
Deriving T-attenuator formulae 

 

 

𝑉𝑂𝑈𝑇 =
𝑍0

𝑅1 + 𝑍0
 

𝑅2 ∥ (𝑅1 + 𝑍0)

𝑅1 + 𝑅2 ∥ (𝑅1 + 𝑍0)
𝑉𝐼𝑁 

(1) 

 

𝐴 =
𝑉𝑂𝑈𝑇

𝑉𝐼𝑁
= 𝑍0

𝑅2 ∥ (𝑅1 + 𝑍0)

(𝑅1 + 𝑍0)(𝑅1 + 𝑅2 ∥ (𝑅1 + 𝑍0))
 

 

(2) 

 

Because Input impedance of the attenuator must be equal to Z0 

 

𝑅1 + 𝑅2 ∥ (𝑅1 + 𝑍0) = 𝑍0 
 

(3) 

Substitute 𝑅2 ∥ (𝑅1 + 𝑍0) = 𝑍0 − 𝑅1 in (2) 

𝐴 = 𝑍0

𝑍0 − 𝑅1

(𝑅1 + 𝑍0)(𝑅1 + 𝑍0 − 𝑅1)
=

𝑍0(𝑍0 − 𝑅1)

𝑍0(𝑅1 + 𝑍0)
 

 

(4) 

Solve R1 

𝐴𝑅1 + 𝐴𝑍0 = 𝑍0 − 𝑅1 → 𝑹𝟏 = 𝒁𝟎

(𝟏 − 𝑨)

(𝟏 + 𝑨)
 

(5) 

 

Write out the parallel impedance and substitute R1 in (3)   



𝑅2(𝑅1 + 𝑍0)

𝑅2 + (𝑅1 + 𝑍0)
= 𝑍0 − 𝑅1 →

𝑅2 ((𝑍0
(1 − 𝐴)
(1 + 𝐴)

) + 𝑍0)

𝑅2 + ((𝑍0
(1 − 𝐴)
(1 + 𝐴)

) + 𝑍0)

= 𝑍0 − (𝑍0

(1 − 𝐴)

(1 + 𝐴)
) → 

𝑅2𝑍0 − 𝑅2𝑍0𝐴
(1 + 𝐴)

+ 𝑅2𝑍0

𝑅2 +
𝑍0(1 + 𝐴)

(1 + 𝐴)
+ 𝑍0

= 𝑍0 (1 −
(1 − 𝐴)

(1 + 𝐴)
) → 

 
𝑅2𝑍0 − 𝑅2𝑍0𝐴 + 𝑅2𝑍0 + 𝑅2𝑍0𝐴

(1 + 𝐴)

𝑅2 + 𝑅2𝐴 + 𝑍0(1 − 𝐴) + 𝑍0 + 𝑍0𝐴
(1 + 𝐴)

= 𝑍0 (1 −
(1 − 𝐴)

(1 + 𝐴)
) → 

 
2𝑅2𝑍0

𝑅2(1 + 𝐴) + 2𝑍0
= 𝑍0 (1 −

(1 − 𝐴)

(1 + 𝐴)
) → 

 

2𝑅2 = [𝑅2 (1 + 𝐴) + 2𝑍0] (1 −
(1 − 𝐴)

(1 + 𝐴)
)

= 𝑅2 (1 + 𝐴) − 𝑅2 (1 − 𝐴) + 2𝑍0 − 2𝑍0

(1 − 𝐴)

(1 + 𝐴)
→ 

2𝑅2 = 2𝑅2𝐴 + 2𝑍0

(1 − 𝐴)

(1 + 𝐴)
→ 𝑅2 = 𝑅2𝐴 + 𝑍0 (1 −

(1 − 𝐴)

(1 + 𝐴)
)

= 𝑅2𝐴 + 𝑍0 (
1 + 𝐴 − 1 + 𝐴

1 + 𝐴
) = 𝑅2𝐴 + 𝑍0 (

2𝐴

1 + 𝐴
) → 

𝑅2(1 − 𝐴) = 2𝑍0

𝐴

(1 + 𝐴)(1 − 𝐴)
→ 𝑹𝟐 = 𝟐𝒁𝟎

𝑨

(𝟏 − 𝑨𝟐)
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(6) 

  
 


