ي«.ا

  

 د  t = 0 :دا   ا دا   

L Li i i ( ) i( ) A− −= → = = × =
+
1

0 3 0 3 2 6
1 2

 

 د  t +=0  ژ          .KVL :دا    د د  

LkVL : i V V (i i ) i (i ) i i A+ + + − = → + + + − = → = → =1 1 2 1 1 1 1 12 6 0 2 3 1 6 6 0 8 32 4  

 ا KVL  د :دا    

t L L
L L L

di ( ) di ( )
KVL : V (i i) (i i ) V

dt dt

+ + +
=+ − + − − = → + + − = → = −0

1 2

0 0 15
1 6 0 4 4 12 1 0

4
 

:ا  

L
L L

di ( )di( )
i i i i

dt dt

++

= → = → = = −01 0 1 5
3 1

3 3 4  

2-1«ي«ا.

 د .آ د  ا ا  د    د  ا     ،ا د ا   

     اu(t) :دا    ا ا   د  ا  

  

i2
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 KVL :دا ا   د د  

L L L LKVL :SI RI (I V )
S

+ + − =1
2 0  

 داد ا L LV SI= :دا ا  

LI (S R ) S (R )S
S

α

+ + − = → + − + =2

2

1
2 0 2 1 01 2 3  

 ا اR = Ω2  ،α =2 0  ا   .د ا ا  

3-3«ي«.ا

 د      ا دLC     ت    د آ      ،ا 

ACos( t )
LC

+ϕ1
 .ا  

ا   ژ د ا دا   د .(ا؟) ا t +=0       ا    ا  ،

 د  ژ ا  ،ا t +=0 :دا  

t
L L SV (t) ACos( t ) V ( ) ACos V

LC

+= += +ϕ → = ϕ =01
0  

  

 د t0  ا د   ژ د SV  ا  اKVL :دا ا د  

S

S L C L S

V

KVL : V V (t ) V (t ) V (t ) V A Cos( t )
LC

= + → = − = + ϕ
2

1
1 2 30 0 0 0  

:دا ا آ د  ا د ا دا   د  

S

S

A Cos V

Cos Cos( t ) t t LC
A Cos( t ) V LC KC

LC

ϕ =
 → ϕ = − +ϕ → = π→ = π +ϕ = −

1 1
1 0 0 0

0

 

4-2«ي«.ا

: ،      ژ 

 د 
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  C C oV ( ) V ( ) V+ −= =0 0 L Li ( ) i ( ) I A+ −= = = 4
0 0

15
0 

 KVL  ا     ا د دKVL :دا  

  

  

  

  

  

  

ا   د C C L C C L CKVL : i V (i i ) i ( i V )+ − − = → = −1
2 2 0 2

4
 

   د L
L L C

di
KVL : i (i i )

dt
+ + − =2 0 

د د ا :دا  د    

( )L
L C

di
i V

dt
+ + =1

2 0 1
2

 

   د    د ا C
C

dV
i

dt
= :دا ا  

CL L L L L L
C L C

dVd i di d i di d i di
i ( ( i V ))

dt dt dt dt dt dt dt
+ + = → + + = → + + − =

2 2 2

2 2 2

1 1 1 1
2 0 2 0 2 2 0

2 2 2 4
 

( )L L
L C

d i di
i V

dt dt
→ + + − =

2

2

1 1
2 0 2

4 8
 

   ا ( )1  ( )2  دt +=0 :دا  

t +=0   د ( )1  ا L
L C o o

di ( )
: i ( ) V ( ) I V

dt

+
+ += − − = − −0 1 1

2 0 0 2
2 2

 

t +=0   د ( )2  ا L L
L C

d i ( ) di ( )
: i ( ) V ( )

dtdt

+ +
+ ++ + − =

2

2

0 0 1 1
2 0 0 0

4 8

L
o o o o

d i ( )
( I V ) I V

dt

+
→ + − − + − =

2

2

0 1 1 1
2 2 0

2 4 8
 

CV
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 داد ا oI A= 4

15
  i ( )+′′ =0 2 :دا  

o o o C( V ) V V V ( ) Volt−+ − − + − = → = =8 1 1 1 8
2 2 0 0

15 2 15 8 9
 

5-2«ي«.ا

  ،ددا ا دا  د ا    ا        ا  د .ا  ا    ا 

t −=0 :دا  

  

C

L o

L

V ( )

i ( ) A I

i ( )

−

−

−

 =

 = =

 =

1

2

0 0

1
0

2

0 0
   

  

 ،   ا     آ ا  د ا            ت دا  

:دا  

 

L L
L

( ) ( )L i ( ) L i ( )
i( ) i ( ) A

L L

+ +
+ +

× + ×+
= = = =

+ +

1 21 2

1 2

1 1 3
00 0 12 2 20 0

1 3 8
2 2

 

 د اt +=0  ش ،د      ا  ا   دد : ،د  

D Li (t) i (t) i(t) ACos( t )= = = ω +θ  

rad
sLC

ω = = =
×

1 1
1

1
2

2

 

tL
L L

di (t)
V (t) L Sin(t ) V (t )

dt
== = − + θ → = = →θ =02 0 0 0 

V1

( )Li
−

1
0

Ω2
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اt0 :دا  دد  ش   

Di (t ) A Cos(t) Cos t t
π= = → = → =0 0
2

0 0 0  

6-3«ي«.ا

   ا ا   . دا  ا ا ا   ،ا  ا   

 ،ا    i(t)
1

3
    دا    دL H=1   ،ا  ژ ا    .د

:ت د   

iL
L

dd
V L

Ldt dt
L L L

di (t)di(t) di(t)
i (t) i(t) i(t) i (t) V (t)

dt dt dt

=
= → = → = → =1

3 3 3
3

 

 د  ،             د ،ا         ا 

  ژ   دu(t) V=1    د :دا  ،ا  

L

di( )
V ( )

dt

+
+= = × =0

3 0 3 1 3

  د      ،  3   ط ا د .  

7-4«ي«.ا

     د ا ا ، آ  ا   /0 4 : ،ا  

L Li ( ) i ( ) / A+ −= =0 0 0 4  

t(Kد  ا ا اب  ت  K t)e−α+1 2  αω0 .ا  

      د250  ا   ا    ا اRLC  ا  : ،د  

 

 

 

LC −
ω = = = →α = ω =

× 6

1 1
500 5

4 10
0 0 00  

   1  4 .ا د  
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 Ldi
( )

dt
+0  ا ا :  

L
L C C C

di ( )
V ( ) V ( ) V ( ) V ( )

dt L L L

+
+ + − −= = = =0 1 1 1 1

0 0 0 0
4

 دt −=0 : د ،ا  ا    ا   ددا ا دا  د ا  

L
C L

di ( )
V ( ) i ( ) / V

dt

+
− −= = × = → = =0 100

0 250 0 250 0 4 100 25
4

 

   ا  1  4 د ،  د  د 4 ،Ldi ( )

dt

+

>0
0 .ا  

8-4«ي«.ا

 د  t = 0     ،ا  ا    ا u(t) =1  ا   ا    د

:دا  

C

L

o

V ( )

i ( )

V ( ) t

+

+

+

 =
 =


= × = υ 0

0 0

0 0

0 1 1 1 1

 

 

  

  

 ا      ا : ا  

tL L L
o L

di (t) di ( ) di ( )
V (t) i (t)

dt dt dt

+ + +
== + → = + → =0 0 0 1

4 2 1 0 2
2

 

 ا KVL :دا   د  

L
L L L o

di
i (i u(t)) (i V )dt

dt

+
+ + − + − =∫24 2 2 10 0

  : د ا   

L L
L o

di d i
(t) i V

dt dt
+ −δ + − =

2

2
5 2 2 20 0 

 ا  t +=0 :دا  

oV10
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L Ld i ( ) d i ( ) /
( ) ( ) /

dt dt

+ +

× + − × = → = =
2 2

2

0 01 17 5
5 2 20 1 0 8 75

2 2

9-1«ي«.ا

:ا ش

   دا   ا  ت ا     د  ا ت   ا :دا  د .آ  

C

C

i(t ) A

V ( ) t

V ( ) t

+ − = = = +
= υ

 = υ


1

2

0

0

20 30 10
0 2

10 10

0 10 1

0 20 1

  

 

  

  

 دt +=0      ا ا   ا  دKVL :دا آ د  

 

 

  Ci(t) i (t)= −
1

 

  

  

  

t t

d
t dt

KVL : i(t) ( i(t)dt) ( i(t)dt)

di(t)
i(t) i(t)dt i(t)

dt

+ + − + + − + =

→ + = → + =

∫ ∫

∫

0 0

0

10 10 20 4 10 0

10 5 20 2 0

  

   د i(t ) A= =0 2 د    ا   :  

t tdi(t)
i(t)

i(t) Ke edt
i(t ) A

− − + = → = =
 = =

2 2

1
0

22

0 2

 

V30

V20
V10

V10
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 ا اCV(t) V (t)=
1

 :دا  

tt t t
t t

C C C CV (t) V ( ) i (t)dt e dt ( e ) V (t) e
− − −

= + = − = − − → = +



∫ ∫1 1 1 1
2 2 2

0 0

0

0 10 2 10 4 6 4

د   :ش

  دا ا  ا ،   ا ا   ا     : د ،  

eq
eq eq

eq

C F
R C sec

R

 ×
= = → τ = = × = +


 = Ω

1
1

14
11 5 10 21 54

10

:دا  ا ا ا دا   

C

C C
C

dV( )
i ( )

dt

(V ( ) V ( )) ( ) dV( )
i ( ) A

dt

+
+

+ + +
+

=

− + − += = = − → = −

1

1 2

1

0
0

10 0 0 10 10 20 0
0 2 2

10 10

 

د ط  اsecτ = 2  
dV( )

dt

+
= −0

2  د   1   .  

10-3«ي«.ا

   د ا  ا ا    اا :دا  د . 

  

(t)
i(t) (t) R R

R

δ= = δ → + = → =
+

2 3 1
1

1 3 2 2
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11-4«ي«.ا

 د ا ا ،ا ا دآ د  اt −=0   :  

  

 

 

 

 

 

i A , i A , i A= = = × = =
+ +1 2

9 6
3 3 2 1

2 1 3 6
 

  ( )
Li H i ( ) A

− −= = =21 10 0  ( )
Li H i ( ) A

− −= = =13 20 0  

    ا S ،         .ا ا  ا     ت     ا ،

:دا ا      

  

 

L i ( ) L i ( ) ( ( )) ( )
I( )

L L

− −
+ + × − + ×= = = −

+ +
1 1 2 2

1 2

0 0 3 2 1 1 5
0

3 1 4

V( ) I( ) / Volt+ += = − × = −5
0 6 0 6 7 5

4

 د  4   .  

12-3«ي«.ا

  KVL  د 1d 2d :دا  

  V V=2  

 

 

 

V
V
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S

t

d
KVL( ) : V (V V ) i (t)

dt
d

KVL( ) : V (V V ) V dt
dt

+ − =

+ − + =∫

1 1 2

2 2 1 2
0

1

2 0

 

:دا د د ا  ا 

t t
S SV V V dt i (t) V i (t) V V dt+ + = → = − −∫ ∫1 2 2 1 2 20 0

 

 داد ا V1 ا د آ د  :دا د   

t t t
S

S

dV dV di (t) dVd
V (i (t) V V dt) V dt V V V dt

dt dt dt dt dt
+ − − − + = → + − + + + =∫ ∫ ∫2 2 2

2 2 2 2 2 2 2
0 0 0

0 0

   ا ا ا :دا ا  

Sd V dV d i (t)
V

dt dt dt
+ + =

2 2
2 2

22
2 2  

13-1«ي«.ا

 ا  د      ا اLdV dV di

dt dt dt
= = =1 2 0      ا  V1 ،

V2  Li    . KCL  KVL :دا  

  

L L
dV

KCLC( ) : V i i V
dt

= + = → = −2
1 11 0

  د L Ldi di
: V V V V V V

dt dt
= + → = − = → =1 2 1 2 1 20  

   1    ا د  ا .  

14-3«ي«.ا

   ا  ژ ا اا   د ا
C

1
       ا  ژ  ،د.  

V1
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 اt > 0         دد ، ا ا     ژ ا  د   .د

 اKVL :دا ا ا د  

  

d
Ldt

L C L

d i (t)
KVL: V V i (t)

dt
+ = → + =

2

2
0 0  

ت   د  ابLi (t) ASint BCost= + :دا ا ا ا دا   ا 

LL

LL
CC

i (t) Sinti ( ) A
di (t)di V (t) Cost( ) V ( ) V B dtdt

−

− −

 == =  → →   = == =  = 

0 0 1

0 0 1 0
 

    ا Sint  د ،t< < π0    ا  ا  د اد  ا tπ < < π2 ،

    دد ا  ا .ا : ا     د

L

Sint t
i (t)

t

< < π
=  π < < π

0

0 2

  

[ ]Li (t) Sint u(t) u(t ) P (t)Sintπ= − − π = π

15-1«ي«.ا

  ژ  داد ا  ا   ا د اا اا دtV  د  :آ  

 



ار ا1173«  2و« 

 

 

  

t o
t t o t

V V
I V V R I

R

−
= → − = 3

3  

 KVL  د د1d :دا  

tV V V+ −= =  

t t o t t t
t t ab

t

V V V V R I R R V R R
KCL( ) : V I R

R R R R R I R

− −+ = → + = → = → = = −3 1 3 1 3

1 2 1 2 2 2

0
1 0 0

:دا ا ا ا  د  

  

     ا  ا اR4  ا
R R

R
1 3

2

      ا   ا   LC    . 

:ا  

R R
R R R R R

R
= → =1 3

4 1 3 2 4

2

16-2«ي«.ا

 ا د  د ا ا      ا .ا   ا           ا ا 

 اRC  دt ≥0 :دا   

ab
R R

R
R

= − 1 3

2
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t
C

C

RC sec
V (t) e

V ( ) V

−

−

τ = = × = → =
 =

1 2

1 1
1

2 2

0 1

 

     r(t) : ،ا   

L
L

di d
V L r(t) u(t)

dt dt
= = =  

   دKVL :دا د  

t
o C LKVL : V (t) V (t) V (t) e u(t)−= − + = − +2  

 اt ≥0 :دا ا  

t
oV (t) e−= − 21  

17-3«ي«.ا

       اi i= −1 2    د ،KVL :دا   د  

 

 

 

 

 

 

 

di di

dt dt

t

di di di
KVL : (i i ) V i i V

dt dt dt
di ( )

V( ) i ( ) i ( )
dt

=−

=

+ − − − = → + − − =

→ = − +

2 1

1 2 1
1 3 1 3

0 1
1 3

2 2 0 3 2 2

0 1 2 2
0 0 0

3 3 3

0
 

  

i2
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18-4«ي«.ا

 ا دا  د ا  t −=0  t +=0 :دا  

  C

L

V ( )

i ( )

−

−

 =


=

0 0

0 0
  

  

  

  V ( ) V+→ = × =1 0 1 3 3  

 

 

 KCL  د د 1d :دا  

  

  

  

  

  

d
Ldt

L

t L
L

dV (t) di (t)
KCL( ) : V (t) i (t)

dt dt

dV ( ) dV ( )di ( )
V ( ) V ( )

dt dt dt

+ + ++
= + +

+ = → + =

→ = − = − = − → = −

1
1

0 1 1
1

1 3 0

0 00
0 0 3

19-4«ي«.ا

       ا ا  اRLC :دا آ ا  ا   

Li ( )−0

t += 0

V ( )+
1 0
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R L
, Q

L R CLC

ωα ω = ⇒ = =
α

1 1
2

2
0

0  

.آ د  ا     د ا د  ا    

 ا ا آ      ا ا    A  دا     ا ا آ      

 B       : ،  

  

  

  

  

  

  

:دا د آ    ا د  

ABV ( )= + + × = + +1 1 1 1 1 1
1

3 6 12 3 6 12

  آ    ا د :دا  

ABV ( )= + + × = + +1 1 1 1 1 1
1

12 6 3 12 6 3

 ا دا :دا آ   

ABV ( )= + +1 1 1
2

3 6 12
 

: د  

eq ABR V ( )= = + + = Ω1 1 1 7
2

3 6 12 6
 

 ا اQ :دا  

L
Q / L / H

R C
= → = → =1 6 4

1 2 1 96
7 1
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20-4«ي«.ا

  ا  ،ا  د  ا ژ ا  د   د ، دا      د  

آ      ا  د  ا ا ا  ا .ا  د     ا ا ا  

 ، L Li i= −
1 2

        ا    .     

:دا  ،ا  دا   ا    ا   

  

  L Li i i= − → =
1 2

0  

  

  

L

L L L

KVL : Ri

KVL : E Ri Ri Ri E t

=

= − = = × → = υ
1

1 2 1 0

12

2 2 12 24 1
 

V12
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  : ن ا    يا  يn 

  LTI آ                د د   د  n 

  ،      .           د    د     

  د د  ،   n      .آ  

6-1-    ي   (LTI)يn

د     د:  د  ع   ت

n n m

n mn n m
d y d y dy d W

a ... a a y b ... b W
dtdt dt dt

−
− −+ + + + = + +

1

1 11 0 0  

 آ د W   دy .   

 ،د د  n     .   ط        د     تد  

t = 0 آ .د  

6-1-1-  دي  

          د د   ، د  دآ     د د  د  

 دآ   ،   ع  د   د      د  ح   

   د  ،د    د  د   د .   د  ، د 

.د   

    د  ) آ  د   n          ،    ،(

  )    (n )−1(  د .  

   ع،  د       .  
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1:  د د ،   دCV
2

 .آ  آ    د     

C C LV ( ) V ( ) i ( )= = =
1 2

0 0 0 1 

  

  

  

  

 KCL  د د 1d 2d :د  

tC
S

dVV
KCL( ) : I (V V )dt i (t)

dt
+ + + − =∫11

1 20

5
1

1 8
0  

tCdVV
KCL( ) : I (V V )dt

dt
+ − + − =∫22

2 10

5
2 0

1 8
0  

 د  :        

C C
S S

dV dV dV dV
V V i (t) V V i (t)

dt dt dt dt
+ + + = → + + + =1 2 1 2

1 2 1 2

       KCL  2دd :د  

dV d V
(V V )

dt dt
+ + − =

2
2 2

2 12

5
0

8
 

 د       آ V1  
dV

dt
1 :د  

S

S

S

dV dV
V i (t) V

dt dt d V d V dV
V i (t)

dtdV d V dV dV dt dt(V i (t) V )
dt dt dtdt

 + = − − → + + + =
 + + − − − − =

1 2
1 2 3 2

2 2 2
22 3 2

2 2 2 1
2 22

9 5 5
2

4 4 85
0

8

 

:    د  

S S S+ + + =3 2 9 5
2 0

4 4
 

د     د 3 ، :   آ  

,S , S j= − = − ±1 2 3
1

1
2

 

R

( )Si t
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    V (t)2 :     ت

t
tV (t) Ke e (A Cost BSint)

−−= + +2
2  

   K ،A  B    ط  V (t)2 .  

: د  ح       

CV ( ) V ( ) V= =
2 20 0 1  

:آ        د  ط د  

 دآ  
dV ( )

dt
2 0

 د ،  KCL  2دd ،t = 0   .د  

dV ( ) dV ( ) dV ( )
V ( ) I (......)dt

dt dt dt
+ − + = → + − + = → =∫

02 2 2
2 0

0 0 05
0 0 1 1 0 0 0

81 4 2 4 3
0

0

 

  
d V ( )

dt

2
2

2

0
 د ،  KCL  2دd ،t = 0   .د  

dV ( ) d V ( ) d V ( ) d V ( )
(V ( ) V ( )) ( )

dt dt dt dt
+ + − =→ + + − = → =

2 2 2
2 2 2 2

2 12 2 2

0 0 0 05 5
0 0 0 1 1 0 0

8 8
 

:د آ         

V ( ) K A
K

dV ( )
K A B A

dt
B

d V ( ) K A B
dt

  =  + = =  = → − − + = → =  
   =  − − == 

2

2

2
2
2

0 1 1
1

0 1
0 0 0

2
1

30 00 4

 

:  ت      

t
tV (t) e e Sint

−−= + 2
2  

   ،      د      ت د           .

 ،       د  د     ،      دآ  

   ،   .د    د    د      د د − −2 2 5   د

 .  
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   ،  د 
dV ( )

dt
2 0

:  

 د  t +=0        .  

  

  

  

  

C CKCL : I ( ) I ( )+ += + → =
2 2

1 1 0 0 0

CI ( )dV ( )

dt C

++
= =22

00
0  

         آ     د t = 0   آ  ،د  .د  

    د  ،   آ   دد      د     ،  د

  ،   A1       ع  ،   .  

  ،   د ،ت د                    

  آ        ،  .  

6-1-2-     

. د    د ، دآ     د     د  

      .د       د     د    

X(t) h(t) y(t) X(S) H(S) Y(S)→ → → →  

 h(t)     H(S)     .  

   د      د    د   د  د  د.د  

  د   د ع  د دد:

1-     د    .دي

  ،  ع  د    ،    آ    د    د   

V1
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     د  د    ط   د   د   د  د  

   د (    )  د .د  

  ع   د  .     

2: .آ     ، دد   د     

t t tx(t) e .u(t) h(t) y(t) (e e ).u(t)− − −= → → = −2 2
 

آ        د      د  2 :           

    t t t: e u(t) (t) h(t) ( e e )u(t)− − −− +δ → → − +2 22 2

2  د   t t t: e u(t) h(t) (e e )u(t)− − −→ → −2 22 2  

   د  :
t(t) h(t) e u(t)−δ → →  

     :آ  

th(t) e u(t)−=  

3: .     ،  د  

t

x(t) Cost.u(t)

y(t) e .u(t)−

=


=
 

    د   :  

tCost.u(t) h(t) e .u(t)−→ →

tSint .u(t) (t) h(t) e .u(t) (t)−− + δ → → − + δ  

   د  :  

tCost.u(t) (t) h(t) e .u(t) (t) (t)−′ ′− + δ → → −δ + δ  

  :د      

t(t) h(t) e .u(t) (t) (t)−′ ′δ → → −δ + δ2  

   د   آ    :  

t(t) h(t) e u(t) (t) u(t)−δ → → − + δ −2  
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 :     د         

( ) ( ) ( ) ( )th t e u t t−= − − + δ2 1  

2-    د     .دي

 د    ، ة د  ع  د :  

( ) ( ) ( )

( ) ( ) ( )

t

t

y t x .h t d x *h

y t h .x t d h *x

−∞

−∞

= τ − τ τ =

= τ − τ τ =

∫
∫

 

 ،  د  ( )y t  د   .آ  

6-2-   

     ، د     د ج   τ     ( )x τ  ( )h τ  

        ( )x −τ  ( )h −τ          دد   .د t  

      ( )x t − τ  ( )h t − τ   د .               ،  

  ( ) ( )h .x tτ − τ  ( ) ( )x .h tτ − τ  د    د        آ   آ

  آ  ) .(  

    ذ            ،     د     

.  

  .     

4: ج      ( )x t   د( )h t   ، ( )y t .آ د    

  

د     د  ،د ج  د ( )x t − τ  د   :آ  
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)   د  ج  )x t − τ  ( )h τ  د :د     

) t≤ <1 0 1 

  

: د ،     ج  د   د  

( )y t

) t

=

≤ <

0

2 1 2

  

 د      دt   ،1  t : د ،د    

( ) ( ) ( )t t ty t x t h d d ] t= − τ τ τ = × τ = τ = −∫ ∫ 1
1 1

1 1 1

. د د          

) t≤ <3 2 3

  

)د      ج  )x t −τ  ( )h t .دد   

( )h τ  
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   ،ت د t /= 2 01  t /= 2 99              .د د    د

)د    ج  )x t − τ :د   

( )y t

) t

=

≤ <

1

4 3 4

  

)د  ،   ج  )x t − τ  ج ( )h τ  ج .د  

: د د          

( ) ( ) ( )a t t y t t t

) t

= − − + = − → = − × = −

≥

3 1 4 4 1 4

5 4

)د  ،   ج  )x t − τ  ج  ( )h τ   : .        

( )y t =0 

:  ت    ، د  

( )

; t

t ; t

y t ; t

t ; t

; t

≤ <
 − ≤ <= ≤ <
 − ≤ <

≥

0 0 1

1 1 2

1 2 3

4 3 4

0 4

  

 

  



»186  «ار ا12و 
 
 
 
 

5: ج       ،   د ( )y t .آ د    

  

( )h τ   د     ( )x t −τ  د   :آ  

  

 د :د       

) t≤ <1 0 1 

  

   د      :ج

( )
( )
{

( )

h

x t

t t t t
y t

τ

−τ

  × = × = × =  ×

2

2 22 2 2 2
1 4 4 4 44 2 4 4 4 4 43

 

) t≤ <2 1 2

  

t
 
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( )
( )
{

( )
( )
{

( )

h h

x t x t

t t t
y t

τ τ

−τ −τ

      
      − −      = × + − ×      
                  

1 1
2 22 2 2

1 4 4 4 4 4 2 4 4 4 4 43 1 4 4 4 44 2 4 4 4 4 43

 

  

( ) ( )tt t t t t
y t

) t

−+ − − − −   → = × × − × × = −      

≤ <

2
11 1 1 1 2 1

2 2
2 2 2 2 2 2

3 2 3

 

  

( ) t t t
y t

 −   − −    = × + − ×            
1 1 2

2 1 2
2 2 2

 

( )( ) ( )t t t t
t t t

) t

 − − − + −    = + × − × × = + − − −        

≤ <

1 3 1 2 1 1
2 1 2 1 3 2 3

2 2 2 2 2

4 3 4

 

   

1  

  

t−3  1  

t −1

  
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( ) ( )t tt t t
y t

) t

−− − −   = − × = − + × =      

≥

42 2 4
2 1 2 1

2 2 2 2

5 4

 

  

( )y t =0 

 د     د         ، ت      .

   ت د ت  .د  

( ) ( ) ( )y t x h t d
+∞
−∞

= τ − τ τ∫0 0

6:  ت         ( ) ( ) ( )h t r t u t= −2 2    آ    .

 دt s=10 .آ د   

  د( ) ( )r t u t−2 2     ج   ( )u t                 .

t =10       :د .د  

t−4

  
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( ) t sy t | =
+= =1

4 2
3

20
 

ص  *

    ( )x t  ( )h t        ،(  )       ت 

  د ،( )x t         د د  آ  ،            

 د   ، .آ  

:  د    ،    د   

7: .آ د    ،   د     

  

  ،  ت   x h  ض    د  ت       :  

  

  ( )tδ  آ  ، د  ( )h t .   
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 د ( )t− δ −2 1  ،( )h t  2د-                .د

:  

  

:   د   ،   د  

  

6-3- 

     ،  د   .ج    ،               

          t         د  ع ج  د  ،آ د     .د

    د .  

8: ج   د   د   ،  د؟د    
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 د  ( )x t د ،     دt = 0  ع :د  

  

      5    ،د        .د :     

t≤ <0 5  

: :      

    ( )x t ( )h t≤  ≤   ( )x t ( )h t  

9: .آ د      

  

+ ≤1 0    t≤ +∞ → ≤4 1  
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 ي    يا   ي  

1- د د  يLTI        د ) ـ

؟ د  ( 

1  د (  د    ،  .د     

2  د ( د ،     د    د د .  

3  د (  ،.          

4 (   

2-.        ،  د  دد 80  دـ

N       ژ   30د.   ؟5د 

1 (
3

2
     

2 (
9

4
       

3     د (Ω5 . ژ     دد       

4     د (Ω5     N . ژ  ة       دد

دي-3 ــ  ــ  ــ  ــ   ــ  ــ  ــ  ــ  ــ  ــ ( )i t1ــ  ــ 

( ) ( )

t

t

Sint e , t
V t

e , t

−

− −π

 − < < π= 
> π

1

0
دي ـ ـ ـ ـ   .( ) ( )i t cos tu t=2د

t
π= 3

2
؟ 

1 (e
π−

− 22 2 (e
π−

−
3

2      

3 (e
π− 

− + 
 

3

21 4 (e e
π π− −

− −
3

2 2  
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4-          ( ) ( )th t e u t−=ـ ـ .ـ 

د  دي    t s= ؟3 

1 (e e− −− −1 33  

2 (e e− −− −1 33 2     

3 (e e− −− −1 32 2 3  

4 (e e− −− −1 33 2 3  

5- N         DCي    

 ع    . ي  ؟ي   آ ي

1 (i V= α +α1 2  α1 α2     N

2 (V k i k= +1 2  k1 k2     N  

3 (aV Bi C+ + = 0  a b c     N  

4.      (  

6-        ( ) ( ) ( )h t r t u t= −2 2ـ ـ .

د   t sec= ؟1 

1 (4  2 (3  3 (5/2  4 (1  

7-ـ دد. ـ ـ  د       ( ) ( )sV t t= δـ ،ـ

( )oi
؟0+ 

1 (A
1

3
  

2 (A
1

4
     

3 (A
1

6
  

4 (A
1

8
  

 

 

( )oi t
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  

1-4«ي«.

 »1 «    . د   د   د       دLC  

  ( )C oV V=0  ( )Li =0 0       ژ  آ د       د ،

)ت  )C oV t CV cos t= ω0   
LC

ω = 1
0    د   د       

 .  

 »2 «  د    دLC    د 
LC

ω = 1
         ، د د

        . د  

 »3 «         د  ع     دK    د 

   ،K   .د  

2-4«ي«.

  د        N ،    د  Ω5        د  

:  د   

  

      Ω5 :د  

t

t th th th th th

P V hi i

P V i V V R R
Ω −= = = × =

+ +

2
5 5 5 5 5

5 5
 

       د 5              thR)    

N  دد  (thV .د  د    
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3-1«ي«.

 د ( )i t1    ت :د  

( ) ( ) ( ) ( )i t sin tu t sin t u t= − − π −π1  

    t< < π0 2 د ،( )i t2   ت  ( ) ( )i t i t− − π1 1 :  د  

( ) ( ) ( )d
i t i t i t

dt
= − − π  2 1 1

 د   دد    ( )i t1 :د آ    د   د    

( ) ( ) ( )d
V t V t V t

dt
= − −π  2 1 1  

   t
π= 3

2
  :   

( ) ( ) ( ) ( )( )
( ) ( ) ( )

t t

t t

t t

t

d
V t e sin t e

dt

e cos t e e

− −π − −π
π π= =

π−− −π − −π
π=

 = − −π −  

 = − − −π − = −  

2 3 3

2 2

2
3

2

2

 

4-2«ي«.

:    ت   دد د  

( ) ( ) ( ) ( )x t u t u t u t= + − − −2 2 4

 ت    ( ) ( )th t e u t−=   ،           .  دد

:      

( ) ( ) ( ) ( )t t t t tS t e u t dt e ] e u t− − −= = − = −∫ 100
 

 د      ،آ    د  ( )x t :    

( ) ( ) ( ) ( )( ) ( ) ( )( ) ( )t tty t e u t e u t e u t− − − −−= − + − − − − −2 4
2 1 1 2 1 4  

  د   t sec= 3 :    

( ) ( ) ( )y t e e e e− − − −= = − + − − = − −3 1 1 33 2 1 1 3 20  
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5-3«ي«.

      دi    د    i        .د V 

  د      V  د  .د aV bi c+ + =0     د     

 N .د     د     

6-2«ي«.

:  ت    ج   

  

 د آ       ، t =1      د    : ،  

( ) ts t =
+ = × =  1

2 4
1 3

2
 

7-3«ي«.

  د  د   t +=0 ،            .   ت  

   :د  

  

: د  

( ) ( ) ( )
o

t
V t t

δ
= δ =

+
1

1 2 3
 

:د    

( ) ( ) ( ) ( ) ( )o
o o o

di t
V t i V t dt t dt A

dt

+ +

− −

+= → = = δ =∫ ∫
1

1 1 1
2 0

2 6 614 2 43

0 0

0 0
 

1
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 :  دا  در  و   

دد     د    دي     . د     دDC  دي

 دي  د       AC      دي   ،د   .

.   

  ـ د   ، د            ـ ـ د .ـ ـ ـ   ي

.ع د     

7-1-     اا  

  دZ    د د دZ a jb= +  دد    دa    ـ ـ  ( )Re Z  

b     ( )Im Z  .  

  د دZ   jZ r re ϕ= ϕ =R  دد    دr     ع    ϕ  

  د    .  

  د Z :      د  د  

  

د  :        ي د  

د  : a r cos ,b r sin= ϕ = ϕ  

  د
b

: r a b , tg
a

−  = + ϕ =   
2 2 1  

7-1-1- د ي  ت

:     د     
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د  د ( ) ( ): Z Z a a j b b± = ± + ±1 2 1 2 1 2  

  د j jZ Z re r eϕ ϕ± = ±1 2

1 2 1 2

       ،  : 

د  د

( ) ( ) ( ) ( )
( ) ( )

Z Z a jb a jb a a b b j a b a b

: a a b b j a b a bZ a jb a jb

Z a jb a jb a b

 × = + × + = − + +


− + −+ − = × = + − −

1 2 1 1 2 2 1 2 1 2 1 2 2 1

1 2 1 2 2 1 1 21 1 1 2 2
2 2

2 2 2 2 2 2 2

 

  د

( ) ( ) ( ) ( )

( )

( ) ( )nn n n

Z Z r r r r

Z r r
:

Z r r

Z r r n r cos n jsin n

 × = ϕ × ϕ = × ϕ + ϕ
 ϕ = = ϕ −ϕ ϕ
 = ϕ = ϕ = ϕ+ ϕ

1 2 1 1 2 2 1 2 1 2

1 1 1 1
1 2

2 2 2 2

R R R

R
R

R

R R

 

  د      د    ،  د  د    ،د.   

  د Z   د جدZ     جد .*Z    .د  

*Z a jb Z Z a jb

Z r Z r

= + → = = −
= ϕ→ = −ϕR R

د د      ج جد د  ، ي :د  

a jb a b
j

a jb a jb a jb a b a b

− −= × = +
+ + − + +2 2 2 2

1 1
 

د د        ي:   ي 

ja a , ja a ,a a , a a

j
j

= − = − = − =

= −

90 90 180

1

o o oR R R R0

 

7-1-2-

  ، د     د :د       ي  

( ) ( )x t Acos t= ω +ϕ  

           :  

1-   دA  
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2-   ω  

3-    ϕ  

  ،  ـ ـω    د ي د   دي  ،د   . ω   ،ـ

  ژ       يω   ـ  ي  .( )x t     ـ ،ـ ـ د

       د :  

jX A Ae A cos jA sinϕ= ϕ = = ϕ+ ϕR  

        .     . 

   ،   ژ  ،ژ  ، د     د  .  

:   ،ـ د     د، د       ـ    ـ ـ  

   د .د       

( ) ( ) ( ) ( )x t A sin t A cos t X A= ω +ϕ = ω +ϕ− → = ϕ−90 90o oR  

7-2-   د 

    ، د  د    ي      ـ ـ ـ  ـ    

.د       د   

    د      د       .د  

7-2-1- د  د  

    د  د  د     ـ ـ د   .د     

 :د  

: *  د  ع     ـ د     يـ       ـ ـ ،(ـ ـ ) ـ

.     

د، د ي    ،دي   inω     ـ ـ  ي دـد    ،inω 

.  

 :        د د ،  
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( )
n n

n inn n
d y d y dy

a ... a a y Acos t
dtdt dt

−
− −+ + + + = ω + ϕ

1

1 11 0  

:          

( ) ( )i

n
s t

i in
i

y t k e Bcos t
=

= + ω +ϕ∑
1

1 4 4 4 44 2 4 4 4 4 43
1 4 4 44 2 4 4 4 43

 

  

 د       ،       د     صـ د ـ ـ

 د   ي   .  

   ـ د ـ   .د     د   ، د     د ،د  

  دي دي       يDC  د   د د  ي  .د ي

  DC     .ي       ،دي

:     .د   د   ،   د :   

1-   دي    ـ         د  د ي    ـ دـ

.   

2-          د ي( )j± ω0 .  

:       د  

( ) ( ) ( )iny t A cos t Bcos t= ω + θ + ω + ϕ
1 4 4 4 4 2 4 4 4 4 3 1 4 4 4 44 2 4 4 4 4 430  

  

    د    د   د  ω0     ـ ـinω    .ـ دي ـ

( )inω ≠ ω0  

1: . د    ژ د ي    ،     ،   د  

( ) ( )
( )

( )

S

C

L

V t cos tu t

V V

i A

=

=

=

2

0 1

0 2

 

( دي )    
(  )    

( دي )    

  دي       
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 KVL :د  د د  

S C
di

KVL : V Ri L V
dt

= + +  

    دi :ي

C CdV dV
i C

dt dt
= =  

: د  

C C C C C C
S C C s C S

dV d V d V dV d V dV
V R L V V V V V

dt dt dtdt dt dt
= + + → + + = → + + =

2 2 2

2 2 2

1 3
3 2 2

2 2
 

:د  ()   ي ، د     

( ) t t
ch

S S S ,

V t K e K e− −

+ + = → = − −

= +

2

2
1 2

3 2 0 1 2
 

:  ي   

( ) ( )

( )
( ) ( )

( )
( ) ( )

S S

S j
C S S

C cp

V t cos tu t V

S S V V V
S S j j

jj /j

V / / V t / cos t /

= ω

ω=

= → =

+ + = → = →
+ + ω + ω +

= = → =
− +−ω + ω+ − + ω

→ = − → = −

2
2 2

2

2 2

2 1

2 0 2 0
3 2 2

3 2 3 2

2 0 2 0 2 0 2 0

2 63 2 40 108 42 5 3

0 316 108 4 0 316 2 108 4

o

o o

R

R R

R R R R

R

R

0

 

  :    

( ) ( )t t
CV t K e K e / cos t /− −= + + −2

1 2 0 316 2 108 4o

:      
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( ) ( )
( ) ( ) ( ) ( )

( )

C

C C
L C

V V K K / cos / K K / (I)

dV dV
i A i C

dt dt

K K / sin / K K / (II)

= → + + − = → + =

= → = = =

→− − − − = → + = −

1 2 1 2

1 2 1 2

0 1 0 316 108 4 1 0 1

0 0
0 2 0 2

2 0 632 108 4 2 2 1 4

o

o

 
  I K / ,K /⇒ = = −1 21 6 1 5  II  

  ( )CV t :    

( ) ( )t t
CV t / e / e / cos t /− −= − + −21 6 1 5 0 316 2 108 4o  

7-2-2-د 

     د   :  

 Z : ،       ژ د    

V
Z

I
=  

د Y : ، ژ             ي

I
Y

V
=  

          د    ،   ي ي :  

      

  

j Cω
1

  j Lω  R   ( )Z Ω  

j Cω  
j Lω

1
  

R

1
   د( )Y J  

  

  ،   ژ  ي  :     
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  ،د         ،   ي ي )  د (    

   ي KCL KVL   ي   د د   د د    د. د

.   ،ي     

  :   

 د  د    د ω  ژ  ،     ـ ـ ـ  ω    ـ

          ي  .      د ـ ـ يـ ،ـد   .د

ـي ـ ـي     د    ـد  ش          ،  د

      ،(...  ،)  .د  

 د    .  ي   ي    د  

 د  ،    :دد  د  .   

| V | | Z | | I |
V Z I

V Z I

| I | | y | | V |
I Y V

I Y V

| y |
| Z |Y

Z
Y Z

= ×
= × → = +

= ×
= × → = +

 == →
 = −

1
1

R R R

R R R

R R

 

   

 

 

 

 

 
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   د د   دي  دي   : .  

 ( ) ( ) ( ) ( )V
: Z j R jX | Z |

I
Ω Ω Ωω = = + = ϕR  

 

د ( ) ( ) ( ) ( )I
: y j G jB | y |

V
ω = = + = θJ J J R  

  

:  د   

Z V I ,ϕ = = − θ = −ϕR R R  

ي-7-2-3  ي 

1-:

  

R R
R R

R R

| V | R | I |
V R I

V I

=
= × → =R R

.   ،  ،  ژ   

:      د   ژ د  

  

 : د   ژ ي د  

  

  

 
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2-

C C
C C C

C C

| V | | I |
CV I j I

j C C
V I

 = ω= × = − × →ω ω  = −

1
1 1

90oR R

CX
C

=
ω
1

   ي    ،   ژ   د .90o   ، CI  

 CV ) .  CV CI  .(   

:      د    ژ د  

  

: د   ژ ي د   

  

3-

  

  

L L
L L

L L

V L | I |
V j L I

V I

 = ω= ω × → 
= + 90oR R

 

LX L= ω   ي    ،   ژ   د .90o   ، LI   
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LV  ) . LV  LI  .(   

:     د   د   ژ د  

  

: د   ژ ي د   

  

 ϕ    ،  د   ي  ي          ي:  

Z V Iϕ = = −R R R

Z R= Y G= →ϕ = →0   

Z jX= Y j
X

= − →ϕ = →1
90o    

Z jX= − Y j
X

= →ϕ = − →1
90o    

Z R jX= + Y G jB= − → < ϕ < →0 90o    

Z R jX= − Y G jB= + →− < ϕ < →90 0o     

:  دZ
Y

= 1
  :  

  X
B

= 1
 R

G
= 1

 

      يZ Y :     

G B
Z R , X

G؛ B G B

−= ⇒ = =
+ +2 2 2 2

1
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7-2-4- د   د 

  ـ د       ي  ً  د  د  ،      ـ

  ،  ژ ي يKCL KVL   .  

    *

       )  د   (  د     ،   ـ ـ    ـ

: ،  

   ي eq i
i

: Z Z= ∑  

   ي eq i
i

: Y y= ∑ 1 

*دي د  

  ي ،  دي د       ، يtV tI  د   

 د         ژ  (  د )    : .  

( )

( )

t
in

t

t
in

t

V
Z j

I

I
Y j

V

ω =

ω =
 

      ـ ً ـ ـ  ( د  د )   د  د  د  

     ً  ω  .دي 

 د  *– د  د 

  د  د :   

  

I
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:  د    

  

oc eq scE Z I= ×  

      ـ ـ يـ ـ ،ـ د  د      د  د د  ي

      . ي  

 د د  ي  ي د ً ًeqR           ـ يـ ـ ـ  د ،د

eqZ       د د  ي      دد     ي ي د

  .  

:    د د       ـ ـ د      د ،    ـ  ـ

 د        د        .  

      .د  

2: . د    دي ي   

  

:د  د  د  

Y4 Y5 Y6

) 
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eqZ Z
Y

z
Y

z
Y

= +
+

+
+

+

1

4

2

5

3
6

1

1

1
1

1

 

  

:د   د  

eq eq
eq

j
Z , Z j

j j

j j
Y Z

Z Z j j j Y

+ ω= + = = + ω
ω ω

ω + ω= + = + = = → = =
+ ω + ω + ω

1 2

1 2

1 1
1 1

1 1 1 1 1
1 1

1 1 1

 eqZ   ي      ω ،ي دي Ω1   .   ي ، 

   .  

  

 KCL :د  د د  

 

) 

 ج(
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  KVL :  د د  

( ) ( ) ( )L L eq L

V
KVL : V Z I Z I Z Z

I
= × −α = −α → = = −α1 1 1  

 αي  = 2 :د  

eq LZ Zα = → = −2  

        .  

3:   ژ    دoV   پ) . د   .(   

 

 

 

 

 

 sE cos t= 3  

  

   د   ( )ω =1 :د ( د    د)  

  

xV
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( )

( ) ( )

( ) ( )

x o o o

x
o x o o o o o

o o

KVL : V jV V j V

V
KCL : jV j V V jV V jV j jV

V j V t / cos t / cos t / sin t
j

= + = +
− + + − = → + − + + =

→ = = − → = − = − =

1

3
0 3 0

1

3 3
1 5 1 5 90 1 5

2 2
o

 

4:   ،   د( )i t . د   

  

      ( )ω =1 :د  

  

 Iي  ي , I2 1 :د  

( )

KCL : I I I

V V
I jA , I jA

/ / j j
j j

= +

= = = = = = −
+ +

1 2

1 2
1 0 1 0

1
1 1 10 5 0 5 1

2

R R
 

د  :  

( )I j j A i t cos t= + − = → =1 1

د  د ش  ::د  دي   
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( ) ( ) ( ) ( )

( ) ( )( ) ( )

in
j / j / / j /

Z / j / j / j /
j / j / / j /

j / j / j / j

// /

− + += + = − + = ×
− +

− + − − +
= = = Ω

+

2 2

2 2

0 5 0 51 0 5 0 5
0 5 0 5 0 5 0 5

0 5 0 5 0 5 0 5

0 5 0 5 0 5 1 1 2
1

0 50 5 0 5

P P

 

:  

( )
in

V
I i t cos t

Z
= = = → =1 0

1 0
1

R
R  

5:   1د. د  د د       ،  

 :د      ( )ω = 2  

  

KVL : / j I
j

 = + + 
 

1
1 0 1 5

2
R  

:د    

( )

( ) ( ) ( )

C C
C C

C

C C

V V
I jV / / j jV

Z
j

V / / V t / cos t /
j / / j j

= = = → = + × →

= = = − → = −
+ − +

2 1 0 1 5 0 5 2
1

2

1 0 1 0
0 316 108 4 0 316 2 108 4

2 1 5 0 5 1 3
o o

R

R R
R

 

6:  ي ،   دRI ،CI LI .  ي د  

  

 د د د         :د   
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eq

S
S

eq

Y j j j

I
V V

Y j

= + − = −

= = =
−

1 4 1 3

1 0 1
71

1 3 10

o

J

R
R

 

  ي  :د   

( )
( )

R s

C s

L s

I V A

I jV A

I jV A

= × =

= = + =

= − = − = −

1
1 71

10

1 1
71 90 161

10 10

4 4
4 71 90 19

10 10

o

o o o

o o o

R

R R

R R

 د:    ي  

  

   ـ ـد ،ـ د   ( ) د  ، KCLـد ـ ـ     د د ي   ، ع

Rع  C LI I I+ +  SI =1 0R       ي   .  

  

7-3-  

 ي  ژ د     د     د   ـ ،ـ       ـ ـ ـ ـ

1R0
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    ـد ـ ـ ـ    د   .         ـ) ـ ـ  ـ (

 .  

  د      ،د  : ،    د    

( )Im Z =0  ( )Im Y =0  

( )Im Z =0      ( )Im y  ،   .ـي ـي    0=    

 دRLC :ي د  ي  

- RLC ي  

  

( )

Z R j L R j L
j C C

Im z L
C LC

 = + ω + = + ω − ω ω 

= ω − = →ω =
ω

1 1

1 1
0 0

 

- RLC ي  

  

( )

Y G j C G j C
j L L

Im Y C
L LC

 = + ω + = + ω − ω ω 

= →ω − = →ω =
ω

1 1

1 1
0 0 0

 

7: .     ،   د  

j Lω
1
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:د        

  

Z R j L

Z R
j C

= + ω

= +
ω

1 1

2 2
1

eq
j C

Y
Z Z R j L R j L j CRR

j C

ω= + = + = +
+ ω + ω + ω+

ω
1 2 1 1 2

2

1 1 1 1 1

1 1

 د د  )ي )Im Y     ،              :  

( )

( ) ( )( ) ( )

eq
L C

Im Y
R L C R

L C
R C L C L C LR

R L C R

L R C
L C C LR L R C LC L CR L R C .

LC L R C

−ω ω= + =
+ω +ω

→ = → +ω = +ω →
+ω +ω

−
ω − = − → ω − = − → ω =

−

2 2 2 2 2 2
1 2

2 2 2 2 2 2
1 22 2 2 2 2 2

1 2

2
2 2 2 2 2 2 2 2 1

2 1 2 1 2
2

0
1

1

1
0

  ،   دR R= =1 2 0    ،
LC

ω = 1
0       ـ ـ ـ ـ ـ  

RLC  ي   . :   

: .   ي د ،   ي  ي ي  
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 د   ، يR     ي دN .  

8:   ،   د. د     

  

 ،  ي دR3 R4   N  ي       ـ ـ ـ ي دـ ـ ،ـ ي N 

:        . (    )  

L R C
.

LC L R C

−
ω =

−

2
1
2
2

1
0  

د  ،  يR3 R4    ي دZ  Y        ـ ـ ـ ،ـ ـ ـ

  د   .   

: :       

-     ژ .    - .     

-  .  د    - .     

-   ( )cosϕ .   - .  ،  

- .  (ي)    -         .  
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9:  ،   دLZ j= +1  ،       .  ـ .  ژ  C 

   د ؟

  

:د   د  

  

( )in inY jC Im Y C
j

= + → = −
+
1 1

1 2
 

  ژ  →  ( )inIm Y C C F→ = → − = → =1 1
0 0

2 2
 

:   ،  دLC      ،يLC    ،ي :د   .  

  

  

  

7-4-  ااا    

 د      ،  د د   د   .  

  د د  ي  ي   ،ω  ـ       ـ ي( )R Re Z= ( )X Im z= 

1R0
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.    د        

   ي ًω د ... ي د  ي   ،     د ـد ـ يـ .ـ  ـ 

      د .  

  ي     RLC :ي د  

 
Z R j L

C
 = + ω − ω 

1

    

 

( )

( )

R Re Z

X Im z L
C

=

= = ω −
ω
1  

      دω    ، :    

  

 د    دZ   ـ ي     دد دω    ـ ـ صـ      ـ ـ ـ د .ـ

LC

 ω =  
1

0 ،Z .   

  د  ي RLC :د  ي  

G B

R X
Y j

Z R jX R X R X

−= = = +
+ + +2 2 2 2

1 1

14 2 43 14 2 43
 

     د( )G   ( )B   د  دω    ي  ،ω:  

G
G B

RR X
+ = =

+
2 2

2 2

1
 

:د        
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G G
G B G B

R R R R

G B
R R

   + − = → − + + = →      

   − + =      

2 2
2 2 2 2

2 2
2

1 1
0

2 2

1 1

2 2

 

د د     ي,
R

 
  

1
0

2
 ع  

R

1

2
 .  

  

:     ،  ص د     د   ـ ـ  د د  ω =0 ،

ω→ ∞ ω = ω0  .د     د    

7-5-    

       ،  دي يد   د: د  

  

( ) ( )
( )

Y j
H j

X j

ω
ω =

ω

    د  ( )ω :    دي، د   

( ) ( ) ( )
( ) ( ) ( )

| Y j | | H j | | X j |

Y j H j X j

ω = ω × ω

ω = ω + ωR R R

    ( )| H j |ω     :  ي  

1-    ( )LPF  

  

Y(j )ω

Cω
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2-   ( )HPF  

  

3-    ( )BPF  

  

4-    ( )BSF  

  

  د د  دي     ()    ي  د  د   ي د

 .د  

 ي ،   ( )B.W.   ـ  ،د   ( )cω  ـ     د  ـ ـ .ـ

   ي د   ( )| H j |ω  ( )max | H j |ω1

2
   ـد  ، ي د د  ي  .

  ( )H jω   د د  ( )| H j |ω د   ،،    :د  

( ) ( )| H j | max | H j |ω = ω1

2

 

Cω

Lω Hω

Lω Hω
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10: .     ي   ع ،   د  

  

   د      د         ـ  ـ ـ       ـ

   .دد    .     

 د   ي( )ω→∞ ،          ـ ـ دـ  ـ  ـ (ـ ـ)     ـ .ـد

       ي    ،د .   

     د  د  د:ي 

( ) ( )o

i

V R R
H j | H j |

V R j L R L
= ω = → ω =

+ ω +ω2 2 2
 

 ( )| H j |ω  دω =0  خ : د  

( )

( ) ( ) C

max | H j |

R R
| H j | max | H j |

LR L

ω =

ω = ω → = × →ω =
+ω2 2 2

1

1 1
1

2 2

 

:    ي  

R
B.W. ,

L
 =   
0

:     ،  ي   ـ    ي .     ـ ،دـ ـ   يـ

  د        :  
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 د     يω = 0 ω→ ∞       د   ـ ،    ـ ـ ـ

   د .د  

:   ـ ـ  ،      ي دC RC
ω = 1

     ـ  ـ يـ د 

    ،  C
R

L
ω = .  

11: .    ي    ، ع ،  ي د  

 

)             C
R R

B.W. ,
L L

 −ω = − =   
0  

 

 

)          C B.W. ,
RC RC

 −ω = − =   
1 1

0
 

 

        (ج C
R R

B.W. ,
L L

 −ω = − = ∞  

 

         (د C B.W. ,
RC RC

 −ω = − = ∞  
1 1

 

:  د  ي      ـ     ،  د .  

( )ω0   ي     α2  د) . ω0 α2         ـ ـ ـد ـد ـ  

  د د.)

  ي  ي د   RLC :ي ي 

-  RLC :ي  

R
, B.W.

LLC
ω = = α =1

20  
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-  RLC :ي  

, B.W.
RCLC

ω = = α =1 1
20  

:     ،د  ي د( )Hω     ( )Lω  د     :  

H

L

ω = ω +α
ω = ω −α

0

0

  ي  ي د ًRLC :ي ي 

ْي
L

H

R

LLC
RLC :

R

LLC

ω = −

ω = +


1

2

1

2

  

ي
L

H

RCLC
RLC :

RCLC

ω = −

ω = +


1 1

2

1 1

2

:  ،     Q :        

H L

f
Q

f

ω ω= = =
∆ω ω −ω ∆
0 0 0

12:    ،   د( ) o

S

V
H j

I
ω = .    ي   د   

  

 KCL  د د  ي1  2:د  

B.W.
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( ) ( )

( ) ( )

s

o

KCL : j V V V I
j

KCL : V j V V V
j

V V

 ω + − =
ω


 + ω + − =
 ω

=

1 1 2

2 2 2 1

2

3 1
1

42
3

1 1
2 0

42
3

   

: د د د     

( ) ( ) ( )
( )

( ) ( )

o

S

V
H j

I j

| H j |

ω = =
− ω + ω −ω

ω = =
+ω− ω +ω −ω

2 2

2 2 6
2 2 2

1

1 2 2

1 1

11 2 2

 

: ع    ي

( )
( )

| H j |

| H j |

ω = → ω = →
ω→∞⇒ ω =

0 1

0
                   

:د   ي ي   

( )

( )

max | H j |

rad
C B.W. ,

s

ω =

= × →ω = → =
+ω6

1

1 1
1 1 01

21

:    ي د ω1  ω2  د ،  :    ي 

R R

L L

C C


 =
 ω = ω
 ω=

ω

2 1

1
2 1

2

1
2 1

2
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   ي  ،  د ً( ),0 1  ( ), 60 10 : ،د   

R :

C : F / F

C : F / F

L : H / H

Ω→ Ω

→ × = µ

→ × = µ

→ × = µ

1 6

2 6

6

1 1

3 3 1
1 5

2 2 10

1 1 1
0 5

2 2 10

4 4 1
1 33

3 3 10

 

:  يK    :     

new old

new old

new old

R K R

L K L

C C
K


 = ×


= ×

 = ×


1

7-6-  ا   ا 

       د:  ژ د    ي

( ) ( ) ( )P t V t .i t=  

   ژ     د  د:   

( ) ( )
( ) ( )

m

m

V t V cos t

i t I cos t

= ω +ϕ

= ω
 

:د   

( ) ( ) ( ) ( )m m m mP t V I cos t cos t V I cos cos t= ω +ϕ ω = ϕ+ ω +ϕ  
1

2
2

 )   DC:    (  

av m mP V I cos= ϕ1

2

      د  د  د  ي :     

1- .   ژ   ي، د     

2-    ي .    ،   

3-    دcosϕ ≥0 د  )  − ≤ ϕ ≤90 90o o    ـ ـ ـ .     ،(
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  .       

   ي  ذ     ( )Re z ≥0  − ≤ ϕ ≤90 90o o .  

  *( )cosϕ

 cosϕ    ً   .ϕ .   ژ    

V Iϕ = −R R  

 ي  :      ،ي  ي  

1-  :  cosϕ = ←ϕ =1 0  

2- :  د cosϕ = ←ϕ =1 0  

3-   : cosϕ = ←ϕ = +0 90o  

4- :  cosϕ = ←ϕ = −0 90o  

5-  –  :cos< ϕ < ← ≤ϕ <0 1 0 90o  

6-   –  :cos< ϕ < ←− ≤ ϕ <0 1 90 0o  

7-  :    cos< ϕ ≤ ←− ≤ ϕ≤ +0 1 90 90o o  

  *

  ، د     د        د        ـ ـ ـ .ـ

 د            :  

*
m mS V I= 1

2
 

 *
mI   جدmI .  

   ي     :د  

m m m m m mS V I V I cos j V I sin= ϕ = ϕ+ ϕ1 1 1

2 2 2
R  

   د    د  m mV I
1

2
   ϕ .  

   Z     S  يد           ϕ .  
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   دmV mI     ـ  ژـ ـ د   د      ژ  د  

eV eI   ،د 
1

2
   : .د  

e eS V I= ϕR

     ي:د   

m m m mS V I cos j V I sin p jQ= ϕ+ ϕ = +1 1

2 2

 ،  د P   ( )avP           ( )w   .د  

Q          ي ( )VAR      ـ ـ   .د

  ( )VA   .دد  

ي  *

 ي      .  

 ي m m e e| S | V I V I= = =1

2
 

7-6-1- 

   د  د  د د          د   :د   

  

    :   

| S | P Q

Q
tg

P
P | S | cos

Q | S | sin

−

= +

ϕ =

= ϕ
= ϕ

2 2

1
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 
P P

cos
| S | P Q

= ϕ = =
+2 2

 

    ي د  Q < 0  ي د Q >0  ي  د   avP ≥0 

 .  

:     :د   .  ،  

  

Z S= = ϕR R  

:    ـ  ـ ـ   د    ، د   ي       دـ ،دـ ـ ـ يـ

  يP Q :د  

1-  

  

( )

( )

av S m e

S m e

P P R | I | RI RI w

Q X | I | XI XI VAR

= = = =

= = =

2 2 2

2 2 2

1 1

2 2

1 1

2 2

 

2-  

( )

( )

av S m e

S m e

P P G | V | GV GV w

Q B | V | BV BV VAR

= = = =

− −= = = −

2 2 2

2 2 2

1 1

2 2

1 1

2 2

 

د  P Q.    يد   ،  
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7-6-2-آ    

    ي     . ي

  د    :    ي   

1- .  دي    

2- .   د  د   

13: .      ،  ،   د  

  

 ):    د   ش )ω =1 :د  

  

( )

( )*

I j , I j j
j j

KCL : I I I j j j

S VI j j

= = = = − = −
− +

= + = + − = +

= = × × − = −

1 2

1 2

100 0 100 0
100 50 1 50 50

1

100 50 50 50 50

1 1
100 50 50 2500 2500

2 2

R R

 

: د   

P W ,Q VAR ,| S | VA= = − =2500 2500 2500 2

د   :       د:ش

  

1 R00 0
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Y j j G ,B
j

= + = + → = =
+
1 1 1 1 1

1 2 2 2 2
 

:د   

( )

( )

( ) ( )

S

S

P G | V | W

Q B | V | VAR

| S | VA

= = × × =

− −= = × × = −

= + − =

22

22

2 2

1 1 1
100 2500

2 2 2

1 1 1
100 2500

2 2 2

2500 2500 2500 2

P 

14:    ،   10د     ،130     500       د .ـد

  ( )Z jω ؟   

  

د       ي    د ،ي :د د  

e
e

e

e

P
P RI R

I

V
| Z |

I

| Z | R X X | Z | R

= → = = = Ω

= = = Ω

= + → = − = − = Ω

2
2 2

2 2 2 2 2 2

50
5

10

130
13

10

13 5 12

 

: د   

Z R jX j= ± = ±5 12  

15:       ،   10د   20   ـ   . sV   ـ 

. د  
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SV cos t= ω100  

:د        

  

S

P R | I | | I | A

V
I | I |

j j

I /
j /

×= → = =

= = → = = → + ω = →ω =
+ ω+ + ω + ω

= = = −
+

2
10

2

2

1 2 20
2

2 10

100 0 100
2 900 100 2500 4

20 10 10 30 10 900 100

100 0 100 0
2 53 1

30 40 50 53 1

o
o

R

R R
R

R

 

: د   

( )Scos cos V I cos / /ϕ = − = =53 1 0 6oR R

7-6-3-   

:   د  

  

            د :ي

1-  :       

  



»232  «ار ا12و  
 
 
 
 

  

     د:          

*
L SZ Z=  

:           

s
max

L

| V |
P .

R
=

21

8
 

2-  :         د .   د       

L SR R=  

3- :  د .        

L s s sR | Z | R X= = +2 2
 

4- : .        

L s s sX | Z | R X= = +2 2
 

5- :د  .       

L L SX , R R= =0

16:     دLZ    .د         ي  

  

         :د  ي( )ω =1  
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  د  دي b,a  د   :  

( )
ab ab ab

ab

j j
Z ,Y Z

y j j

− += = + = + = → = Ω
− +

2 21 1 1 1 2
1 1

11 2 5 51
2

J  

     * ي
L abZ Z= = Ω1 .  

   

2R0
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 يا      ي 

1-  ي  .  د  د   ϕـ ـ ـد ـ 

)ت )o mi t I cos t=  د mI؟ 

1 (mI ,
π= ϕ = −2
4

  

2 (mI ,
π= ϕ = −1

42
  

3 (mI ,
π= ϕ =2
4

  

4 (mI ,
π= ϕ =1

42
  ( ) ( )iV t sin t= +ϕ  

2- (  )   ،   دR1P1ـ   R2ـ

P2 .يR1R2  P P+1 2 ؟

1 (R , R= =2 1

1 1

2 2
  

2 (R , R= =2 10 1      

3 (R , R= =2 11 0  

4 (R , R= =2 12 2  

  ( )Si t cos t=110  

ــژ-3 ،ــ ــ ــ د( )V tــد ــ ــ ــ ــ ــ ــ ؟دــ ــ

( )sV t / cos t=0 18 2   
V , V

i
, V

 >
= 

<

2 0

0 0
. ،

1 (/ cos t+2 0 03 2  

2 (/ cos t+2 0 06 2      

3 (/ cos t+4 0 018 2    

4 (/ cos t+4 0 036 2  

( )oi t
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؟-4   ط  ،     د   آ ي

1 (
L

R
C

=  

2 (
C

R
L

=      

3 (
L

R
C

=  

4 (
C

R
L

=  

5-      دi V= 3ـ ـ .ـ ـ Rـ ـي

؟   آ   

1 (27  

2 (
1

9
   

3 (
1

27
  

4 (
2

27
  

6-    د   دN
1

8
:آ . ت

1 (| A | Volt, R= = Ω1
1

2
  

2 (| A | Volt, R= = Ω1 1  

3 (| A | Volt, R= = Ω1 3  

4 (| A | Volt,R= = Ω1
3

2
  

  

  

V4
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؟-7      د

1 (
LC

α −1
  

2 (
LC

α
  

3 (
LC

−α1
  

4 (
LC

+α1
  

ـت-8 ـ ـ  دي ـ ـ ـ د .  د  د   

( ) ( )o inV t KV t= د) آK  (  K؟ 

1 (
R

K ,
R LC

−= ω =2

1

1
  ( )in mV t V cos t= ω  

2 (
R

K ,
R LC

−= ω =1

2

1
    

3 (
R L

K ,
R C

−= ω =2

1

  

4 (
R L

K ,
R C

−= ω =1

2

  

9-ـ ـ ـ ـ .  د  د   optZـ ـد ـ )

 (   ؟

1 (j 2  

2 (2      

3 (j−1  

4 (j+1  
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10-  ي  ،   دR  آ د  د؟

1 (1  

2 (3      

3 (9  

4 (+1 2 2  

11- LZ 1LZ 2LZ 3ـ .ـ ـ ـ     ي LZ 1ـ

kw25kVAR25   .LZ 2KVA15    8/0ـ .ـ

LZ 3kw11     ؟      .

1 (
2

10
     

2 (
3

10
       

3 (
2

10
     

4 (
3

10
     

ـي-12   دN1N2ـ ي ـ  ـ ـ ـ ـ Rـي = Ω2،

s si i V= +1 1

3 4
  ي  .R ؟،  آ

1 (− Ω1  

2 (Ω1     

3 (Ω2  

4 (Ω2

5
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13-      دLR؟  

1 (w36  

2 (w144      

3 (w150  

4 (w225  

  

  

  

؟-14 د   .  د  د   

    

  

  

1  دد  (  ) ي  (Z2 Z3  .  

2  دد    (Z2   دد     دZ3 .  

3   دد    (Z1 ،( )−2    دد    Z2 .  

4   دد    (Z3   دد      ،Z1 .  

15-،   د  د  دV =10 0oR
j

I
+= 1

2
 ـ ـ  د )

   (آR15/1  . ؟I2ت آ 

1 (
2

2
  

2 (1      

3 (/3 5  

4 (   د  I2 .دد   د   

Z / j /

Z / j /

Z / j /

= + Ω
 = − Ω
 = + Ω

1

2

3

3 1

4 2

2 4

0 0

0 0

0 0
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16-،   دNـ ـ ـ ـ .ـ ـ     ، ي

 د  R
1

6
 ـت ـ د ژ  .( )V1دt

π=
4

ـ2ـ

،R0؟  

1 (3  

2 (
2

3
     

3 (6  

4 (
3

2
  

17-ــ ــ ــژRLدي ــ )ــي ) ( )S oV t V sin tu t= ωــ .ــR = Ω2،L H=1،

rad

s
ω =1oV Volt=10  ،( )Li 0. د        

1 (A−1  2 (A2  3 (A−2  4 (   

18-   دد   R؟    د د  د

1 (w54  

2 (w36      

3 (w18  

4 (w72  
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19-د ددي ي  ( )V t ( )i t:  ت 

         S
S

dVd i d i d i di
i V

dt dtdt dt dt
+ + + + = +

4 3 2

4 3 2
10 40 60 784 10 40  

  

 دω= ؟4      د   دي   

1   (
1

40
)     2  ي 

1

40
  دي 

3     ي  (  4     ي  ( 

20-د      .آ

1 (
R

.
RLC

ω = 1

2

1
0  

2 (
LC

ω = 1
0  

3 (
t CR

.
LC L CR

−ω =
−

2
1
2
2

1
0  

4 (
L CR

.
LC L CR

−
ω =

−

2
2
2
1

1
0  
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   

1-3«ي«.

   د  د  ω=1    ي     د   :  

  

( )
( )

j jKVL : I j I I I j

Ij j jKVl : j I I j I

+ − ϕ− = + − − ϕ    → =    − −− − =    

1 1 2
1

22 1 2

1 2 21 90 2

22 02 22 0
33

oR R

  د  I1 : د د ي 

( ) ( )

( )

o

o

j
I i t cos t

i t cos t

↓

 
− π π  = × ϕ = ϕ− → = ϕ− +ω       

ϕ → = +ϕ−  

1

1

1 2 2
1

2 2 4 2 4

2

2 4

R R

 

   ي ( )o mi t I cos t=   ،
πϕ =
4

    د  دmI = =2 1

2 2
   د. 

2-3«ي«.

  د يR1 R2         د       ي .د

  ( )ω =1:  

  

 R2    يj   ي   :  

( )oi t

ϕ−1 9 oR 0
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( )R j R jR j R j R R
Z R || j j

R j R j R R R

−−= = × = = +
+ − + + +

2
2 22 2 2 2

1 2 2 2 2
2 2 2 2 21 1 1

 

  ي    j−   ي   :  

j j j( j) j
Z j

j j

− + − + −= − = × = = +
− + +2

1 1 1
1

1 1 1 1 2 2
P

       د:د  

 

L

R
R R

R
= +

+
2

1 2
2 1

 

      يLR :  

L S
R R

R Z R ( ) ( )
R R

= → + = + −
+ +

2
2 22 2

1 2 2
2 2

1 1

2 21 1
 

  د   د د   ي   دR =1 0  R =2 1 ، .   ي  

3-1«ي«.

  DC  د           . د  

:د      د   

 

i V V Volt
KVL : i V V V

V Volt
= =− + − + = → + = → = −

2
2 21 1

1 3 0 4
42 2

 

.        

V3
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:        

V i V= → = = →22 4    : (V , i )= =2 4  

    د        د   .  

   د   د  ،د    د :  

di
V R

R dV
= = = × = → = Ω1 1

2 2 2 4
4

 

    ( ) د ac :ي

  

S SV ( || )V (t) V (t) / Cos t / Cos t= = = × =1 1 1 1
18 2 3 2

2 4 6 6
0 0 0  

:      ژ د   

V(t) / Cos t= +2 3 20 0

4-3«ي«.

  ،   ي   د  .د         د د  

  

R j L
Y ( j ) j C j C

R j L R (L )

− ωω = ω + = ω +
+ ω + ω

1 2 2

1
 

r
L R

Im(Y ( j )) C
LCR L L

ωω = → ω− = →ω = −
+ ω

2

1 2 2 2 2

1
0 0

  

Ω1

4

Y (j )ω1
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R
R R( j RC)j C

Z ( j ) j L j L j L
Rj C (R C)R

j C

×
− ωωω = ω + = ω + = ω +

ω + + ω+
ω

2 2

1

1

1 1 1
 

r
R C

Im(Z ( j )) L
LC(R C) R C

ωω = →ω − = →ω = −
+ ω

2 2 2 2

1 1
0 0

1
 

 دد  ي  :د  ي  

R R L L
R R

LC L LC R C L R C C C
− = − → = → = → =

2 2 2
4

2 2 2 2 2 2 2

1 1 1 1

5-3«ي«.

      يR   ،R         ـ ـ ـ د ـ ـ ـ شـ د  د  

.      

 ي    د  ي :   

V i
R

i R V

∂ ∂′ = → =
′∂ ∂

1
 

(V )
i V V R R R

R V V V

∂ ′ ′= → = = → = → = =
′ ∂

3
3 2

2 2

1 1 1
3

3 3
 

  ي V  KVL :د  د د  

V
KVL : V Ri V V V V V Volt

V
= + = + × = + = → =3

2

1 4
4 3

3 3 3
 

:  

VR R |
V =′= = = Ω32

1 1

3 27
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6-2«ي«.

  د       دN         ـ ـ ـ د ـ ـ ـ ،ـ  N 

         دN       ،د      ـ د  دـ

 :د  .   ( )ω =1  

  

eq

eq

j( j) j( j)
Z ( j) || ( j) j( j) j j

j

R R | Z | R

− + − += + − = = = − + = − × =
−

′ = + = = → = Ω

2
22 1 2 1

1 2 1 2 2
1 2

1 2 1

 ي   د | A | :د  دد         د   

  

A | A |
P R | I | (R ) | | | A |

( j) ( )
′= = + = × × = → =

+

2
2 2

2

1 1 1 1
1 2 1

2 2 2 1 2 82 2

7-4«ي«.

 د .ي   ـ             د  د :    ش

   SI      د KCL  1دd :د  
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S
S S

V V V
KCL : I j CV

R j L j L
= + ω + +α

ω ω
 

S
S S

S

V
I V ( j C ) Zin( j )

R j L I j( C )
R L

+α→ = + ω + → ω = = +αω + ω −
ω

1 1 1

1 1
 

 د  inZي ( j )ω :  

C C
L L LC LC

+α +α +α +αω − = →ω = →ω = →ω =
ω ω

21 1 1 1
0 1  

د    د.   :     ژ د       ش

  

  

j LI L
Z j

I

ω= = ω
α α

 

     د   
L

α
     L  ي .  

eq

L L
L

L
L

×
α= =

α ++
α

1

1
 

      دRLC   ي :د    ي  د  
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r
eq LCL C L

C

α +ω = = =
×

α +

1 1 1

1

 

8-1«ي«.

   4« ي « .o inV (t) KV (t)=   ،oV  inV    ـ ،ـ  LC   يـ

  ،د   .  LC   ـ خ ـ  د            ـ  ـد

 r
LC

ω = 1
 .  

   ، دي    پ دي  ژ د  ي KCL :د  پ دي د  

oin
o in

V R RV
V V K

R R R R

−− + =→ = → = −2 2

1 2 1 1

00
 

9-4«ي«.

     optZ   *
inZ   ـ د   .  ش د optZ      ـ ـ ـ ـ

    ،RC  ي         دد ـ ـ ـ ـ دد دـ  ـ ـ د     د

       ،inZ        د*
inZ    ءـ  دـ  

  د    .    4 .دد د  

10-2«ي«.

  د       R     د   د دR     ـ ـ ـ  ـ 

. د  

   د  دω=1 :د   د    

  

SZ ( j) || ( j) j j= + − + = +1 1 2 2 1 2 2  



»248  «ار ا12و 
 
 
 
 

:  

SR | Z | ( )= = + = = Ω21 2 2 9 3  

11-4«ي«.

               : د 

tP | S |Cos ( / ) KW= ϕ = + × + =∑ 25 15 0 8 11 48  

  د ي   د د     Cos Cos( )ϕ = −ϕ  

    د دSin( ) Sin−ϕ = − ϕ  )     د   ،  (   د

 )     د      (   د : د ،  

tQ | S | Sin ( / ) KVAR= ϕ = + − × + =∑ 25 15 0 6 0 16  

:  

P
Cos

P Q
ϕ = = =

+ +2 2 2 2

48 3

1048 16
 

  Q     د  د.       
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       يR    .  ش د  د      R = Ω2 

  ي  ي د د   ،Si  i    ،i    R  .د  

 ژ  ، Siي      N1  N2    ي   ،SV    د دـ ـ 

 Si i= 1

3
   د  د    R   ي Si  د :  

  

:  

Si i= 1

3
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   .  ي    ـ   ي   د ،ژ  LR،  ـ   ـ

   6 .دد   ي  

  ي  ژ  . ژ   د ي   ي ژ  6      ـ ـ يـ ـ

     ژ   6  د      د. دد    :د 

  

       يLR د  ،  ش د     د دLR      يـ .ـد

:د   د      

LR ( || )= + + = Ω3 3 6 6 9  

   

V6
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       LR  : ي

  

  

  

Li A= × =
+
9

8 4
9 9

 

:  

max L LP R i W= = × =2 9 16 144
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Z2  Z3   .د   ،Z2  Z3   يـ   ،       دـ ـ ـ ـ← 

 1 . د  

Z2  Z3   د  R R=2 32     ،Z2   ـ   دZ3    دـ ـ← 

 2 . د  

   د Z1  Z Z+2 3 :     

A6

Ω9 A2

Li


