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Experiment 11 : Study of an operational amplifier.
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Preliminary questions

1.
State the meaning of “open-loop configuration” for an operational amplifier.

2.
What is the meaning of “negative feedback” for an operational amplifier?

3.
Which mode of an operational amplifier is suitable for amplifying signals?
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Experiment 11 : Study of an operational amplifier.

Objective


Study the operational amplifier as an inverting amplifier.

Apparatus


1.
operational amplifier module (1)


2.
15 V d.c. power supply (dual) (1)


3.
100 μA base meter (2)


4.
5 V, 10 V and 50 V multipliers (@ 2)


5.
1 mA, 10 mA and 100 mA shunts (@ 2)


6.
signal generator


7.
oscilloscope with dual trace (1)

Experiment 1 : Currents of an operational amplifier

Setup
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Procedure 1







Procedure 4

Procedures

1.
By applying +VS to P and earthing Q, set the potentiometer such that it gives positive voltage. Connect the circuit as shown above.

2.
Adjust the potentiometer to find the largest ammeter reading. Decide the current step size such that at least five pairs of readings in the milliammeters can be obtained. Record the results in Table 1 with current flowing to the right taken as positive.

3.
Replace the 100 kΩ input resistor with a 10 kΩ resistor. Repeat procedure 2 and record the results in Table 2.

4.
By earthing P and applying –VS to Q, change the sign of input voltage. Repeat procedure 2 and record the results in Table 3.

5.
From these results, what can you say about the input resistance of the operational amplifier?

Precautions

1.
The power supply should always be turned off when connecting the circuit.

2.
Pay attention to the polarities of the meters.

3.
Test the potentiometer with a voltmeter before use. Before the start of the experiment, the potentiometer should also be set to zero.


4.
The polarities of the meters may need to reverse as the input voltage is reversed.

Data

	Iin (  )
	
	
	
	
	

	If (  )
	
	
	
	
	


Table 1
	Iin (  )
	
	
	
	
	

	If (  )
	
	
	
	
	


Table 2
	Iin (  )
	
	
	
	
	

	If (  )
	
	
	
	
	


Table 3
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Conclusion

Experiment 2 : Voltage and current at the input

Setup
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Procedure 1







Procedure 5

Procedures

1.
By applying +VS to P and earthing Q, set the potentiometer such that it gives positive voltage. Connect the circuit as shown above.

2.
Adjust the potentiometer to find the largest ammeter and voltmeter readings. Decide the voltage step size such that at least five pairs of readings in the meters can be obtained. Record the results in Table 4 with current flowing to the left taken as positive.

3.
Calculate the average resistance and compare it with the marked value.

4.
Replace the 10 kΩ input resistor with a 100 kΩ resistor. Repeat procedure 2 and 3 and record the results in Table 5.

4.
By earthing P and applying –VS to Q, change the sign of input voltage. Repeat procedure 2 and 3 and record the results in Table 6.

5.
From these results, what can you say about the relationship between Vin and Iin?

Data

	Vin (  )
	
	
	
	
	

	Iin (  )
	
	
	
	
	

	R = Vin / Iin (  )
	
	
	
	
	

	
	
	
	Average R (   )
	


Table 4

In compared with the marked value, what can you say about the average R?

	Vin (  )
	
	
	
	
	

	Iin (  )
	
	
	
	
	

	R = Vin / Iin (  )
	
	
	
	
	

	
	
	
	Average R (   )
	


Table 5

In compared with the marked value, what can you say about the average R?

	Vin (  )
	
	
	
	
	

	Iin (  )
	
	
	
	
	

	R = Vin / Iin (  )
	
	
	
	
	

	
	
	
	Average R (   )
	


Table 6
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In compared with the marked value, what can you say about the average R?

Conclusion

Experiment 3 : Input and output voltages

Setup
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Procedure 1







Procedure 4

Procedures

1.
By applying +VS to P and earthing Q, set the potentiometer such that it gives positive voltage. Connect the circuit as shown above.

2.
Adjust the potentiometer to find the largest output (saturated) voltage. Also find the range of the input voltage that causes saturation.

3.
Decide the voltage step size such that at least seven pairs of readings in the meters can be obtained. Record the results in Table 7.

4.
By earthing P and applying –VS to Q, change the sign of input voltage. Repeat procedure 2 and 3 and record the results in Table 8.

Data


The largest output voltage in procedure 2 











The range of input voltage that causes saturation 









	Vin(   )
	
	
	
	
	
	
	
	
	
	

	Vout (  )
	
	
	
	
	
	
	
	
	
	


Table 7
	Vin(   )
	
	
	
	
	
	
	
	
	
	

	Vout (  )
	
	
	
	
	
	
	
	
	
	


Table 8
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Calculations and graphs

1.
Plot Vout against Vin as Graph 1. Hence find the voltage gain of the inverting amplifier and the relationship between this voltage gain and Rin and Rf. Write down the range of input voltages such that the operational amplifier can amplify signals without distortion.


Voltage Gain


















Relationship with Rin and Rf















Range of input voltages for undistorted output










Experiment 4 : Amplifying a.c. signals

Setup
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Procedures

1.
Set the signal generator to gives 1 000 Hz sine wave and set the CRO to display waveform. Connect the circuit shown above.

2.
Change the voltage output of the signal generator to give two displays: with and without distortion. Sketch them in Figure 1 and 2 respectively.

3.
Find the voltage gain of the inverting amplifier by measuring the amplitudes of the input and output waveform. Make sure the voltage-variable of the CRO is turned to “CALD”.

Precautions

1.
Before the using of the signal generator and the CRO, test the output of the signal generator by directly connecting it to the CRO. Tune the frequency to 1 000 Hz, set the time-base of the CRO to view two complete cycles on the screen. If needed, turn the “trigger” to “AUTO” and gradually adjust the trigger levels until a steady curve appears on the screen.

2.
The o V line of the op-amp module is always connected with the earthed terminals of the signal generator and the CRO.

Data
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Figure 1 (With distortion)


  Figure 2 (Without distortion)

Voltage amplitude of input waveform 













Voltage amplitude of output waveform 













Voltage gain 

















Discussion


1.
How accurate is the statement “The currents through Rf and Rin are the same.” ?

2.
How accurate is the statement “The difference in voltage between the input terminals is zero with negative feedback.” ?

3.
The inverting input of an inverting amplifier is “virtually earthed”. State the difference if we really earth the inverting input by connecting it to the 0 V line.

Conclusion
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