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DC Filtration (Capacitor Filter)

• Rectified voltage from rectifier has high ripple content.
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𝑽𝒎𝒂𝒙
𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 − 𝑽𝒓

𝑻

𝑻𝟏 + 𝑻𝟐 ≅ 𝟎. 𝟖𝑻

• Desired output is a pure, ripple-free DC waveform.

• Filters are used to remove ripples.

• Types of filters: capacitor filter, LC filter, choke input filter, π 

type filter.
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half-wave rectifier with capacitor Filter



𝟎 𝝅 𝟐𝝅 𝟑𝝅

𝑻

𝑻𝟏 𝑻𝟐

D
ON

D
OFF

𝑽𝒎𝒂𝒙
𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 − 𝑽𝒓(𝒑)

𝑻

𝑻𝟏 + 𝑻𝟐 = 𝟎. 𝟖𝑻

𝑻𝟐 ≅ 𝟎. 𝟖𝑻𝑻𝟐 ≫ 𝑻𝟏

At 𝑇2 (discharging of C), the charge lost 𝑄 = 𝐶 𝑉𝑟(𝑝.𝑝)    ...(1)

The current through C

𝒊 =
𝒅𝑸

𝒅𝒕
𝒅𝑸 = 𝒊𝒅𝒕 න𝒅𝑸 = න

𝟎

𝑻𝟐

𝒊𝒅𝒕 𝑸 = 𝒊න
𝟎

𝑻𝟐

𝒅𝒕

ȁ𝑸 = 𝑰𝒅𝒄𝒕
𝑻𝟐
𝟎

𝑸 = 𝑰𝒅𝒄𝑻𝟐…(𝟐) 𝒔𝒖𝒃 𝟐 𝒊𝒏 (𝟏)

𝑰𝒅𝒄𝑻𝟐 = 𝐶 𝑉𝑟(𝑝.𝑝) 𝑻𝟐 ≅ 𝟎. 𝟖𝑻

𝑰𝒅𝒄 × 𝟎.𝟖𝑻 = 𝐶 𝑉𝑟(𝑝.𝑝) 𝑉𝑟(𝑝.𝑝) =
𝑰𝒅𝒄 × 𝟎. 𝟖T

𝑪

𝑰𝒅𝒄 =
𝑽𝒅𝒄
𝑹𝒍

T=
𝟏

𝑭

𝑉𝑟(𝑝.𝑝) = 𝑰𝒅𝒄 × T ×
𝟎. 𝟖

𝑪
𝑉𝑟(𝑝.𝑝) =

𝑽𝒅𝒄
𝑹𝒍

×
𝟏

𝑭
×
𝟎. 𝟖

𝑪

𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄 × 𝟎. 𝟖

𝑹𝒍𝑭𝑪
𝑉𝑟(𝑝.𝑝) =

𝑽𝒅𝒄
𝟏. 𝟐𝟓𝑹𝒍𝑭𝑪

…(𝟑)
÷ 𝟎. 𝟖

÷ 𝟎. 𝟖

÷ 𝑪

𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 − 𝑽𝒓 𝒑 …(𝟒) 𝑽𝒓(𝒑) =
𝑉𝑟(𝑝.𝑝)

𝟐
… (𝟓)

𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 −
𝑉𝑟(𝑝.𝑝)

𝟐
…(𝟔)𝒔𝒖𝒃 𝟓 𝒊𝒏 (𝟒)



𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟏. 𝟐𝟓𝑹𝒍𝑭𝑪
…(𝟑) 𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 −

𝑉𝑟(𝑝.𝑝)

𝟐
…(𝟔)

𝒇𝒓𝒐𝒎 𝒂𝒃𝒐𝒗𝒆 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝒔 𝒔𝒖𝒃 𝟑 𝒊𝒏 (𝟔)

𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 −

𝑽𝒅𝒄
𝟏. 𝟐𝟓𝑹𝒍𝑭𝑪

𝟐

𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 −
𝑽𝒅𝒄

𝟐. 𝟓𝑹𝒍𝑭𝑪

𝑽𝒅𝒄 +
𝑽𝒅𝒄

𝟐. 𝟓𝑹𝒍𝑭𝑪
= 𝑽𝒎𝒂𝒙 𝑽𝒅𝒄(𝟏 +

𝟏

𝟐. 𝟓𝑹𝒍𝑭𝑪
) = 𝑽𝒎𝒂𝒙

𝑽𝒅𝒄 =
𝑽𝒎𝒂𝒙

𝟏 +
𝟏

𝟐. 𝟓𝑹𝒍𝑭𝑪

𝑽𝒓𝒎𝒔 =
𝑉𝑟(𝑝.𝑝)

𝟐 𝟑

𝑻𝒉𝒆 𝒓.𝒎. 𝒔 𝑽𝒐𝒍𝒕𝒂𝒈𝒆 𝒆𝒒𝒖𝒂𝒍 𝒕𝒐 ∶

𝑹𝒊𝒑𝒑𝒍𝒆𝒇𝒂𝒄𝒕𝒐𝒓 𝑹. 𝑭 =
𝑽𝒓𝒎𝒔

𝑽𝒅𝒄

𝑹.𝑭 =
𝑽𝒓𝒎𝒔

𝑽𝒅𝒄

𝑉𝑟(𝑝.𝑝)

𝟐 𝟑

𝑹.𝑭 =

𝑉𝑟(𝑝.𝑝)

𝟐 𝟑
𝑽𝒅𝒄

𝑹.𝑭 =
𝑉𝑟(𝑝.𝑝)

𝟐 𝟑𝑽𝒅𝒄

𝑹.𝑭 =
𝑉𝑟(𝑝.𝑝)

𝟐 𝟑𝑽𝒅𝒄

𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟏. 𝟐𝟓𝑹𝒍𝑭𝑪

𝑹.𝑭 =

𝑽𝒅𝒄
𝟏. 𝟐𝟓𝑹𝒍𝑭𝑪

𝟐 𝟑𝑽𝒅𝒄

𝑹.𝑭 =
𝟏

𝟐. 𝟓 𝟑𝑹𝒍𝑭𝑪



𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟏. 𝟐𝟓𝑹𝒍𝑭𝑪

𝑽𝒅𝒄 =
𝑽𝒎𝒂𝒙

𝟏 +
𝟏

𝟐. 𝟓𝑹𝒍𝑭𝑪

𝑹. 𝑭 =
𝟏

𝟐. 𝟓 𝟑𝑹𝒍𝑭𝑪

𝑽𝒓(𝒑) =
𝑉𝑟(𝑝.𝑝)

𝟐

Ex1: For the half-wave rectifier circuit below, determine 𝑉𝑑𝑐, 𝑉𝑟 (𝑝.𝑝) and
ripple factor (𝑟)

Sol:

Summary

𝑉𝑠 𝑟𝑚𝑠 =
𝑉𝑠 𝑚𝑎𝑥

2 𝑹𝒍 = 𝟐𝟐𝟎Ω
𝑪 = 𝟏𝟎𝟎𝝁𝑭

𝑽𝒔 𝒓𝒎𝒔 = 𝟐𝟒𝑽
50HZ

𝑽𝒔 𝒓𝒎𝒔 =
𝑽𝒔𝒎𝒂𝒙

𝟐

𝟐𝟒 =
𝑽𝒔𝒎𝒂𝒙

𝟐

𝑽𝒔𝒎𝒂𝒙 = 𝟐𝟒 𝟐

𝑽𝒔𝒎𝒂𝒙 = 𝟑𝟑. 𝟗𝟒𝑽

𝑽𝒅𝒄 =
𝑽𝒎𝒂𝒙

𝟏 +
𝟏

𝟐. 𝟓𝑹𝒍𝑭𝑪

𝑽𝒅𝒄 =
𝟑𝟑. 𝟗𝟒𝑽

𝟏 +
𝟏

𝟐. 𝟓 ∗ 𝟐𝟐𝟎 ∗ 𝟓𝟎 ∗ 𝟏𝟎𝟎 ∗ 𝟏𝟎−𝟔

𝑽𝒅𝒄 = 𝟐𝟒. 𝟗𝟔 𝑽

𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟏. 𝟐𝟓𝑹𝒍𝑭𝑪

𝑉𝑟(𝑝.𝑝) =
𝟐𝟒. 𝟗𝟔

𝟏. 𝟐𝟓 ∗ 𝟐𝟐𝟎 ∗ 𝟓𝟎 ∗ 𝟏𝟎𝟎 ∗ 𝟏𝟎−𝟔

𝑉𝑟(𝑝.𝑝) = 𝟏𝟖. 𝟏 𝑽

𝑹.𝑭 =
𝟏

𝟐. 𝟓 𝟑𝑹𝒍𝑭𝑪

𝑹. 𝑭 =
𝟏

𝟐. 𝟓 𝟑 ∗ 𝟐𝟐𝟎 ∗ 𝟓𝟎 ∗ 𝟏𝟎𝟎 ∗ 𝟏𝟎−𝟔

𝑹.𝑭 = 𝟎. 𝟐𝟏
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full-wave rectifier with capacitor Filter
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𝑻𝟐 ≅
𝑻

𝟐
𝑻𝟐 ≫ 𝑻𝟏

At 𝑇2 (discharging of C), the charge lost 𝑄 = 𝐶 𝑉𝑟(𝑝.𝑝)    ...(1)

The current through C

𝒊 =
𝒅𝑸

𝒅𝒕
𝒅𝑸 = 𝒊𝒅𝒕 න𝒅𝑸 = න

𝟎

𝑻𝟐

𝒊𝒅𝒕 𝑸 = 𝒊න
𝟎

𝑻𝟐

𝒅𝒕

ȁ𝑸 = 𝑰𝒅𝒄𝒕
𝑻𝟐
𝟎

𝑸 = 𝑰𝒅𝒄𝑻𝟐…(𝟐) 𝒔𝒖𝒃 𝟐 𝒊𝒏 (𝟏)

𝑰𝒅𝒄𝑻𝟐 = 𝐶 𝑉𝑟(𝑝.𝑝) 𝑻𝟐 ≅
𝑻

𝟐

𝑰𝒅𝒄 ×
𝑻

𝟐
= 𝐶 𝑉𝑟(𝑝.𝑝) 𝑉𝑟(𝑝.𝑝) =

𝑰𝒅𝒄 × T

𝟐𝑪

𝑰𝒅𝒄 =
𝑽𝒅𝒄
𝑹𝒍

T=
𝟏

𝑭

𝑉𝑟(𝑝.𝑝) = 𝑰𝒅𝒄 × T ×
𝟏

𝟐𝑪
𝑉𝑟(𝑝.𝑝) =

𝑽𝒅𝒄
𝑹𝒍

×
𝟏

𝑭
×
𝟏

𝟐𝑪

𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟐𝑹𝒍𝑭𝑪
𝑉𝑟(𝑝.𝑝) =

𝑽𝒅𝒄
𝟐𝑹𝒍𝑭𝑪

… (𝟑)

÷ 𝑪

𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 − 𝑽𝒓 𝒑 …(𝟒) 𝑽𝒓(𝒑) =
𝑉𝑟(𝑝.𝑝)

𝟐
… (𝟓)

𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 −
𝑉𝑟(𝑝.𝑝)

𝟐
…(𝟔)𝒔𝒖𝒃 𝟓 𝒊𝒏 (𝟒)

𝟎 𝝅 𝟐𝝅 𝟑𝝅

𝑻

𝑽𝒎𝒂𝒙
𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 − 𝑽𝒓

𝑻

𝑻𝟏 𝑻𝟐

D
ON

D
OFF

𝑻𝟏 + 𝑻𝟐 =
𝑻

𝟐

V



𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟐𝑹𝒍𝑭𝑪
…(𝟑) 𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 −

𝑉𝑟(𝑝.𝑝)

𝟐
…(𝟔)

𝒇𝒓𝒐𝒎 𝒂𝒃𝒐𝒗𝒆 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝒔 𝒔𝒖𝒃 𝟑 𝒊𝒏 (𝟔)

𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 −

𝑽𝒅𝒄
𝟐𝑹𝒍𝑭𝑪

𝟐

𝑽𝒅𝒄 = 𝑽𝒎𝒂𝒙 −
𝑽𝒅𝒄

𝟒𝑹𝒍𝑭𝑪

𝑽𝒅𝒄 +
𝑽𝒅𝒄

𝟒𝑹𝒍𝑭𝑪
= 𝑽𝒎𝒂𝒙 𝑽𝒅𝒄(𝟏 +

𝟏

𝟒𝑹𝒍𝑭𝑪
) = 𝑽𝒎𝒂𝒙

𝑽𝒅𝒄 =
𝑽𝒎𝒂𝒙

𝟏 +
𝟏

𝟒𝑹𝒍𝑭𝑪

𝑽𝒓𝒎𝒔 =
𝑉𝑟(𝑝.𝑝)

𝟐 𝟑

𝑻𝒉𝒆 𝒓.𝒎. 𝒔 𝑽𝒐𝒍𝒕𝒂𝒈𝒆 𝒆𝒒𝒖𝒂𝒍 𝒕𝒐 ∶

𝑹𝒊𝒑𝒑𝒍𝒆𝒇𝒂𝒄𝒕𝒐𝒓 𝑹. 𝑭 =
𝑽𝒓𝒎𝒔

𝑽𝒅𝒄

𝑹.𝑭 =
𝑽𝒓𝒎𝒔

𝑽𝒅𝒄

𝑉𝑟(𝑝.𝑝)

𝟐 𝟑

𝑹.𝑭 =

𝑉𝑟(𝑝.𝑝)

𝟐 𝟑
𝑽𝒅𝒄

𝑹.𝑭 =
𝑉𝑟(𝑝.𝑝)

𝟐 𝟑𝑽𝒅𝒄

𝑹.𝑭 =
𝑉𝑟(𝑝.𝑝)

𝟐 𝟑𝑽𝒅𝒄

𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟐𝑹𝒍𝑭𝑪

𝑹.𝑭 =

𝑽𝒅𝒄
𝟐𝑹𝒍𝑭𝑪

𝟐 𝟑𝑽𝒅𝒄

𝑹. 𝑭 =
𝟏

𝟒 𝟑𝑹𝒍𝑭𝑪



𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟐𝑹𝒍𝑭𝑪

𝑽𝒅𝒄 =
𝑽𝒎𝒂𝒙

𝟏 +
𝟏

𝟒𝑹𝒍𝑭𝑪

𝑹. 𝑭 =
𝟏

𝟒 𝟑𝑹𝒍𝑭𝑪

𝑽𝒓(𝒑) =
𝑉𝑟(𝑝.𝑝)

𝟐

Ex3: For the full-wave rectifier circuit below, determine 𝑉𝑟 (𝑝.𝑝), 𝑉𝑑𝑐 and
ripple factor (𝑟)

Sol:

Summary

𝑉𝑠 𝑟𝑚𝑠 =
𝑉𝑠 𝑚𝑎𝑥

2

𝑽𝒔𝟏 𝒓𝒎𝒔 =
𝑽𝒔𝟏𝒎𝒂𝒙

𝟐

𝟏𝟐𝟎 =
𝑽𝒔𝟏𝒎𝒂𝒙

𝟐

𝑽𝒔𝟏𝒎𝒂𝒙 = 𝟏𝟐𝟎 𝟐

𝑽𝒔𝟏𝒎𝒂𝒙 = 𝟏𝟔𝟗. 𝟕𝟏 𝑽

𝑽𝒅𝒄 =
𝑽𝒎𝒂𝒙

𝟏 +
𝟏

𝟒𝑹𝒍𝑭𝑪

𝑽𝒅𝒄 =
𝟏𝟔. 𝟗𝟕𝟏 𝑽

𝟏 +
𝟏

𝟒 ∗ 𝟐𝟐𝟎 ∗ 𝟔𝟎 ∗ 𝟏𝟎𝟎 ∗ 𝟏𝟎−𝟔

𝑽𝒅𝒄 = 𝟏𝟒. 𝟐 𝑽

𝑉𝑟(𝑝.𝑝) =
𝑽𝒅𝒄

𝟐𝑹𝒍𝑭𝑪

𝑉𝑟(𝑝.𝑝) =
𝟏𝟒. 𝟐 𝑽

𝟐 ∗ 𝟐𝟐𝟎 ∗ 𝟔𝟎 ∗ 𝟏𝟎𝟎 ∗ 𝟏𝟎−𝟔

𝑉𝑟(𝑝.𝑝) = 𝟓. 𝟑𝑽

𝑹.𝑭 =
𝟏

𝟒 𝟑𝑹𝒍𝑭𝑪

𝑹. 𝑭 =
𝟏

𝟒 𝟑 ∗ 𝟐𝟐𝟎 ∗ 𝟔𝟎 ∗ 𝟏𝟎𝟎 ∗ 𝟏𝟎−𝟔

𝑹.𝑭 = 𝟎. 𝟏𝟎𝟗

i

ii

iii

𝑽𝒔𝟏𝒎𝒂𝒙

𝑽𝒔𝟐𝒎𝒂𝒙
=
𝒏𝟏
𝒏𝟐

𝟏𝟔𝟗. 𝟕𝟏

𝑽𝒔𝟐𝒎𝒂𝒙
=
𝟏𝟎

𝟏

𝑽𝒔𝟐𝒎𝒂𝒙 = 𝟏𝟔. 𝟗𝟕𝟏 𝑽



Comparison between capacitor filter in case of half wave rectifier and full 

wave rectifier

Capacitor filter with Full wave rectifierCapacitor filter with Half wave rectifier

𝑻𝟐 ≅
𝑻

𝟐

𝑻𝟐 ≅ 𝟎. 𝟖𝑻

𝑉𝑟(𝑝) =
𝑉𝑑𝑐

𝟐𝑅𝑙𝐶𝑓
𝑉𝑟(𝑝) =

𝑉𝑑𝑐
𝟏. 𝟐𝟓𝑅𝑙𝐶𝑓

𝑉𝑑𝑐 =
𝑉𝑚𝑎𝑥

1 +
1

𝟒𝑅𝑙𝐶𝑓

𝑉𝑑𝑐 =
𝑉𝑚𝑎𝑥

1 +
1

𝟐. 𝟓𝑅𝑙𝐶𝑓

𝑉𝑟𝑚𝑠 =
𝑉𝑟 𝑝.𝑝

2 3
𝑉𝑟𝑚𝑠 =

𝑉𝑟 𝑝.𝑝

2 3

𝑅𝐹 =
1

𝟒 3𝑅𝑙𝐶𝑓
𝑅𝐹 =

1

𝟐. 𝟓 3𝑅𝑙𝐶𝑓

Summary


