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Feedback with ideal op-amp
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Feedback:  systems representation
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This might represent a physical system with feedback:
Car anti-lock braking 
Electronic feedback control of aircraft roll, pitch, or yaw
Car anti-rollover protection
Fuel/air mixture control in car engine
Robotics: position of mechanical arm
....

It is widely stated that feedback increases bandwidth...
once we ensure that the feedback is stable, this may or may not be true.
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Effect of Feedback on Single-Pole System (1)
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Consider a frequency-independent feedback factor :
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Effect of Feedback on Single-Pole System (2)
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Effect of Feedback on Single-Pole System (3)
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Effect of Feedback on Single-Pole System (4)
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Effect of Feedback on Single-Pole System (5)

Step response, no feedback

Step response, with feedback
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Effect of Feedback on Single-Pole System (6)
,

0

0

, 0

( )
1 /

( )
( ) ( )

( )
1 /

1 ( )( )
( ) 1 ( )

As we apply increasing amounts of negative feedback,
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Effect of Feedback on Two-Pole System (1)
, ,

2
1 2 1 2 1 2

,
1 1 2 2 1 22

1 2

0

, 0 0
2 2

1 2 1 2

( ) = 
(1 / )(1 / ) 1 (1/ 1/ ) /

          =  where (1/ 1/ ) and 1/
1

( )
(( ) ( ) ( )

1 1

OL DC OL DC
OL

OL OL OL OL OL OL

OL DC
OL OL OL OL

OL DC T
OL

A A
A s

s s s s
A

a a
a s a s

s
A T N sT s A s s
a s a s a s a s

ω ω ω ω ω ω

ω ω ω ω

β β
β

β

=
+ + + + +

= + =
+ +

=

= = = =
+ + + +

( )

0 0
2

20 1 2 0 0 1 2

0

0

0

, 2 2

)
( )

/1 ( ) 1 1( ) = =
( ) 1 ( ) ( ) 1 / ( )

1 1 1( )
1

1
1 1

1( )
1 2 / /

  

1

T

T T T
CL

T T T T

CL

CL CL DC
n n

D s
N D NT sA s

s T s s N D s N D
T TA s
a s a s T a as s

T T

A s A
s s

T

β β β

β β

ζ ω ω

=
+ + +

= =
+ + +    

+ +   + +

+

  

=
+ +



11

class notes, M. Rodwell, copyrighted 2012-2023

Effect of Feedback on Two-Pole System (2)
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Effect of Feedback on Two-Pole System (3)
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Effect of Feedback on Two-Pole System (3)
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Effect of Feedback on Two-Pole System (5)
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Effect of Feedback on Two-Pole System (5)
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Effect of Feedback on Two-Pole System (6)
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Effect of Feedback on Three-Pole System (1)
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Effect of Feedback on Three-Pole System (2)
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Comments
Feedback is used in transistor circuits.

Feedback is used in far, far more things than transistor circuits.
In general, the subject is called "control system theory".

There are 10-week undergraduate courses in control systems.

There's enough material for 4-8 Ph.D. -level courses in control systems.

We are just learning the basics.


