
amplifiers – simulation
Using Crocodile Physics to investigate the operation of Amplifiers
Important information before you start:
· Follow the directions, recording all results and answering all discussion questions in your log-book. You may use a spreadsheet when recording tables of results and drawing graphs (but make sure that you know how to use the spreadsheet correctly). 
· All circuits will be modelled using Crocodile Physics. Some circuits are already set up in the - Models\Examples\Electronics Examples folder within Crocodile Physics. Others you will have to modify or create yourself.
· Ask your teacher if you are unsure or when things don’t seem to be working as expected.
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Experiment 1:
Graphing Amplifiers

Method:
1. Open Crocodile Physics 4.01

2. [image: image1.wmf]Open the folder ‘Example Models\Examples\Electronics Examples and select the Operational Amplifier simulation shown below. 







You will have to change the supply voltage from 12 and -12 to 18 and -18 volts before starting this part of the investigation.









3. By moving the on the slider, vary the input voltage and measure the output voltage. 
Tabulate your results as shown below.


	Vin (μV)
	-900
	-810
	-720
	-630
	-540
	-450
	-360
	-240
	-180
	-90
	   0  

	Vout (V)
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Vin (μV)
	900
	810
	720
	630
	540
	450
	360
	240
	180
	90
	   0  

	Vout (V)
	
	
	
	
	
	
	
	
	
	
	


4. Plot a graph of the output voltage against the input voltage.

Discussion questions:
1. What do you notice when the input voltage increases?

2. What happens to the output voltage when the input voltage is negative?

3. What do you notice when the input voltage gets bigger than 630 microvolts?

4. Calculate the gradient of the straight section of your graph.

5. How much bigger is the output voltage than the input voltage?

Conclusion:


Experiment 2:
inverting amplifiers

Method:
5. Open Crocodile Physics 4.01

6. Open the folder ‘Example Models\Examples\Electronics Examples and select the x10 Inverting Amplifier simulation shown below. 
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7. By moving the on the slider, vary the input voltage and measure the output voltage. 
Tabulate your results as shown below.


	Vin (V)
	-1.0
	-0.8
	-0.6
	-0.4
	-0.2
	0
	0.2
	0.4
	0.6
	0.8
	  1.0  

	Vout (V)
	
	
	
	
	
	
	
	
	
	
	


8. Plot a graph of the output voltage against the input voltage.
9. You will need to change the input voltage from a maximum of 1volt to a maximum of -1volt to do the negative values.


Discussion questions:
6. What do you notice when the input voltage increases?

7. What happens to the output voltage when the input voltage is negative?

8. What do you notice when the input voltage gets bigger than 650 millivolts?

9. Calculate the gradient of the straight section of your graph.

10. How much bigger is the output voltage than the input voltage?

Conclusion:



Experiment 3:
non-inverting amplifiers

Method:
1. Open Crocodile Physics 4.01

2. Open the folder ‘Example Models\Examples\Electronics Examples and select the x10 Non-Inverting Amplifier simulation shown below. 
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3. By moving the on the slider, vary the input voltage and measure the output voltage. 
Tabulate your results as shown below.


	Vin (V)
	-1.0
	-0.8
	-0.6
	-0.4
	-0.2
	0
	0.2
	0.4
	0.6
	0.8
	  1.0  

	Vout (V)
	
	
	
	
	
	
	
	
	
	
	


4. Plot a graph of the output voltage against the input voltage.

5. You will need to change the input voltage from a maximum of 1volt to a maximum of -1volt to do the negative values.


Discussion questions:
1. What do you notice when the input voltage increases?

2. What happens to the output voltage when the input voltage is negative?

3. What do you notice when the input voltage gets bigger than 650 millivolts?

4. Calculate the gradient of the straight section of your graph.

5. How much bigger is the output voltage than the input voltage?

Conclusion:


Experiment 4:
amplifying ac voltages

Method:
1. Open Crocodile Physics 4.01
2. Go to ‘File’ then select ‘new’ and create the circuit below using electronic symbols.
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3. You will need to change the alternating supply to a frequency of 0.5 Hz and a maximum voltage of 1 volt.

4. You will also need to add two probes and a graph to show the voltage.

5. Change the time base on the graph to 10 seconds.

6. Sketch (or copy) a graph of the red and blue voltages. Note that you can pause the graphing function in crocodile physics.

Discussion questions:
1. Is this an inverting or non-inverting amplifier?

2. Why aren’t you getting an exact representation of the input voltage on the output voltage?

3. Can you calculate the gain of the amplifier?

Conclusion:


Experiment 5:
amplifying ac voltages

Method:
1. Open Crocodile Physics 4.01
2. Go to ‘File’ then select ‘new’ and create the circuit below using electronic symbols.
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3. You will need to change the alternating supply to a frequency of 0.5 Hz and a maximum voltage of 0.5 volt.

4. You will also need to add two probes and a graph to show the voltage.

5. Change the time base on the graph to 10 seconds.

6. Sketch (or copy) a graph of the red and blue voltages.

7. Change the input voltage so that you are adding a DC voltage to the already alternating voltage. To do this double click on the symbol for the AC supply and then go to the offsets drop-down menu. Write 0.4 in the Voltage Offset box. This will add 0.4 volts DC to the alternating input supply throughout its cycle.
8. Sketch (or copy) a graph of the resulting input and output voltages.

9. Change the input voltage so that you are adding a negative DC voltage to the already alternating voltage. To do this double click on the symbol for the AC supply and then go to the offsets drop-down menu. Write -0.4 in the Voltage Offset box. This will subtract 0.4 volts DC from the alternating supply throughout its cycle.

10. Sketch (or copy) a graph of the resulting input and output voltages.

Discussion questions:
1. What was the gain of the amplifier?

2. What happened to the input supply voltage when a DC input was added?

3. What happened to the output voltage when the DC input was added?

4. What happened to the input supply voltage when a negative DC input was added?

5. What happened to the output voltage when the negative DC input was added?

6. What implications do you think this experiment has on the type of input we can use in amplifiers?

7. What must we ensure at the input to get the biggest range of signals amplified correctly?
Conclusion:


Experiment 6:
transistors as amplifiers
Method:
1. Open Crocodile Physics 4.01

2. Go to ‘File’ then select ‘new’ and create the circuit below using electronic symbols.
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3. You will need to change the alternating supply to a frequency of 0.5 Hz and a maximum voltage of 1 volt.

4. You will also need to add two probes and a graph to show the voltage.

5. Change the time base on the graph to 10 seconds.

6. Sketch (or copy) a graph of the red and blue voltages. 

7. Change the input voltage so that you are adding a DC voltage to the already alternating voltage. To do this double click on the symbol for the AC supply and then go to the offsets drop-down menu. Write 1.5 in the Voltage Offset box. This will add 1.5 volts DC to the alternating input supply throughout its cycle.

8. Sketch (or copy) a graph of the resulting input and output voltages.

9. Change the input voltage so that you are adding a negative DC voltage to the already alternating voltage. To do this double click on the symbol for the AC supply and then go to the offsets drop-down menu. Write -2.5 in the Voltage Offset box. This will subtract 2.5 volts DC from the alternating supply throughout its cycle.

10. Sketch (or copy) a graph of the resulting input and output voltages.

Discussion questions:
1. What was the gain of the amplifier?

2. What happened to the input supply voltage when a DC input was added?

3. What happened to the output voltage when the DC input was added?

4. What happened to the input supply voltage when a negative DC input was added?

5. What happened to the output voltage when the negative DC input was added?

6. What implications do you think this experiment has on the type of input we can use in amplifiers?

7. What must we ensure at the input to get the biggest range of signals amplified correctly?
Conclusion:
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