Dwarkadas. J. Sanghvi College of Engineering
Department of Electronics Engineering

Experiment no : 02
Aim: 


i)  Design  of Integrator and Differentiator using Op-amp IC 741. 




ii) Frequency Response of Integrator and Differentiator using simulation 



program on Orcad ( Spice ) . 
Apparatus: 

Op-amp IC 741, Breadboard,  multimeter, CRO, CRO probes, resistors,




Function Generator, Dual power supply(0 – 30 V) , connecting wires , 



Computer with Software tool ( Orcad 9.2 ) installed , etc.
Circuit Diagram:
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Theory:

Integrator :




A circuit in which the output voltage is the integral of the input voltage 



waveform is the the ' integrator '. Output expression of integrator is given by :





Vo = - ( 1 / R1*CF) 0 ʃ t   (Vin dt )    ----  (1) 




Expression (1) indicates that the output voltage is directly proportional to the 


negative integral of the input voltage and inversely proportional to the time 


constant R1CF. For example , if the input is a sine wave , the output will be a 


cosine wave; or if the input is a square wave , the output will be a triangular.




The circuit shown above is of a practical integrator , at low frequencies 



(w = 0) , gain of basic integrator becomes infinite , i.e capacitor Cf  behaves as 


open circuit , thus here resistor Rf is 
connected which limits the low 



frequency gain to ( Rf / R1) and hence minimizes the variations in the output 


voltage.




Design of Integrator : 




fb = 1/ [2πR1Cf] ; 
fa = 1/ [2πRf Cf];



Generally the value of the fa and in turn R1Cf and Rf Cf values should be 



selected such that fa < fb. Here , fa is the frequency at which the gain is 0.707 


and fb is the frequency at which the gain of integrator is 0 dB or 1.




fb = ______
KHz;
  fa =fb/10;
Rf =10R1 ; Cf  = 0.01μf 




The input signal will be integrated properly if the time period of the input 



signal is larger than or equal to Rf Cf (i.e.) T ≥ R1Cf 




The integrator circuit provides a constant gain ( Rf / R1 ) for frequencies less 



than fa  and the circuit will function as integrator between frequencies fa and 



fb . 




Differentiator : 





It performs the mathematical operation of differentiation, i.e the output 




waveform is the derivative of the input waveform.  Output expression of 



differentiator is given by : 





Vo = - Rf C1 ( dVin / dt ) 





Thus the output Vo is equal to Rf C1 times the negative instantaneous rate of 



change of the input voltage. Since the differentiator performs the inverse of 



integrator's function , a cosine wave input will produce a sine wave output , 



or a triangular input will produce a square wave output.





However a basic differentiator has some practical problems. The gain of the 



( Rf / XCF ) increases with increase in frequency at a rate of 20 db/decade. 



Thus at high frequency, a differentiator may become unstable and can break 



into oscillations. Also, the input impedance XC1 decreases with increase in 



frequency , which makes the circuit very susceptible to high-frequency 




noise. When amplified, this noise can completely override the differentiated 



output signal. 





Both stability and high-frequency noise problem can be corrected by the 



addition of two components : R1 and Cf  as shown in circuit diagram of 




practical differentiator.





From frequency response of differentiator, fa is the frequency at which the 



the gain is 0dB  or unity and is given by fa = 1/ [2πRf C1] , whereas 





fb  is the frequency at which frequency response of practical differentiator 



starts decreasing at 20 dB/ decade or called as ' gain- limiting frequency' 



given by :
 fb =1/[2πR1C1].




Design of Differentiator : 





Step1: Select fa equal to the highest frequency of the input signal to be 




differentiated. Then assuming a value of C1 < 1μ F. Calculate the value of Rf. 









Step2: Choose fb = 20 fa and calculate the values of R1 and Cf so that R1C1 = 



Rf Cf.




fa = _____
KHz ; fb =_____
KHz ; 
C1 = 0.01 μf; 





fa =1/[2πRfC1]  ;
Rf =1/2πC1 fa;
fb =1/[2πR1C1];

R1=1/2πC1 fb;




The input signal will be integrated properly if the time period of the input 



signal is larger than or equal to Rf C1 (i.e.) T ≥ RfC1




The differentiator circuit will provide reasonably accurate differentiation up 



to frequency fa
Procedure:      
1. Connect the designed integrator circuit on breadboard  and give 1V p-p 


sine wave  input from function generator and observe both Vo & Vin on CRO. 




2. Repeat it for square wave input. Slowly adjust the input frequency until 


output is a good triangular waveform. Measure amplitude and frequency of 


input and output waveforms for the designed integrator circuit .




3. Connect the designed differentiator  circuit  on breadboard for the 



frequency of signal to be differentiated at 1KHz and give 1V p-p sine wave 


input from function generator and observe both Vo & Vin simultaneously on 


CRO. 




4.Repeat it for square wave input and adjust the input frequency until you 


observe spikes at output. The circuit will function as differentiator for 



frequency up to fa . 



5. For frequency response of integrator and differentiator, simulate the 



designed  on PSpice (Orcad ) and verify your observed response with that of 


practical results. 



6. Plot the input and output waveforms for integrator and differentiator for sin 


and square wave inputs on graph paper.





Observation table :





For sine wave input: 



Peak to peak amplitude of the input    = ________ volts




Frequency of the input
              = ________Hz




Peak to peak amplitude of the output   = ________volts




Frequency of the output

   = _________Hz



        For square wave input: 




        Peak to peak amplitude of the input   = _________volts




        Frequency of the input

        
    = _________Hz




        Peak to peak amplitude of the output = _________volts




         Frequency of the output                     = _________Hz

                    ( Note : For Integrator and Differentiator , separate observation table. )


 
Results: 
Application :
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