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Passive Filters 

First Order Circuits 

 

𝐹𝑟𝑜𝑚 𝑇ℎ𝑒𝑜𝑟𝑦: 𝑓𝑐 =  
1

2𝜋𝑅𝐶
=  

1

2𝜋(2.2𝑘)(220𝑛)
𝐻𝑍 ≅ 328.833 𝐻𝑍 

|
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
| = 𝑣𝑜𝑢𝑡 = 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑐 + 𝑣𝑙 = 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑟 → 𝑣𝑜𝑢𝑡 = 0 𝑑𝑏 

 

𝐹𝑟𝑜𝑚 𝐺𝑟𝑎𝑝ℎ: 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑟 = −4.8082𝑢 𝑑𝑏 

𝑊ℎ𝑒𝑛 𝑣 = (−4.8082𝑢 − 3)𝑑𝑏 ≈ −3𝑑𝑏, 𝑓𝑐 ≅ 324.070𝐻𝑍, 𝐻𝑖𝑔ℎ 𝑃𝑎𝑠𝑠 𝐹𝑖𝑙𝑡𝑒𝑟 

 

𝐹𝑟𝑜𝑚 𝑇ℎ𝑒𝑜𝑟𝑦: 𝑓𝑐 =  
1

2𝜋𝑅𝐶
=  

1

2𝜋(2.2𝑘)(220𝑛)
𝐻𝑍 ≅ 328.833 𝐻𝑍 



III 
 

 

𝐹𝑟𝑜𝑚 𝐺𝑟𝑎𝑝ℎ: 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑐 =  −40.164𝑢 𝑑𝑏 

𝑊ℎ𝑒𝑛 𝑣 =  (40.164𝑢 − 3)𝑑𝑏 ≈ −3𝑑𝑏, 𝑓𝑐 ≅ 330.483 𝐻𝑍, 𝐿𝑜𝑤 𝑃𝑎𝑠𝑠 𝐹𝑖𝑙𝑡𝑒𝑟 

 

𝜑𝑐 = −tan−1 2𝜋𝑓𝑅𝐶 = −tan−1 2𝜋(328.833)(2200)(220𝑛) = −tan−1 1 = −45 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

 

𝐹𝑟𝑜𝑚 𝐺𝑟𝑎𝑝ℎ: 𝜑𝑟 𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐
, 𝜑 = 135 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 = −45 𝑖𝑛 tan 𝜑 

𝜑𝑐 𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐
, 𝜑 = −45 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 
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Second Order Circuits 

Band Pass Filter 

 

𝐹𝑟𝑜𝑚 𝑇ℎ𝑒𝑜𝑟𝑦: 𝑓𝑐 =  
1

2𝜋√𝐿𝐶
=  

1

2𝜋√(100𝑚)(470𝑛)
𝐻𝑍 ≅ 734.127 𝐻𝑍 

𝑓𝑐1 =  
1

2𝜋
(√(

𝑅

2𝐿
)2 +

1

𝐿𝐶
−

𝑅

2𝐿
) =  

1

2𝜋
(√(5000)2 +

1

(0.1)(470𝑛)
− 5000)  𝐻𝑍 ≅ 286.907 𝐻𝑍 

𝑓𝑐2 =  
1

2𝜋
(√(

𝑅

2𝐿
)2 +

1

𝐿𝐶
+

𝑅

2𝐿
) =  

1

2𝜋
(√(5000)2 +

1

(0.1)(470𝑛)
+ 5000)  𝐻𝑍 ≅ 1878.457 𝐻𝑍 

|
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
| = 𝑣𝑜𝑢𝑡 = 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑐 + 𝑣𝑙 = 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑣𝑟 → 𝑣𝑜𝑢𝑡 = 0𝑑𝑏 

 
𝐹𝑟𝑜𝑚 𝑹𝒆𝒅 𝐺𝑟𝑎𝑝ℎ: 𝐹𝑜𝑟 𝑣𝑐 + 𝑣𝑙 , 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 =  −37.874𝑢 𝑑𝑏 

𝑊ℎ𝑒𝑛 𝑣 = (−37.874𝑢 − 3)𝑑𝑏 ≈ −3𝑑𝑏, 𝑓𝑐 ≅ 726.752 𝐻𝑍, 𝑓𝑐1 ≅ 285.311𝐻𝑍, 𝑓𝑐2 ≅ 1890.6 𝐻𝑍 

𝐵𝑎𝑛𝑑 𝑃𝑎𝑠𝑠 𝐹𝑖𝑙𝑡𝑒𝑟 

𝐹𝑟𝑜𝑚 𝑮𝒓𝒆𝒆𝒏 𝐺𝑟𝑎𝑝ℎ: 𝐹𝑜𝑟 𝑣𝑟, 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 =  −377.019𝑢 𝑑𝑏 

𝑊ℎ𝑒𝑛 𝑣 = (−377.019𝑢 − 3)𝑑𝑏 ≈ −3𝑑𝑏, 𝑓𝑐 ≅ 726.752 𝐻𝑍, 𝑓𝑐1 ≅ 285.311𝐻𝑍, 𝑓𝑐2 ≅ 1890.6 𝐻𝑍 

 𝐵𝑎𝑛𝑑 𝑅𝑒𝑗𝑒𝑐𝑡 𝐹𝑖𝑙𝑡𝑒𝑟 
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𝜑𝑐 = −tan−1 (

1
𝐿𝐶

− (2𝜋𝑓𝑐)2

2𝜋𝑓𝑐𝑅
𝐿

) = −tan−1 (

1
(0.1)(470𝑛)

− (2𝜋(734.127))2

2𝜋(734.127)(1000)
(0.1)

) = 0 𝑑𝑒𝑔𝑟𝑒𝑒 

𝜑𝑐1 = −tan−1 (

1
𝐿𝐶

− (2𝜋𝑓𝑐1)2

2𝜋𝑓𝑐1𝑅
𝐿

) = −tan−1 (

1
(0.1)(470𝑛)

− (2𝜋(286.907))2

2𝜋(286.907)(1000)
(0.1)

) = −45 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

𝜑𝑐2 = −tan−1 (

1
𝐿𝐶

− (2𝜋𝑓𝑐2)2

2𝜋𝑓𝑐2𝑅
𝐿

) = −tan−1 (

1
(0.1)(470𝑛)

− (2𝜋(1878.457))2

2𝜋(1878.457)(1000)
(0.1)

) = 45 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

 

𝐹𝑟𝑜𝑚 𝐺𝑟𝑒𝑒𝑛 𝐺𝑟𝑎𝑝ℎ: 𝜑𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐
= 180 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 = 0 𝑖𝑛 tan 𝜑, 

𝜑𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐1
= 132 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 = −48 𝑖𝑛 tan 𝜑, 

𝜑𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐2
= 225 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 = 45 𝑖𝑛 tan 𝜑 

𝐹𝑟𝑜𝑚 𝑅𝑒𝑑 𝐺𝑟𝑎𝑝ℎ: 𝜑𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐
= 0 𝑑𝑒𝑔𝑟𝑒𝑒,  

𝜑𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐1
= −42.492 𝑑𝑒𝑔𝑟𝑒𝑒𝑠, 𝜑𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐2

= 44.932 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 
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Active Filters 

Simplified Inverting Amplifier Filter 

 

𝐹𝑟𝑜𝑚 𝑇ℎ𝑒𝑜𝑟𝑦: 𝑓𝑐 =
1

2𝜋𝑅1𝐶
=

1

2𝜋(2.2𝑘)(220𝑛)
= 328.833 𝐻𝑍 

𝑣𝑜 = |
𝑣𝑜𝑢𝑡

𝑣𝑖𝑛
| = |

−
𝑅1
𝑅2

 𝑣𝑖𝑛

𝑣𝑖𝑛
| =

𝑅1

𝑅2
=

2.2𝑘

1𝑘
= 2.2𝑣 = 20 log 2.2  𝑑𝑏 = 6.8485 𝑑𝑏 

𝜑𝑐 = −tan−1 2𝜋𝑓𝑅𝐶 = −tan−1 2𝜋(328.833)(2200)(220𝑛) = −tan−1 1 = −45 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

 

𝐹𝑟𝑜𝑚 𝐺𝑟𝑎𝑝ℎ: 𝐹𝑜𝑟 𝑣𝑜, 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 =  6.8483 𝑑𝑏 

𝑊ℎ𝑒𝑛 𝑣 = (6.8483 − 3)𝑑𝑏 ≈ 3.8483 𝑑𝑏, 𝑓𝑐 ≅ 327.369 𝐻𝑍, 𝐿𝑜𝑤 𝑃𝑎𝑠𝑠 𝐹𝑖𝑙𝑡𝑒𝑟 

𝜑𝑤ℎ𝑒𝑛 𝑓=𝑓𝑐
= 135.009 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 ≈ 135 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 = −45 𝑖𝑛 tan 𝜑 

 

 


