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Computer Simulation of Electronics Circuits to Aid Understanding

David Crocker

Bendigo Senior Secondary College

What is Crocodile Clips?

The understanding of electronic circuits is fundamental to our comprehension of modern technology. Yet most of us have little understanding. Why?

In everyday life we see how mechanical  principles work but we do not see how electronic circuits work. Traditionally, we have learnt the concepts of electricity and electronics using mathematical models. These models are important for those who need a deep understanding of circuits but are a barrier for many of us.  A more qualitative approach to learning electronics widens the accessibility of the subject. Crocodile Clips is a software package designed to support this approach.

For many years, designers of electrical and electronic circuits have used computers to simulate their designs. They do this to ensure that their designs work before proceeding to costly production. Educationalists, however, have relied more on laboratory experimentation to demonstrate circuit principles. Unfortunately, laboratory work can be slow and unreliable.
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Crocodile Clips is a real time circuit simulator which uses animation to demonstrate the invisible concepts of electronic circuits. If you switch on a torch you see the light from the bulb. If you switch on a torch in Crocodile Clips you see the light from the bulb and you also see the current flowing through the bulb and the voltage across it. If the voltage across the bulb is too high then it is destroyed, just like a real bulb.

Using Crocodile Clips is easy. You draw a circuit by dragging components from a large library of components. Then you can see what happens when you operate switches, change component values, add other components or modify the circuit.

Crocodile Clips comes with a set of 'ready-to-use' example circuits. These cover a range of topics from 'Ohm's Law' to 'diode rectification'.

Adding Components

A circuit is drawn by selecting components from the large component library and then by wiring them together. 

You can add components from:

1.
The Main Toolbar.

2.
The  Component Toolbars.

3.
The Edit Menu.

To add a component from the Main Toolbar you simply drag the component you want to add into the circuit window. This is the quickest way to add a component but limits you to the components visible in the main toolbar:
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To add a component by dragging

1.
Move the mouse pointer over the component you want to add.

2.
Press the left mouse key and move the mouse while keeping the mouse key pressed. The component will follow the pointer.

3.
Release the mouse key at the place you want to leave the component. 

There are some places where you are not allowed to leave a component. For example, a component cannot be placed on top of another component. The mouse pointer will change its appearance from a cross to a no-go sign if the place is not suitable.

Dragging pointer:
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No-Go pointer:
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Only release the mouse key if the Dragging pointer is shown. Otherwise the component will be either be placed at a default position or automatically deleted.

Wiring Components Together

If the leads of two components touch each other then the leads are connected. To connect leads which do not touch you must add wires.

Wires can drawn between:

1.
The end of a lead and the end of another lead.

2.
The end of a lead and a point on another wire.

3.
A point on a wire and a point on another wire.

Wires are made up from horizontal or vertical wire segments. Angled wires are not permitted.

Reel-of-Wire: 
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Connection: [image: image7.png]




No-Go: [image: image8.png]





Mouse pointers used during wiring

To add a wire

1.
Move the mouse pointer to the end of a lead or to a point on a wire.

2.
Click the mouse key. The mouse pointer changes to the Reel-of-Wire and all of the leads are re-drawn as dotted lines. You can only wire from the end of a lead or from any point on a wire. 

3.
Move the mouse away from the starting point and a wire is drawn from the point to the Reel-of-Wire. Since wire segments can only be horizontal or vertical, draw in one direction first and then in the other direction. 

4.
To add additional horizontal and vertical wire segments click on the mouse key.

5.
Move the Reel-of-Wire pointer  to the wire or lead you wish to connect to. If you are allowed to make a connection, the Reel-of-Wire pointer changes to the Connection pointer.

6.
To complete the wire, click on the mouse key.

To delete the wire which you are drawing

Click on the mouse key twice at the same point. A dialog box will appear to ask you whether you want to delete the wire.

Changing Component Values

Some components have a value that appears next to the component symbol. For example, batteries have a voltage shown to the left of the symbol.
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To change a component value move the mouse pointer over the value and click the mouse key. The Component Value dialog box then appears.

There are two parts to a component value, a 4 digit number between 0.1 and 9999 and a multiplier letter. To change the number click on the white box which contains the current number and type in a new number.

The multiplier scales the value by the factor shown below:


Multiplier
Name
Factor


M:

mega
x 1 000 000


k:

kilo
x 1 000


(blank):

unity
x 1


m:

milli
x 0.001


µ:

micro
x 0.000 001


n:

nano
x 0.000 000 001


p:

pico
x 0.000 000 000 001

To change the multiplier, click on one of the circles in the Value Multiplier box.

Voltmeters

To measure voltage, add a voltmeter in the same way in which you would add any component.

The voltmeter looks like    [image: image10.png]



and
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The voltmeter measures the voltage across its two terminals and has a range which depends on whether the 'meter autorange' option is selected:

Default range:

± 0.01V    to   ± 9999V

Autorange option: 
± 0.01µV  to   ± 9999V

. 

Charging and Discharging of Capacitors
Aim:
to investigate the charging and discharging characteristics for a variety of

capacitors and determine how the capacitance influences the charging rate of a capacitor.

Circuit:
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Instructions:

1.
a. Create the above circuit with the battery, switch, capacitor and resistor in series as shown.

b. Connect the oscilloscope probe above the capacitor.

2. Save the file.

3. Set the Oscilloscope Controls as shown
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4. Adjust the window containing the oscilloscope display to show a convenient vertical scale.

5. Press the switch to the up position to complete the outside circuit and start charging the capacitor.

6. After the capacitor reaches full charge at 10 V press the switch to the down position to complete the right hand circuit and start discharging the capacitor.

7. Print the circuit and oscilloscope display

8. Repeat the experiment for at least two other capacitors (20 (F and 50  (F)

Analysis:

1. What is the time constant for each case investigated?

2. How long did it take for the capacitor to fully charge or fully discharge?

3. When charging the capacitor, what was the voltage across the capacitor after one time constant?

4. When discharging the capacitor, what was the voltage across the capacitor after one time constant?
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Half Wave Rectification
Aim:
to investigate the behaviour characteristics of a half wave rectification circuit.

Circuit:
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Instructions:

1.
a. Create the above circuit with the AC supply, diode, and resistor in series as shown.

b. Connect the oscilloscope probe above the capacitor.

2.
Save the file.

3.
Set the AC supply as shown
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4. Set the Oscilloscope Controls as shown

[image: image17.png]Maximum Voltage: Time per Division:  [5. [13

Time Units

Cancel

Minimun Voltage: 5

C's (seconds)

Voltage Units  ms [milli-seconds)

Default
o0 (@ ey
P " ps [pico-seconds)

Trigger Options Diferential Voltage Measuement
I~ Automatic ™ RedTrace = Red Probe - Blue Probe

7 Trigger on Switch Operation I™ Purple Trace = Purple Probe - Green Probe.





5. What is the period of the input signal?

6. What is the peak voltage reached by the input signal?

7. Add another oscilloscope probe to the resistor to measure the output voltage across the resistor on the oscilloscope display

8. Print the circuit and oscilloscope display

9. What is the peak voltage reached by the output signal?

10. What is the period of the output signal?

11. Add a capacitor (1 (F) to the circuit to enable smoothing to take place.
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12. Move the oscilloscope probe to the resistor and measure the output voltage across the resistor on the oscilloscope display.

13. Print the circuit and oscilloscope display.

14. Sketch the original output signal (before adding the capacitor) onto this output.

15. What is the time constant for this circuit?

16. Explain how the capacitor helps to smooth the output signal.

17. Change the capacitor to produce a smoother output signal.

18. Print the circuit and the oscilloscope display.

19. Sketch the original output signal (before adding the capacitor) onto this output.

20. What is the time constant for this circuit?

Aim:
to investigate the behaviour characteristics of an amplifier.

Circuit:
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Instructions:

1. a. Create the above circuit with the AC supply, amplifier as shown.
b. Connect the oscilloscope probes above the input and output signals.

2. Save the file.

3. Set the AC supply as shown
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5. Set the Oscilloscope Controls as shown
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7. Print the circuit and oscilloscope display

8. What is the peak-to-peak voltage for the input signal?

9. Change the Oscilloscope Controls to clearly display the all the output voltage.

10. Print the circuit and oscilloscope display.

11. What is the peak-to-peak voltage for the output signal?

12. What is the Gain (= (Vout/(Vin)?

13. Increase the amplitude of the input signal until the output signal is cut off (top/bottom)

14. Change the Oscilloscope Controls to clearly display the output voltage.

15. Print the circuit and oscilloscope display.

16. Explain, using a diagram, why it is cut off.

17. What type of amplifier is in the above circuit?

18. Change the circuit to have a different type of amplifier

19. Print the circuit and oscilloscope display.
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