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Bridge Full Wave Rectifier 
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b) Bridge full-wave rectifier 

Simplified circuit
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b) Bridge full-wave rectifier 
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1) when 𝑽𝒔 𝒕 > 𝟎

∴ 𝑽𝒊 𝒕 > 𝟎

∴ 𝑫𝟏 and 𝑫𝟑 are on 

∴ 𝑫𝟐 and 𝑫𝟒 are off

𝑽𝒐 𝒕 = 𝑽𝒊 𝒕
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 2) when 𝑽𝒔 𝒕 < 𝟎

∴ 𝑽𝒊 𝒕 < 𝟎

∴ 𝑫𝟏 and 𝑫𝟑 are off

∴ 𝑫𝟐 and 𝑫𝟒 are on

2π π 
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∴ 𝑽𝒐 𝒕 = −𝑽𝒊 𝒕

∴ For the complete cycle of 𝑽𝒊 𝒕



 ∴ For Bridge full-wave rectifier 

 𝑽𝒐,𝒂𝒗 =
𝟏

𝑻
 𝟎
𝑻
𝑽𝒐 𝒕 𝒅𝒕

𝑽𝒐,𝒂𝒗 =
𝟐𝑽𝒎

𝝅

 𝑻 =
𝟏

𝟐
𝑻𝒐

 𝒇 = 𝟐𝒇𝒐

 To calculate the PIV of the D3 

 𝑽𝒊 𝒕 < 𝟎

𝑽𝑫𝟑 𝒕 = 𝑽𝒊 𝒕

∴ 𝑽𝑫𝟑(𝒕),𝒎𝒂𝒙 = −𝑽𝒎 ∴ PIV= −𝑽𝒎

2π π 
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The Fourier Series of Selected Waveforms 

Filter



FilterRectifier

Filter: used to smooth out the pulsating 

dc produced by the rectifier by removing 

its ac ripple contents and passing its dc 

component ( average value)

DC

ideal

+

-

n:1

C

Transformer



Simplified Circuit

A) when 𝑽𝒊 𝒕 > 𝑽𝒄 𝒕

Diode is on and

𝑽𝑳 𝒕 = 𝑽𝒄 𝒕 = 𝑽𝒊 𝒕

B) when 𝑽𝒊 𝒕 < 𝑽𝒄 𝒕

Diode is off and the 
capacitor starts discharging

𝑉𝑖(𝑡) 

ideal

+

-

𝑅𝐿  𝑉𝐿(𝑡) 
C

Diode is off Diode is on

t1 t2

Approximated



 Ripple factor is an indicator for the effectiveness of the 

filter

𝒓 =
𝑹𝑴𝑺(𝒓𝒊𝒑𝒑𝒍𝒆 𝒗𝒐𝒍𝒕𝒂𝒈𝒆)

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝒗𝒂𝒍𝒖𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒐𝒖𝒕𝒑𝒖𝒕 𝒔𝒊𝒈𝒏𝒂𝒍
× 𝟏𝟎𝟎%

 The output signal can be approximated as shown 

Ripple 
voltage

+

𝑽𝑳𝒓(𝒕)

𝑽𝑳 𝒕 = 𝑽𝑳,𝒅𝒄 +𝑽𝑳𝒓(𝒕)
𝑽𝑳 𝒕



 𝑽𝑳,𝒅𝒄 = 𝑽𝑳,𝒂𝒗 =
𝟏

𝑻
 𝟎
𝑻
𝑽𝑳 𝒕 𝒅𝒕

𝑽𝑳,𝒅𝒄 =
𝟏

𝑻
. area 

=
𝟏

𝑻
(𝟖𝑻 +

𝟐.𝑻

𝟐
)

𝑽𝑳,𝒅𝒄 = 𝟗 𝑽

OR 

 𝑽𝑳,𝒅𝒄 = 𝑽𝒎 −
𝟏

𝟐
𝑽𝑳𝒓,𝒑−𝒑

where 𝑽𝒎 = 𝟏𝟎 𝑽

𝑽𝑳𝒓,𝒑−𝒑 = 𝟐 V p-p

∴ 𝑽𝑳,𝒅𝒄= 𝟏𝟎 −
𝟏

𝟐
𝟐 = 𝟗𝑽

T

10

8

Example VL(t)



Also for a triangle signal, the 𝑹𝑴𝑺 𝒗𝒂𝒍𝒖𝒆 =
𝑷𝒆𝒂𝒌 𝑽𝒂𝒍𝒖𝒆

√𝟑

or 𝑹𝑴𝑺 𝒗𝒂𝒍𝒖𝒆 =
𝑷𝒆𝒂𝒌−𝒕𝒐−𝒑𝒆𝒂𝒌 𝑽𝒂𝒍𝒖𝒆

𝟐√𝟑

=
𝑽𝑳𝒓,𝒑−𝒑

𝟐√𝟑

∴ 𝒓 =

𝑽𝑳𝒓,𝒑−𝒑

𝟐√𝟑

𝑽𝒎−
𝟏

𝟐
𝑽𝑳𝒓,𝒑−𝒑

× 𝟏𝟎𝟎%

∴ To determine the ripple factor we need to find 𝑽𝑳𝒓,𝒑−𝒑



Ripple Factor 

For 𝒕𝟐 > 𝒕 > 𝒕𝟏

𝑽𝑳 𝒕 = 𝑽𝒎 𝒆−(𝒕−𝒕𝟏)/𝑹𝑪

𝑽𝑳𝒓,𝒑−𝒑 = 𝑽𝑳 𝒕𝟏 − 𝑽𝑳 𝒕𝟐

𝑽𝑳𝒓,𝒑−𝒑 = 𝑽𝒎 −𝑽𝒎 𝒆−(𝒕𝟐−𝒕𝟏)/𝑹𝑪

𝑽𝑳𝒓,𝒑−𝒑 = 𝑽𝒎 (𝟏 − 𝒆−(𝒕𝟐−𝒕𝟏)/𝑹𝑪 )

Using 𝒆−𝒙 ≅ 𝟏 − 𝒙

𝑽𝑳𝒓,𝒑−𝒑 =
𝑽𝒎(𝒕𝟐−𝒕𝟏)

𝑹𝑪

𝑽𝑳,𝒅𝒄 = 𝑽𝒎 −
𝟏

𝟐
𝑽𝑳𝒓,𝒑−𝒑

t1 t2

𝑽𝑳 𝒕𝟏

𝑽𝑳 𝒕𝟐



 For half-wave rectifier

 𝒕𝟐 − 𝒕𝟏 ≈ 𝑻𝒐 =
𝟏

𝒇𝒐

∴ 𝑽𝑳𝒓,𝒑−𝒑= 𝑽𝒎
𝟏

𝒇𝒐𝑹𝑪

 𝑽𝑳,𝒅𝒄 = 𝑽𝒎(𝟏 −
𝟏

𝟐𝒇𝒐𝑹𝑪
)

 𝑽𝑳,𝒓 𝒓𝒎𝒔
=

𝑽𝑳𝒓,𝒑−𝒑

𝟐 𝟑

𝑽𝑳,𝒓 𝒓𝒎𝒔
=

𝑽𝒎

𝟐 𝟑 𝒇𝒐𝑹𝑪

 𝒓 =
𝑽𝑳,𝒓 𝒓𝒎𝒔

𝑽𝑳,𝒅𝒄
× 𝟏𝟎𝟎%

𝒓 =
𝟏

𝟑 (𝟐𝒇𝒐𝑹𝑪−𝟏)
× 𝟏𝟎𝟎%

t1 t2

𝑽𝑳 𝒕𝟐
𝑽𝑳 𝒕𝟏



 For full-wave rectifier 

 𝒕𝟐 − 𝒕𝟏 ≈
𝟏

𝟐
𝑻𝒐 =

𝟏

𝟐𝒇𝒐

∴ 𝑽𝑳𝒓,𝒑−𝒑= 𝑽𝒎
𝟏

𝟐𝒇𝒐𝑹𝑪

 𝑽𝑳,𝒅𝒄 = 𝑽𝒎(𝟏 −
𝟏

𝟒𝒇𝒐𝑹𝑪
)

𝑽𝑳,𝒓 𝒓𝒎𝒔
=

𝑽𝒎

𝟒 𝟑 𝒇𝒐𝑹𝑪

𝒓 =
𝟏

𝟑 (𝟒𝒇𝒐𝑹𝑪 − 𝟏)
× 𝟏𝟎𝟎%

𝑽𝑳 𝒕𝟏 𝑽𝑳 𝒕𝟐



Example

 𝑽𝑳,𝒅𝒄 = 𝑉𝑚 −
𝑉𝑚

𝟒𝒇𝒐 𝑹𝑳 𝑪
= 𝟒𝟏. 𝟓𝟒 𝑽

 𝑽𝑳𝒓,𝒑−𝒑 =
𝑽𝒎

𝟐𝒇𝒐 𝑹𝑳 𝑪
= 𝟏. 𝟕𝟔𝟕𝟕 𝑽

 RMS (ripple voltage) =
𝑽𝑳𝒓,𝒑−𝒑

𝟐 𝟑
= 𝟎. 𝟓𝟏𝑽 𝒓𝒎𝒔

∴ 𝒓 =
𝟎.𝟓𝟏

𝟒𝟏.𝟓𝟒
× 𝟏𝟎𝟎%

𝒓 = 𝟏. 𝟐𝟐𝟕𝟕 %

Find the ripple factor r
30V rms

60Hz

C = 1000µF

RL = 200  

Vo(t)

𝑽𝒎 = 𝟑𝟎 𝟐 = 𝟒𝟐. 𝟒𝟑 𝑽


