


 

 

  

  
  

  

  
  
  

  

  

  

  
  
  

  

  

  
  

  
  

  
  

  

  
  

  

  

  
  

  

  

 



 



 

 

 

 

 

 

 

×



 

 

 

 

 

 

 

 

 

 

 

𝑓𝑟 = 1/(2 ∗ 𝜋 ∗ √𝐿𝑟 ∗ 𝐶𝑟



 

 

𝑓𝑟 = 1/(2 ∗ 𝜋 ∗ √𝐿𝑟 ∗ 𝐶𝑟



 

 

𝑓𝑟 = 1/(2 ∗ 𝜋 ∗ √𝐿𝑟 ∗ 𝐶𝑟

 𝑓𝑜

𝑓𝑜

𝑓𝑟



 

 



 

 

𝐼𝑜 =
2

𝜋
∗ 𝐼𝑠1 

𝑉𝑠1 =
4

𝜋
∗ 𝑉𝑠 =

4

𝜋
∗ 𝑉𝑜

𝑅𝑒 =
𝑉𝑜1

𝐼𝑜1
=

8

𝜋2 ∗
𝑉𝑜

𝐼𝑜
=

8

𝜋2 ∗ 𝑅𝑜

𝑅𝑎𝑐

𝑅𝑎𝑐 = (
𝑁𝑝

𝑁𝑠
)2 ∗ 𝑅𝑒

 



 

Lm

Cr Lr

RacVin_ac

Vo_ac

 



 

𝑉𝑖𝑛_𝑎𝑐 = 𝑝 ∗
4

𝜋
𝑉𝑏𝑢𝑠      (5)

𝑉𝑜_𝑎𝑐 = (
𝑁𝑝

𝑁𝑠
) ∗

4

𝜋
𝑉𝑜       (6)

𝐺(𝜔) =
𝑉𝑜_𝑎𝑐

𝑉𝑖𝑛_𝑎𝑐

𝑝 = 1 …  𝑓𝑜𝑟 𝑓𝑢𝑙𝑙 𝑏𝑟𝑖𝑑𝑔𝑒 𝑡𝑜𝑝𝑜𝑙𝑜𝑔𝑦

𝑝 = ½ …  𝑓𝑜𝑟 ℎ𝑎𝑙𝑓 𝑏𝑟𝑖𝑑𝑔𝑒 𝑡𝑜𝑝𝑜𝑙𝑜𝑔𝑦

 

𝑀(𝜔) =
𝑍𝑙𝑝(𝜔)

𝑍𝑙𝑝(𝜔) + 𝑍𝑟(𝜔)
 (10)

 𝑍𝑟(𝜔𝑜) = 𝑗 ∗ 𝜔𝑜 ∗ 𝐿𝑟 +
1

𝑗∗𝜔𝑜∗𝐶𝑟

 𝑍𝑙𝑝(𝜔𝑜) =
𝑅𝑎𝑐∗(𝑗∗𝜔𝑜∗𝐿𝑚)

𝑅𝑎𝑐+𝑗∗𝜔𝑜∗𝐿𝑚
 (10)

 



𝑍𝑖𝑛(𝜔) = 𝑍𝑙𝑝(𝜔) + 𝑍𝑟(𝜔)

 𝜔𝑟

 𝝎𝒔𝒘 ≥ 𝝎𝒓

𝒁𝒓 𝒁𝒍𝒑 + 𝒁𝒓 > 𝒁𝒍

 𝝎𝒔𝒘 =  𝝎𝒓

𝒁𝒓 𝒁𝒍𝒑 + 𝒁𝒓 =  𝒁𝒍

 𝝎𝒔𝒘 < 𝝎𝒓

𝒁𝒓 𝒁𝒍𝒑 + 𝒁𝒓 <  𝒁𝒍

𝒁𝒊(𝝎𝒐)

𝝎𝒔𝒘 =  𝝎𝒐

 𝜔𝑜

 

𝑍𝑖𝑛 = 𝑍𝑙𝑝(𝜔) + 𝑍𝑟(𝜔) = 𝑍𝑙𝑝(ω) ∗
𝑍𝑙𝑝(𝜔)+𝑍𝑟(𝜔)

𝑍𝑙𝑝(𝜔)

𝑍𝑖𝑛(𝜔) =
𝑍𝑙𝑝(𝜔)

𝑀(𝜔)
 

   𝝎𝒐

𝐴𝑛𝑔𝑙𝑒(𝑍𝑖𝑛(𝝎𝒐)) = 0

𝐴𝑛𝑔𝑙𝑒(𝑍𝑖𝑛(𝝎𝒐 )) = 𝐴𝑛𝑔𝑙𝑒 (
𝑍𝑙𝑝(𝝎𝒐 )

𝑀(𝝎𝒐 )
) = 0



𝐴𝑛𝑔𝑙𝑒 (𝑍𝑙𝑝(𝝎𝒐 )) + 𝐴𝑛𝑔𝑙𝑒 (
𝟏

𝑀(𝝎𝒐 )
) = 0

𝑅𝑎𝑐 𝑍𝑙𝑝 𝑅𝑎𝑐 𝑗𝜔 ∗ 𝐿𝑚

𝑅𝑎𝑐

𝑍𝑙𝑠 = 𝑅𝑎𝑐 + 𝑗 ∗ 𝜔 ∗ 𝐿𝑚

 𝐴𝑛𝑔𝑙𝑒 (𝑍𝑙𝑝
𝜋

2
−  𝐴𝑛𝑔𝑙𝑒 (𝑍𝑙𝑠)

𝜋

2
− 𝐴𝑛𝑔𝑙𝑒(𝑍𝑙𝑠(𝝎𝒐)) + 𝐴𝑛𝑔𝑙𝑒 (

𝟏

𝑀(𝝎𝒐)
) = 0

𝐴𝑛𝑔𝑙𝑒 (
𝟏

𝐺(𝝎𝒐)
) = 𝐴𝑛𝑔𝑙𝑒(𝑍𝑙𝑠(𝝎𝒐)) −

𝜋

2

(
𝟏

𝑴(𝝎𝒐)
) 𝒁𝒍𝒔(𝝎𝒐) 𝝎𝒐.

 

(
𝟏

𝑀(𝝎𝒐)
) 𝑍𝑙𝑠(𝜔𝑜)

 
𝟏

𝑴(𝝎𝒐)
𝒁𝒍𝒔(𝝎𝒐) 𝝎𝒐



 

1

𝑀(𝜔𝑜)
= 1 +

𝑍𝑟(𝜔𝑜)

𝑍𝑙𝑝(𝜔𝑜)

𝑍𝑟(𝜔𝑜) = 𝑗 ∗ 𝜔𝑜 ∗ 𝐿𝑟 +
1

𝑗 ∗ 𝜔𝑜 ∗ 𝐶𝑟
= 𝑗 ∗ 𝜔𝑜 ∗ 𝐿𝑟 ∗ (1 − (

𝜔𝑟

𝜔𝑜
)

2

)  (22)  𝑤ℎ𝑒𝑟𝑒  𝜔𝑟 =
1

√𝐿𝑟 ∗ 𝐶𝑟

 (23)

𝑍𝑙𝑝(𝜔𝑜) =
𝑅𝑎𝑐 ∗ (𝑗 ∗ 𝜔𝑜 ∗ 𝐿𝑚)

𝑅𝑎𝑐 + 𝑗 ∗ 𝜔𝑜 ∗ 𝐿𝑚
 (24)

1

𝐺(𝜔𝑜)
= 1 +

𝐿𝑟

𝑅𝑎𝑐∗𝐿𝑚
∗ (1 − (

𝜔𝑟

𝜔𝑜
)

2
) ∗ 𝑅𝑎𝑐 + 𝑗 ∗ 𝜔𝑜 ∗ 𝐿𝑚) = 1 +

𝐿𝑟

𝑅𝑎𝑐∗𝐿𝑚
∗ (1 − (

𝜔𝑟

𝜔𝑜
)

2
) ∗ (𝑍𝑙𝑠) 

1

𝐺(𝜔𝑜)
= 1 + 𝑝 ∗ (𝑍𝑟) ∗ (𝑍𝑙𝑠) where p =  

1

𝜔𝑜∗𝑅𝑎𝑐∗𝐿𝑚
 (26)

 

(𝑍𝑟)

 



1

𝑀(𝜔𝑜)
1

𝑀(𝜔𝑜)

𝑅𝑎𝑐 𝝎𝒐 ∗ 𝑳𝒎

𝑅𝑎𝑐 𝑅𝑎𝑐

 

𝑄𝑚 =
𝜔𝑜∗𝐿𝑚

𝑅𝑎𝑐

  𝑅𝑎𝑐

𝜔𝑜 ∗ 𝐿𝑚
1

𝑀(𝜔𝑜)

𝝎𝒐 𝝎𝒓

  𝑴(𝝎𝒐)

 𝑹𝒂𝒄

 𝝎𝒐

 𝝎𝒓

 



𝜑0

𝜑0

𝑅𝑎𝑐 , 𝐿𝑚

𝑄𝑚 =
1

√𝑀(𝜔0)2 −1

 

𝜑0

 𝝋𝒐

 𝑳𝒎

  𝑳𝒓

  𝑪𝒓

𝐿𝑚 =
1

√𝑀(𝜔0)2 −1
∗

𝑅𝑎𝑐

𝜔𝑜
         (34)

𝐿𝑟 = 𝐿𝑚 ∗
1− 𝑀(𝜔0)2 

(
𝜔𝑟
𝜔𝑜

)2−1
             (35) 

 𝐶𝑟 =
1

𝜔𝑟
2∗𝐿𝑟

                              (36)

   𝜔0 𝜔0



 

 

𝜔𝑜

𝐿𝑟 𝐶𝑟

𝐼𝑝𝑘𝑜 − 𝜔𝑜

𝐸𝑙𝑟(𝜔𝑜) 𝐿𝑟

𝐸𝑙𝑟(𝜔𝑜) =
1

2
∗ 𝐿𝑟 ∗ 𝐼𝑝𝑘𝑜

2

       𝐸𝑐𝑟(𝜔𝑜)

𝑉𝑐𝑝𝑘𝑜

𝐸𝑐𝑟(𝜔𝑜) =
1

2
∗ 𝐶𝑟 ∗ 𝑉𝑐𝑝𝑘𝑜

2 = |𝑉𝑐𝑝𝑘𝑜 =
𝐼𝑝𝑘𝑜

𝜔𝑜∗𝐶𝑟
| =

1

2
∗

𝐼𝑝𝑘𝑜
2

𝜔𝑜
2∗𝐶𝑟

= |𝐶𝑟 =
1

𝜔𝑟
2∗𝐿𝑟

|

𝐸𝑐𝑟(𝜔𝑜) =
1

2
∗ 𝐿𝑟 ∗ 𝐼𝑝𝑘𝑜

2 ∗ (
𝜔𝑟

𝜔𝑜
) 

2

𝐸(𝜔𝑜)

𝐸(𝜔𝑜) =
1

2
∗ (𝐸𝑙𝑟(𝜔𝑜) + 𝐸𝑐𝑟(𝜔𝑜)) =

1

2
∗ 𝐿𝑟 ∗ 𝐼𝑝𝑘𝑜

2 ∗ (1 + (
𝜔𝑟

𝜔𝑜
)  

2
)

       𝐸(𝜔𝑜) =
1

2
∗ 𝐼𝑝𝑘𝑜

2 ∗
𝑅𝑎𝑐

𝜔𝑟
∗ tan(𝜑𝑜) ∗ 𝑐𝑜𝑠2(𝜑𝑜) ∗ (1 + (

𝜔𝑟

𝜔𝑜
)  

2
) ∗ (

𝜔𝑟

𝜔𝑜
)/((

𝜔𝑟

𝜔𝑜
)

2
− 1)

1

2
∗ 𝐼𝑝𝑘𝑜

2 ∗
𝑅𝑎𝑐

𝜔𝑟
∗ tan(𝜑𝑜) ∗ 𝑐𝑜𝑠2(𝜑𝑜) = 𝐸 𝜔𝑜

𝐸(𝜔𝑜) = 𝐸 ∗ (1 + (
𝜔𝑟

𝜔𝑜
)  

2
) ∗ (

𝜔𝑟

𝜔𝑜
)/((

𝜔𝑟

𝜔𝑜
)

2
− 1))

𝑥 =
𝜔𝑜

𝜔𝑟
 

𝐸(𝑥) = 𝐸 ∗
1+𝑥2

𝑥∗(1−𝑥2)

 

𝑥 =
𝜔𝑜

𝜔𝑟

 𝐸(𝑥)
𝑑𝐸(𝑥)

𝑑𝑥
= 0 ⇒  𝑥4 + 4 ∗ 𝑥2 − 1 = 0

𝑥 = √−2 + √5 = 0.485

𝜔𝑜 = 0.485 ∗ 𝜔𝑟



 

 

 𝜔𝑜_𝑜𝑝 = 0.485 ∗ 𝜔𝑟

 𝟎. 𝟕 ∗ 𝝎𝒐_𝒐𝒑 𝟏. 𝟑 ∗ 𝝎𝒐_𝒐𝒑)

 

 𝝎𝒐 = (𝟎. 𝟑𝟒 ∗ 𝝎𝒓; 𝟎. 𝟔𝟑 ∗ 𝝎𝒓)



 

 

› 

› 

– 

– 

– 

– 

› 

– 

– 

› 

– 

– 



 

 

− 

 

− 

− 

− 

− 

 

𝑅𝑎𝑐 =
𝟖

𝝅𝟐 ∗ (
𝑽𝒐

𝑰𝒐
)

 

𝛗𝐨 = 𝐚𝐬𝐢 𝐧 (
𝟏

𝐆𝐦𝐚𝐱
)

 

𝑳𝒎 =
𝑹𝒂𝒄

𝟐∗𝝅∗𝒇𝒎𝒊𝒏
∗ 𝒕𝒂𝒏 (𝝋𝒐)

 

𝑳𝒓 = 𝑳𝒎 ∗
𝒄𝒐𝒔𝟐(𝝋𝒐)

(
𝒇𝒓

𝒇𝒎𝒊𝒏
)

𝟐

−𝟏

 

 𝑪𝒓 =
𝟏

(𝟐∗𝝅∗𝒇𝒓)𝟐∗𝑳𝒓

 

𝒎 =
𝑳𝒓+𝑳𝒎

𝑳𝒓

 

𝑸 =
√𝑳𝒓/𝑪𝒓

𝑹𝒂𝒄



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

𝑅𝑎𝑐

 𝑅𝑎𝑐

 

 

 

 

 

 



 

𝜔𝑜
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