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             AC                                                

.                                                              

:               

                       )             (                        

               )       (                                             

:                       

𝜀 = 𝜀𝑚𝑎𝑥 𝑠𝑖𝑛𝜔𝑡 

                                                       ∆𝑉 = ∆𝑉𝑚𝑎𝑥 𝑠𝑖𝑛𝜔𝑡 
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         ∆𝑉𝑚𝑎𝑥                                               𝜔 

                        t                                     

                                                                 

.                                  

                                                                       

(                           (𝑓  :     

𝜔 = 2π𝑓 
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 :                                 

                                                                 

                    )     (                        )               (

                                    x                            

                                         y                  
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                 Vmax               

       x                       y    v:     

                 𝑉 = 𝑉𝑚𝑎𝑥  sin 𝜃                     

 

 

 

                             t=0                   x               

                                           𝜔              𝜃 

                           t    𝜔𝑡                            

𝑉𝑚𝑎𝑥          y                   t:    

𝑉 = 𝑉𝑚𝑎𝑥  sin𝜔𝑡                     
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:                                         
33.2 Resistors in an AC Circuit 

                                                                   

:               

𝑖 =
∆𝑉

𝑅
=

∆𝑉𝑚𝑎𝑥

𝑅
𝑠𝑖𝑛𝜔𝑡 

𝑖 = 𝑖𝑚𝑎𝑥 𝑠𝑖𝑛𝜔𝑡          ………………… .1 

    

𝑖𝑚𝑎𝑥 =
∆𝑉𝑚𝑎𝑥

𝑅
  

                                   

∆𝑉 = ∆𝑉𝑚𝑎𝑥 𝑠𝑖𝑛𝜔𝑡                ……… . .2 

    ∆𝑚𝑎𝑥 = 𝑖𝑚𝑎𝑥 𝑅 
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                  1,2                                            

                                                              

                                                                  

.                            
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:                                         

𝑝 = 𝑖2𝑅 = 𝑖𝑚𝑎𝑥
2 𝑅 𝑠𝑖𝑛2𝜔𝑡 

                                                           sin2ωt 

                                           
1

2
                    

:                   

 

𝑝𝑎𝑣 =
1

2
𝑖𝑚𝑎𝑥

2 𝑅 =
1

2

∆𝑉𝑚𝑎𝑥
2

𝑅
 



Slide 9 



Slide 10 

:                                                   

𝑖𝑎𝑣
2 =

1

2
𝑖𝑚𝑎𝑥

2  

𝑉𝑎𝑣
2 =

1

2
𝑉𝑚𝑎𝑥

2  

                                                   𝑖𝑟𝑚𝑠   𝑉𝑟𝑚𝑠:  

𝑖𝑟𝑚𝑠 =  𝑖𝑎𝑣
2 =

𝑖𝑚𝑎𝑥

 2
            …… .3 

𝑉𝑟𝑚𝑠 =  𝑉𝑎𝑣
2 =

𝑉𝑚𝑎𝑥

 2
        ……… 4 

 

            𝑖𝑟𝑚𝑠   𝑉𝑟𝑚𝑠                                           

.                             

𝑝𝑎𝑣 =
1

2
𝑖𝑚𝑎𝑥

2 𝑅 = 𝑖𝑟𝑚𝑠
2 𝑅         …… . .5 
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:      

                   1000W                          220V 

:     

 )                .                                  ) 
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:     

 

 ) 

𝑖𝑟𝑚𝑠 =
𝑃 

𝑉𝑟𝑚𝑠
=

1000

220
= 4.545𝐴 

𝑅 =
𝑉𝑟𝑚𝑠

𝑖𝑟𝑚𝑠
=

220

4.545
= 48.4𝐴 

 ) 

𝑖0 =  2 𝑖𝑟𝑚𝑠  

𝑖0 =  2 × 4.545 = 6.428𝐴 
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:                              .               

 

𝜀 − 𝐿
𝑑𝑖

𝑑𝑡
= 0 

𝐿
𝑑𝑖

𝑑𝑡
= ∆𝑉𝑚𝑎𝑥 𝑠𝑖𝑛𝜔𝑡 

𝑑𝑖 =
∆𝑉𝑚𝑎𝑥

𝐿
𝑠𝑖𝑛𝜔𝑡 𝑑𝑡 
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:                                          

⟹ 𝑖 = −
∆𝑉𝑚𝑎𝑥

𝜔𝐿
𝑐𝑜𝑠𝜔𝑡 

𝑖 = −
∆𝑉𝑚𝑎𝑥

𝑋𝐿
sin(𝜔𝑡 −

𝜋

2
) 

𝑖 = −𝑖𝑚𝑎𝑥 sin(𝜔𝑡 −
𝜋

2
)        ………… .6 

    

𝑋𝐿 = 𝜔𝐿                         𝑖𝑚𝑎𝑥 =
∆𝑉𝑚𝑎𝑥

𝑋𝐿
 

      𝑋𝐿                                                         

 .                              
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            1   6                                              

90°     
𝜋

2
.                           

                                                𝜙 = −90 
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     :  

            2Ω         500mH                                 

 :                                                  )50V 

                     )𝑉𝑟𝑚𝑠 = 50𝑉       50 Hz 
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:      

 )                                      𝑋𝐿 = 0            𝑓 = 0 

                               R 

⟹ 𝑖 =
𝑉

𝑅
=

50

2
= 25Ω 

 ) 

𝑋𝐿 = 𝜔𝐿 = 2𝜋𝑓𝐿 

= 2 × 3.14 × 50 ×  500 × 10−3 = 157Ω 

⟹ 𝑖𝑚𝑎𝑥 =
𝑉𝑚𝑎𝑥

𝑋𝐿
=

 2𝑉𝑟𝑚𝑠

𝑋𝐿
 

=
 2 × 50 

157
= 0.45A 
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 .                               

:                                    

𝜀 −
𝑞

𝑐
= 0 

𝜀𝑚𝑎𝑥 𝑠𝑖𝑛𝜔𝑡 −
𝑞

𝑐
= 0 
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:                                        

𝜀𝑚𝑎𝑥  𝜔𝑐𝑜𝑠𝜔𝑡 =
1

C

𝑑𝑞

𝑑𝑡
=

𝑖

C
 

 

𝑖 = 𝜀𝑚𝑎𝑥  𝐶𝜔 𝑐𝑜𝑠𝜔𝑡 = 𝜀𝑚𝑎𝑥  𝐶𝜔  sin(𝜔𝑡 +
𝜋

2
) 

 

𝑖 =
𝜀𝑚𝑎𝑥

𝑋𝑐
  sin(𝜔𝑡 +

𝜋

2
) 

𝑖 = 𝑖𝑚𝑎𝑥  sin  𝜔𝑡 +
𝜋

2
           ………… . .7 

    𝑖𝑚𝑎𝑥 =
𝜀𝑚𝑎𝑥

𝑋𝑐
                    𝑋𝑐 =

1

𝐶𝜔
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      𝑋𝑐                                                          

                                                                  

.                    

             1   7                                                90°  

   
𝜋

2
                                 .                          

                                                                

.                                                              

                                               𝜙 = 90 
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 :    

              60μ𝑐                          220Hz  

 :       

 )                                     )                   )

                                                            )  
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 :     

1)      

𝑉𝑚𝑎𝑥 =  2𝑉𝑟𝑚𝑠 =  2 × 220 = 311.13 𝑉𝑜𝑙𝑡 

 

2) 

𝑋𝐶 =
1

𝜔𝑐
=

1

2𝜋 × 50 × (60 × 10−6 )
= 53.05Ω 

3) 

𝑖𝑚𝑎𝑥 =
𝑉𝑚𝑎𝑥

𝑋𝑐
=

311.13

53.05
= 5.86𝐴 

 

  4)      𝑖 (𝑡) = 5.86 sin(314 +
𝜋

2
) 
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      RLC                            

                                                     

                                    V. 

                                              

∆𝑣 = ∆𝑣𝐿 + ∆𝑣𝑅 + ∆𝑣𝐶                …………… .8 

        ∆𝑣𝐿   ∆𝑣𝑅  ∆𝑣𝐶                             t            

                                .                                   

                                                              

                                                               (8) 

                                                               

             ∆𝑉𝐿(∆𝑉𝐿𝑚𝑎𝑥  )   ∆𝑉𝑅(∆𝑉𝑅𝑚𝑎𝑥
)  ∆𝑉𝐶(∆𝑉𝐶𝑚𝑎𝑥

)    

 .                               
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             𝑖                                                     
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:                                           
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                                       𝑉𝑚𝑎𝑥:                      

 

Δ𝑉𝑚𝑎𝑥 =  Δ𝑉𝑅𝑚𝑎𝑥

2 + (Δ𝑉𝐿𝑚𝑎𝑥
− Δ𝑉𝐶𝑚𝑎𝑥

)2 

 =  (𝑖𝑚𝑎𝑥 𝑅)2 + ((𝑖𝑚𝑎𝑥 𝑋𝐿 − (𝑖𝑚𝑎𝑥 𝑋𝐶)2 

⟹ Δ𝑉𝑚𝑎𝑥 = 𝑖𝑚𝑎𝑥  𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 

 

⟹ Δ𝑉𝑚𝑎𝑥 = 𝑖𝑚𝑎𝑥   𝑍 

 

𝑍 =  𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 

         𝑍                 
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                                𝜙                              

:              

𝑡𝑎𝑛𝜙 =
Δ𝑉𝐿𝑚𝑎𝑥

− Δ𝑉𝐶𝑚𝑎𝑥

Δ𝑉𝑅𝑚𝑎𝑥

 

𝜙 = tan−1
(Δ𝑉𝐿𝑚𝑎𝑥

− Δ𝑉𝐶𝑚𝑎𝑥
)

Δ𝑉𝑅𝑚𝑎𝑥

                ………… .𝟗 

   

𝜙 = tan−1
(𝑋𝐿 − 𝑋𝐶)

𝑅
                         …………… .𝟏𝟎 

    

𝜙 = cos−1
𝑅

𝑍
                                      ………………𝟏𝟏 
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                RLC                            

          RLC:                                                

𝑋𝐿 − 𝑋𝐶 = 0                        ⟹ 𝜙 = 0     ……… 12 

                                                  resonance 

frequency            𝜔°(                            12      )

:    

𝜔°𝐿 −
1

𝜔°𝐶
= 0                         

⟹ 𝜔° =
1

 𝐿𝐶
                             …………………… .13 
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                                           RLC             

.         

           𝑍 = 𝑅                      

 

                           RLC             R=0                   

    L    C                                                       

                                                           

.                                                                   
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:     

         RLC          𝑅 = 10Ω    𝐿 = 30 𝑚𝐻     𝐶 = 15𝜇𝐹      

          𝑉𝑟𝑚𝑠    60V         900Hz:      

 )                                   

 )                   

 )                                                        
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:     

 ) 

𝑋𝐿 = 𝜔𝐿 = 2π𝑓𝐿 = 2 × 3.14 × 900 ×  30 × 10−3  

 

= 169.65Ω 

 

𝑋𝐶 =
1

𝜔𝑐
=

1

2 × 3.14 × 900 ×  15 × 10−6  

= 11.8Ω 

𝑍 =  𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 

 

        =  (10)2 + 169.65 − 11.8)2 = 158.17Ω   

 ) 

𝑖𝑚𝑎𝑥 =
𝑉𝑚𝑎𝑥

𝑍
=

 2 𝑉𝑟𝑚𝑠

𝑍
=

 2 60

158.17
= 0.54A 
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 ) 

𝑉𝑅𝑚𝑎𝑥
= 𝑖𝑚𝑎𝑥 𝑅 = 0.54 × 10 = 5.4𝑉 

𝑉𝐿𝑚𝑎𝑥
= 𝑖𝑚𝑎𝑥 𝑋𝐿 = 0.54 × 169.65 = 91.61𝑉 

𝑉𝐶𝑚𝑎𝑥
= 𝑖𝑚𝑎𝑥 𝑋𝐶 = 0.54 × 11.8 = 6.37𝑉 

 ) 

𝜙 = tan−1
(𝑋𝐿 − 𝑋𝐶)

𝑅
= tan−1

169.65 − 11.8)

10
 

𝜙 = tan−1 15.79 = 86.4° 



Slide 36 

                               

                                                      :  

𝑝 = 𝜀𝑖 =  Δ𝑉𝑚𝑎𝑥 𝑖𝑚𝑎𝑥 𝑠𝑖𝑛𝜔𝑡 sin(𝜔𝑡 − 𝜙) 

 

⟹ 𝑝 = Δ𝑉𝑚𝑎𝑥 𝑖𝑚𝑎𝑥 𝑠𝑖𝑛𝜔𝑡 (sin𝜔𝑡 𝑐𝑜𝑠𝜙 − 𝑐𝑜𝑠𝜔𝑡 sin𝜙) 

𝑝 = Δ𝑉𝑚𝑎𝑥 𝑖𝑚𝑎𝑥 𝑠𝑖𝑛
2𝜔𝑡  𝑐𝑜𝑠𝜙 − Δ𝑉𝑚𝑎𝑥 𝑖𝑚𝑎𝑥  𝑠𝑖𝑛𝜔𝑡 𝑐𝑜𝑠𝜔𝑡 sin𝜙) 

 

𝑝 = Δ𝑉𝑚𝑎𝑥 𝑖𝑚𝑎𝑥 𝑠𝑖𝑛
2𝜔𝑡  𝑐𝑜𝑠𝜙 − Δ𝑉𝑚𝑎𝑥 𝑖𝑚𝑎𝑥  

1

2
𝑠𝑖𝑛2𝜔𝑡 sin𝜙) 
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                        =                                        

        𝑠𝑖𝑛2𝜔𝑡              :     

𝑝𝑎𝑣 =
1

2
Δ𝑉𝑚𝑎𝑥 𝑖𝑚𝑎𝑥   𝑐𝑜𝑠𝜙                        ………14 

𝑝𝑎𝑣 = 𝑖𝑟𝑚𝑠 Δ𝑉𝑟𝑚𝑠   𝑐𝑜𝑠𝜙                    ……………15 

                 𝑐𝑜𝑠𝜙(               power factor) 

             14                                    (𝑝𝑎𝑣 =
1

2
𝑖2

𝑚𝑎𝑥  𝑅):     

Δ𝑉𝑚𝑎𝑥   𝑐𝑜𝑠𝜙 = 𝑖𝑚𝑎𝑥 𝑅 

  𝑐𝑜𝑠𝜙 =
𝑖𝑚𝑎𝑥 𝑅

Δ𝑉𝑚𝑎𝑥
 

 

𝑝𝑎𝑣 = 𝑖𝑟𝑚𝑠 Δ𝑉𝑟𝑚𝑠   𝑐𝑜𝑠𝜙 = 𝑖𝑟𝑚𝑠  
Δ𝑉𝑚𝑎𝑥

 2
   

𝑖𝑚𝑎𝑥𝑅

Δ𝑉𝑚𝑎𝑥

   

⟹ 𝑝𝑎𝑣 = 𝑖2
𝑟𝑚𝑠 R               ……………………… . .16 

𝑜𝑟   𝑝𝑎𝑣 = 𝑖𝑟𝑚𝑠ΔVrms               …………………… .17  
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:      

                             8𝜇𝐹             4Ω             

           Vrms    12V        1000Hz     :  

                                )                )               ) 
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 :    

 ) 

𝑋𝐿 = 𝜔𝐿 = 2π𝑓𝐿 = 2 × 3.14 × 1000 ×  30 × 10−3  

 

= 188.5Ω 

 

𝑋𝐶 =
1

𝜔𝑐
=

1

2 × 3.14 × 1000 ×  8 × 10−6  

= 19.89Ω 

𝑍 =  𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 

 

        =  (4)2 + 188.5 − 19.89)2 = 168.66Ω 
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 ) 

𝜙 = cos−1
𝑅

𝑍
= cos−1

4

168.66
= 88.64 

 ) 

𝑐𝑜𝑠𝜙 = 𝑐𝑜𝑠88.64 = 0.024 

 ) 

𝑝𝑎𝑣 = 𝑖𝑟𝑚𝑠 Δ𝑉𝑟𝑚𝑠   𝑐𝑜𝑠𝜙                     

𝑝𝑎𝑣 =
Δ𝑉𝑟𝑚𝑠

𝑍
Δ𝑉𝑟𝑚𝑠   𝑐𝑜𝑠𝜙 

𝑝𝑎𝑣 =
12

168.66
× 12 ×  0.024 = 0.020𝑊 


