


OPERATIONAL AMPLIFIERS

· An operational amplifiers (op-amp.) is an 8 terminal Integrated Circuit(I.C.).

· It is a high gain amplifier capable of amplifying both a.c. and d.c.

· By simply connecting a power supply to pins 4 and 7 and by connecting a few resistors around the device, as shown below, it is possible to make several different types of amplifier.
0



· The 741 op-amp. is an industry standard, a classic of the past, but has now been superseded by several more advanced pin compatible models such as TL071 and OPA603 FET input op-amps.

Such devices have numerous applications within the general field of electronics



Four popular fundamental  configurations are shown below:

· the Inverting Amplifier configuration

· the Non-Inverting configuration

· the Difference Amplifier configuration ( Subtractor )

· The Summing amplifier configuration.
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THE OP-AMP. SUMMING AMPLIFIER

· This circuit is capable of summing and amplifying two or more input voltages.
     																																                     SUMMING AMPLIFIER




· Currents due to V1 and V2 are added and then multiplied by R2/R1. The minus sign simply indicates that the output voltage polarity ( a.c. or d.c.) will be inverted relative to the inputs.

																																																		
Assuming V1 = 2 V and V2 = 4V, R1 = 1k and R2= 2k

Then Vo =  -  2k . ( 2 + 4 )  =  - 12 V
                     1k

If R1 = R2 then 

 Vo = - ( V1 + V2 ) i.e. the voltages have been added.

DIFFERENTIAL AMPLIFIER ( SUBTRACTOR)


The purpose of a  differential amplifier is to amplify the difference between two voltages presented to the input terminals of the amplifier example is shown below:
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V2




[bookmark: _GoBack]Vout = R2 x ( V2 –V1)
            R1

Supposing V1 = 2V and V2 = 1.5 volts and  R1 = 1k and  R2 = 2k, the output voltage will then be given by:

Vout = 2k x ( 1.5 – 2 )  = 2 x –0.5  = -1V
	1k

Note:
1. it is the difference between input that is amplified
2. V1 and or V2 may be negative
3. one or both inputs may be dc or ac
4. one or both inputs may be composite
5. any noise in the vicinity of the leads will tend to be identical on both leads and hence will cancel out when subtracted by the differential amplifier.
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THE INVERTING OPERATIONAL AMPLIFIER

THE INVERTING OPERATIONAL AMPLIFIER

This circuit is capable of 

amplifying small a.c. or d.c. 

voltages.

It inverts its input i.e. it 

changes positive d.c. voltages 

to negative and vice versa.

Alternatively it can invert an 

a.c. signal: a positive going 

input causes the output to go 

negative.
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THE INVERTING OPERATIONAL AMPLIFIER

This circuit is capable of amplifying small a.c. or d.c. voltages.



It inverts its input i.e. it changes positive d.c. voltages to negative and vice versa.



Alternatively it can invert an a.c. signal: a positive going input causes the output to go negative.					 
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Assuming R2 = 10k and R1 = 1k 

then:

If  V1 = 1.1v then 

Vo = 

-

10k

x 1.1 = 

-

11V 

1k

If V1 = 

-

0.5v then 

Vo = 

-

10k

x 

-

0.5 = 

5V

1k

If Vi = 1V pkpk sinewave then 

Vo = 10 V pkpk sinewave but 

inverted.
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Assuming R2 = 10k and R1 = 1k then:



If  V1 = 1.1v then 

Vo = -10k x 1.1 = -11V 

           1k

                                     

If V1 = -0.5v then 

Vo = -10k x -0.5 = 5V

           1k



If Vi = 1V pkpk sinewave then 



Vo = 10 V pkpk sinewave but inverted.
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INVERTING OPERATIONAL AMPLIFIER

This arrangement obviously 

does not invert. NO  - ve sign
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THE NON-INVERTING OPERATIONAL AMPLIFIER

This arrangement obviously does not invert. NO  - ve sign









Non-inverting Amplifier

R1
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Assuming R1 = 1k and R2 = 9k

If  V1 = 1v then 

Vo = [1 + 9k ] x 1 = 10V

1k

If V1 = -0.5v then

Vo =[1 +9k] x -0.5 = -5V

1k

If Vi = 1V pkpk sinewave then 

Vo = 10 V pkpk sinewave but 

not inverted.

It has a very high input 

resistance.

It has a very low output 

resistance.
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Assuming R1 = 1k and R2 = 9k

If  V1 = 1v then 

Vo = [1 + 9k ] x 1 = 10V

	   1k

                                     

If V1 = -0.5v then

Vo =[1 +9k] x -0.5 = -5V

              1k



If Vi = 1V pkpk sinewave then 



Vo = 10 V pkpk sinewave but not inverted.



It has a very high input resistance.



It has a very low output resistance.







Non-inverting Amplifier

R1
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Note:

The 

GAIN 

of the amplifier is given by 

1 + R2/R1

The

gain

can 

never

be 

less than 1,

so it can’t be 

used as an attenuator.

It does not invert!

We can make the gain controllable by making either 

R1 or R2 variable.
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	Note:

	The GAIN of the amplifier is given by 1 + R2/R1



	The gain can never be less than 1,so it can’t be used as an attenuator.



	It does not invert!



	We can make the gain controllable by making either R1 or R2 variable.
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