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Introductory Comments on VCE CRO Prac

This lab exercise is designed to introduce students to the Cathode Ray Oscilloscope.

They are an indispensable tool of Electronic Engineers and Electronic Technicians.  The property that makes them so useful is that they allow electrical signals to be visualised.  For example this is crucial in explaining why the RMS voltage is affected by the shape of the voltage waveform.

Unfortunately, many schools do not have a sufficient budget to buy and operate oscilloscopes (CRO's).  We can help, offering a laboratory setting with:

• 26 benches, sitting 2 students per bench (52 students maximum)

• one 20 MHz dual-channel oscilloscope per bench

• other equipment as needed, including signal generators, power supplies, cables and digital multi-meters (DMM's)

• a comfortable laboratory with carpeting, ergonomically designed chairs and benches, and air-conditioning

The CRO's we use are HAMEG 203-5 and HAMEG 203-6.  These are standard low-cost dual channel CRO's, and have proved reliable and accurate over the last ten years.  In the third year laboratory, we have Tektronix 2235 dual-channel analog CRO's.

The VCE laboratory exercise starts with a demonstration of DC and AC waveforms, which introduces the major oscilloscope controls.  An optional video explains further what these controls do and also how the CRO works internally.  The video is useful to those students who need to know how things work before they use them!

Once reasonable mastery of CRO functions and controls is attained, the students can progress to a practical example of a class of waveforms which can best be understood with a visualisation of the signal - rectified waveforms.  This stage of the experiment gives an opportunity for students to investigate the effect of more than one diode, and the presence of capacitors to store and release energy.

An optional section involves exploring Lissajous figures.  Many other waveforms can be explored, with time being the main limitation.

Jim Royston

Cathode Ray Oscilloscope Video Summary
1.
Overview of CRO

2. Vertical Amplifier

2.1 Coupling

2.2 Preamplifier/Attenuator

2.3 Delay Line / Output Amplifier

3. Triggering

3.1 Trigger Pick-Off / Shaping

3.2 Trigger Modes

4. Horizontal Timebase Generation

4.1 Timebase / Blanking

4.2 Seconds per Division / Ramp

5. CRO Display Section

5.1 Cathode Ray Tube Construction

5.2 Cathode Ray Tube Concepts / Controls

5.3 Cathode Ray Tube Driver Concepts

2. Study the following diagram of a CRO.  Identify the path which electrons follow as they travel to the screen.

[image: image1.wmf]
(a) Why does the screen glow when electrons hit it?

(b) How is the electron beam deflected to “write” on the CRO screen?  Describe the path and how it is deflected at each section in the cathode ray tube.
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1.
Aim

To study the operation of a CRO,to use the CRO as a measuring instrument, to compare it to a Digital Multimeter (DMM), to generate Lissajous figures, and to build and test a rectifier.

2.
Procedure - Basic CRO Operation

2.1
Turn on the CRO and establish a horizontal line centred on the screen.


Ensure all buttons are unpressed.  You are looking at Channel 1.

Note: Return the three red calibration knobs to their home setting.

2.2
Investigate the effect of the "x-position" knob.  Verify that it moves the waveform from left to right across the screen.

2.3
Investigate the effect of the "y-position 1" knob.  Verify that it moves the waveform from top to bottom across the screen.

2.4
Press the "Ch 1/2" button (at bottom of CRO front panel), and verify that the line on the screen is moved by the "x-position" knob and the "y-position 2" knob.  You are now looking at Channel 2.

3.
Procedure - Displaying waveforms - DC

3.1
Connect the CRO to the blue DC power supply (Tektronix CPS 250) as shown below in Figure 1.

[image: image2.wmf]
3.2
Set the CRO Channel 1 Input Selector to "DC", and set the Power Supply to "Independent".  Set the Power Supply Meter Switch to "A".

3.3
Vary the voltage of the Power Supply by adjusting the "A Voltage" knob.  Note the effect on the CRO screen.   Also note the correlation between DC voltage shown on the Power Supply meter, and the vertical off-set of the line on the CRO screen.

3.4
Set the Power Supply knob to 0 volts dc, and adjust the "y-position 1" knob to give a line centred on the screen.  Now set the CRO Vertical Scale knob to 5 V/div (volts per division).  Now adjust the Power Supply to generate 5 V dc and observe the effect.

[image: image3.wmf]
3.5
Using a Digital Multimeter (DMM) set to the 20 V dc scale, measure the dc voltage produced by the Power Supply, and verify that the CRO is giving an accurate reading.

4.
Procedure - Displaying waveforms - AC

4.1
Connect the audio signal generator to channel 1 using a coaxial cable and display a 100 Hz sine wave at the maximum peak to peak voltage. 

4.2
Hold a magnet near the CRO screen.  What happens and why?

4.3
Measure the peak to peak voltage by reading off the graticule markings, and write it down here:


Vsignal generator = ____________ volts peak to peak

4.4
Measure the voltage with a Digital Multimeter (DMM) set to "AC Volts", and write it down here:


VDigital Multimeter = ____________ volts

5.
Lissajous Figures

5.1
You need to work with another group so that you have access to two signal generators for this activity.

5.2
Unpress all CRO buttons, especially “component tester”.  Connect two signal generators, one to channel I and one to channel II.  Switch the CRO to S-Y operations, by pressing in the X-Y operations button (No. 5, beside the power button.

5.3
Connect up one signal generator to the CRO and connect it to channel I using the CRO leads.  This is the frequency applied to the vertical input 
[image: image4.wmf].  Connect the other signal generator to the CRO and connect it to channel II using the CRO leads.  This is the frequency applied to the horizontal input 
[image: image5.wmf] .  Note that you can read the frequency from the dial of the signal generator.

Obtain the “ABC” pattern.  Sketch what you observe in the space below.

Note this should occur when the 
[image: image6.wmf].

What happens when  
[image: image7.wmf]?


[image: image8.wmf]
[image: image9.png]4. Try to generate the following figures. The frequency ratios required to
generate them are shown. Can you create your own figures? If so, draw
them and show their frequency ratios.





6.
Report

6.1
Give two reasons why a faint display on a CRO is better than a bright one.


1. __________________________________________________


2. __________________________________________________

6.2
Which is more accurate for measuring dc voltage - a $300 multimeter or a $2,000 oscilloscope? 


____________________________________________________

6.3
When could an oscilloscope be more useful than a multimeter?


____________________________________________________


____________________________________________________


____________________________________________________


____________________________________________________


____________________________________________________


____________________________________________________
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Experiment 2:  Rectification of an alternating voltage
source
Aim:
To investigate the waveform of  diodes connected to an AC voltage source.  To investigate the rectification of AC voltage to DC voltage.

Apparatus:
AC power supply


four diodes (1N4004)


CRO (cathode ray oscilloscope)


capacitors (100µF, 1µF, 1nF , 10nF)


10 kΩ

7. Procedure:

7.1
Using a breadboard connect the AC voltage supply of 14VRMS, the CRO and the resistor as shown in the diagram below: 

[image: image10.wmf]
Figure 1

**
Before you do this, use the CRO to check the true value of the AC supply.  What is the RMS voltage and the peak-to-peak voltage?

Record your results below:

[image: image11.wmf]
7.2
Connect the AC voltage supply, the CRO, the resistor and the diode as shown in the diagram below:

[image: image12.wmf]
Figure 2

Record your results below

[image: image13.wmf]
Reverse the diode and record any changes to the output.

[image: image14.wmf]
7.3
Connect the AC voltage supply, the CRO, the resistor and the 4 diodes to form a full-wave bridge rectifier as shown in the diagram below:
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[image: image16.wmf]
Figure 3


Record your  results below

[image: image17.wmf]
7.4
Modify the previous circuit by connecting different capacitors across the resistor and record your findings below:

[image: image18.wmf]

(Note:  the polarity of the 1 µF and 100 µF capacitors - note that the “-” sign is where the capacitor is connected to earth).

Note:  Leave resistor in place.


Draw the circuit you used and the output of the CRO below.

i)
100 µF capacitor




ii)
1µF capacitor


volts/div






volts/div


time/div






time/div

[image: image19.wmf]
iii)
1nF capacitor




iv)
10nF capacitor


volts/div






volts/div


time/div






time/div

[image: image20.wmf]

8.
Analysis and Questions

8.1
If the original voltage source is 14 VRMS what is the peak-to-peak voltage supplied to the circuit?

8.2
What causes the changes in the waveform of the output voltage?  Explain.

8.3
Explain how the full-wave bridge rectifier works.  What are the advantages of it?

[image: image21.png]
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The Breadboard

What is it and how to use it

The breadboard is a piece of
equipment that allows you to
connect up electronic compenents
without soldering. This means that
there is little chance of overheating
and cooking the electronic
components especially IC chips. The
components are reusable and hence
the laboratory is much more cost
effective. In a school or university
this may a good way to carry out
experiments in industry the circult
board layout is designed either on
computer or freehand and a circuit is
erched.

The breadboard is designed o that
rows or column of sackets (holes) are
electrically connected.  There are
two type of connecting sockets. A
double column of Sockets are
connected vectically. A row of 5
sockets are connected horizontally.

February 1997
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An example of a breadboard is given
below.
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An example of a circuit and how it may be constructed on & breadboard.

ac Y
supply

Note connections
berween sockels:
vertically on the outside,
horizontally inside.




Note the setting for:


	volts/div


	time/div
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