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Abstract:

In this experiment a number of experiments will be carried out to familiarise ourselves with the operation of the digital scope.

Intro:
When a continuously varying voltage is applied to the Y plates of an analogue scope then the Y deflection of the spot varies continuously as it is swept continuously in the X-direction at a constant rate fixed by the timebase. However, in the case of a digital scope the voltage is only measured at discrete time intervals. For this scope the record length (i.e. the number of data points) is 4000 for a repetitive signal and 2000 for a single shot (for example a single pulse) whatever time/div is selected. Since the number of values recorded per sweep is independent of the timebase then the sampling rate (i.e. the number od data pointers recorded per unit time) is proportional to the sweep rate. For this scope the maximum sampling rate is 20 MSa / s. However, for a repetitive (i.e. periodic) signal the bandwidth is 100 MHz. The scope can record a signal with a frequency greater than the sampling rate by random repetitive sampling. In this process only one or two data points may be collected per cycle but over many cycles the waveform is built up because the time elapsed between the trigger point and the recording of each data is accurately measured and hence each point can be put in its proper place on the waveform as illustrated in Figure 1.

The above process is only possible if the waveform is repetitive. For single-shot measurements real-time sampling must be used. In this sampling method all the data points are acquired during a single sweep. 

The highest frequency signal that can be recorded in this case is the maximum sampling rate.

According to Nyquist’s theorem to reconstruct a signal of frequency f/2 the sampling rate must be greater than f. So for a sampling rate of 20 MSa / s one would expect the single shot bandwidth to be 10MHz; However, for other reasons, the single shot bandwidth of this scope is limited to 2 MHz.

Nyquist’s theorem: A theorem developed by H. Nyquist, which state that an analogue signal wavefront may be uniquely reconstructed, without error, from samples taken at equal time intervals. The sampling rate must be equal to or greater than, twice the highest frequency component in the analogue signal.

Sampling rate: The number of samples taken per unit time, i.e. the rate at which signals are sampled for subsequent use, such as modulation, coding and quantization.

A digital oscilloscope is less subjective and hence more accurate than an analogue scope.

Also, a digital oscilloscope can deal with random repetitive sampling whereas an analogue scope cannot.

When a voltage that is varying continually is applied to the Y plates of an analogue scope, the Y deflection of the spot varies continually. However, in the digital oscilloscope, the voltage is only measured at discrete time intervals.

The digital oscilloscope will be used to make measurements on some of the voltage waveforms available from the “Test Waveforms” box. The waveforms are available from pins 1-14; two pins are earthed. To connect the scope to these outputs you must use the high impedance 10:1 probes provided(i.e. they reduce the amplitude of the signal by a factor of 10). To avoid damaging the components on the circuit board always first connect the probe ground lead which is black to the box earth point.

The circuits in the box are turned on/off by pressing the black button at one end; the scope on/off button is the line button.
Method:

Expt1. Measurement of the peak – to – peak voltage, period and frequency of a square wave

Connect channel 1 to test point 1, remembering to connect the earth lead first). Press “Autoscale”; when this button is pressed the voltage sensitivity and timebase are chosen so that a suitable display is obtained. Press the channel “1” button ; ensure that probe attenuation “10” is selected – if it is not, then the volts/div, displayed top left on the screen will be incorrect. You can alter the voltage sensitivity and timebase using the volts/div and time/div knobs – try doing this. Select suitable settings and determine the peak – to – peak voltage, Vpp and period T (and hence determine the frequency f) by:

· Direct measurement from the screen

· By making use of the “voltage” and “time” measure facilities – press each of these buttons in turn.

· By making use of the cursors – press the “cursor” button, select V1, V2, t1 or t2 by pressing the appropriate button below the screen and move the cursors using the variable knob below the ”cursor” button.

Adjust the vertical position of the waveform, using the (( position knob for Ch. 1, such that the ground level of the signal (indicated by the symbol on the right of the screen) is midway up the screen; press the “1” button and select AC coupling. Switch back to DC coupling which will be used in the rest of the experiments.

Results:
By direct measurement from the screen:
Vpp = 3.6875 Volts +/- 0.0001 V

Period T = 1.050 (s +/- 0.001 (s

Frequency = 1 / T = 9.524 * 108 Hz +/- 9.0 * 105 Hz

By making use of the “voltage” and “time” measure facilities

Vpp = 3.875 V +/- 0.001 V

Period T = 1.989 (s +/- 0.001 (s

Frequency = 1 / T = 5.028 * 108 Hz +/- 3.0 * 105

By making use of the cursors:

(V = 3.688 Volts +/- 0.001 Volts

( T = 1.060 (s  +/- 0.001 (s

( F = 9.434 * 108 +/- 9 * 105

A square wave occurs above and below the ground level of the signal  when AC coupling is used instead of DC coupling.

Expt 2. Measurement of the time delay between two square waves

Connect the second 10:1 probe to pin2, connecting the earth lead first. 

Measure the time difference corresponding to this lag:

· By direct measurement from the screen

· By using cursors

Results:
Channel two lags behind channel 1.

By direct measurement from the screen:
425 (s lag

By using the cursors:
440 (s lag

Expt 3. Triggering

In order for the scope to display a stable waveform the horizontal sweep must be triggered to start every time on the same point of a repetitive waveform.

It would be possible to obtain a display of a continuous but non-repetitive signal but it would not be stable, as it would oscillate randomly.

Part 1: Sinusoidal Waveform

In the first part of this experiment we will determine the conditions necessary to obtain a stable display of a simple sinusoidal waveform.

Disconnect the channel 2 probe and connect the channel 1 probe to pin 12; select the DC coupling (press button 1 to check this is so). Press “Autoscale”; note that the zero voltage level of the signal is mid-screen. Measure V​pp. We can now examine the effects of changing some of the triggering conditions.

(i) Press the “source” button. Note what happens when the trigger source is 1 (i.e. channel 1 input), 2, Ext., and line. Before continuing select 1.

(ii) Press the “mode” button. Select each of the mode Auto Lv1, Auto and Normal and note what happens. Before continuing select Normal.

(iii) Press the “slope/coupling” button. Select    (i.e. the scope is triggered on a rising part of the waveform).Adjust the trigger level to 0 volts using the top level knob (the line that briefly appears corresponds to this level). Press “stop” and print out the screen display { graph Ex 3, (i), (iii), (a) }. The triggering point on the waveform is indicated by the     symbol at top left. Now adjust the triggering level to half the amplitude of the waveform. Select      and print out the new display  { Exp 3. (i), (iii), (b) }. Now set the level greater than a maximum voltage and then less than the minimum – { Exp 3. (i), (iii), (c) } note what happens in each case. Reset the trigger level so that a stable waveform is displayed and select     again. Note that part of the waveform that has occurred before the trigger point (    ) is displayed. Turn the “delay” knob and determine what is the maximum extent of pretriggered waveform that can be displayed. The ability to display pretrigger information is one of the remarkable features of a digitising scope. The time that appears highlighted when the “delay” knob is adjusted is the time between the trigger point and the time reference point  (. Before proceeding to the next experiment reset the delay to zero.

Part 2: Complex repetitive waveform

Connect the channel 1 probe to pin 3. Use DC coupling and      .Press “Autoscale” (the trigger level is then automatically set to the centre of the signal for DC coupling). Change the timebase to 5 (s / div, and note that the wavefront is not stable. The waveform is periodic and has the form shown in figure 2.

It can be made stable by using the “holdoff” function. When holdoff is used the scope triggers on the first rising edge it sees but then waits the holdoff time before re-arming the trigger to look for the next trigger event. Gradually increase the holdoff time using the holdoff knob; note the minimum time required to produce a stable display (when stable, small alterations to the holdoff do not destabilize the display). Increase the holdoff until the display becomes unstable again and hence determine the maximum for a stable display. Adjust the holdoff so that the display is stable again (note the holdoff time) and print out the display { graph Expt 3, (ii) }.

Results:
Part 1:
Vpp = 684.4 mV +/- 0.1 mV

1. With ‘source’ button pressed.

When trigger source is channel 1 input:
A sine wave is produced.

When trigger source is channel 2 input:

No signal because no triggers.

When trigger source is Ext.:
No signal on each because there was no triggery.

When trigger source is line:
Nothing happened. Blank screen.

2.With ‘mode’ button pressed.

When mode is Auto Avl:
When mode is Auto:
When mode is Normal:
3. With ‘slope/coupling’ button pressed.
Graph Exp 3. (i), (iii), (b) differs from Exp 3. (i), (iii), (b) because it has shifted by (/2. 

Displaying pretriggered information  is done when you consider that the instrument is similar to the standard oscilloscope except that an A-D converter and a RAM follow the input amplifier. This, the input waveform can be stored in RAM and displayed on the CRT at the same time the digital information is analysed to yield averages, peak values, time intervals etc.

Part 2: 

It is not stable because the holdoff function is not being used.

The minimum time required to produce a stable display is 49.65 (s.

The maximum time required to produce a stable display is 59.35 (s.

Expt 4. To capture a single event

Connect the channel 1 probe to pin 9. When the green button on the test waveform box is pressed a single pulse is provided.

To capture a single pulse the scope must be triggered by the pulse and the trigger parameters must therefore be set appropriately but to do this requires some prior information about the pulse. The pulse from pin 9 is approximately as shown in Figure 3.

Set the trigger level, Volts / div. And timebase to values appropriate to this pulse. Press “source” and select 1(i.e. Ch 1); press “mode” and select “single” (i.e. single shot) and press “slope.coupling” and select      and DC (“reject” and “noise reject” should be off).

Press “erase” to clear the screen and “Run” to rearm the trigger. Press the single-pulse green button on the box; the pulse should be displayed on the screen.

The procedure can be repeated to capture the pulse with different scope settings.

Capture the pulse also with 1V/div, 10 (s / div, trigger level = 3V. Print out the captured waveform { Exp 4 (i) } 

Results:
Pulse height = 
80 (s

Pulse width = 3.719 V

The pulse is not captured with the trigger level at +4V because the trigger is above the waveform.

The pulse is captured with the trigger level at –1 V because the trigger is below the waveform.

Expt 5. Amplitude modulated waveform

The waveform show in figure 4 is a 100% amplitude modulated waveform.

Show that the voltage, V(t), can be represented by

V(t) = Amod Cos (av t

,where,

Amod = 2A Cos (mod t

Show that such a waveform can also be represented as the sum of two sinusoidal voltages of the same amplitude but different frequencies i.e. show that

V(t) = A Cos (1t  + A Cos(2t

, with,

(av = 0.5 ((1 + (2)

, and,

(mod = 0.5 ((1 - (2)

(av and (mod are often called the carrier frequency and modulation frequency respectively.

In this experiment the modulation and carrier frequencies of such a waveform as well as the amplitude A will be determined.

Connect the channel 1 probe to pin 14. Select the triggering conditions:

Source:- Ch.1 ; 

Mode:- normal;

Slope/coupling:-      , D.C;

Trigger level = 0.0.

Set the voltage sensitivity at 200mV/cm and time base at 200 (s/div. You will not see a stable pattern but one can be obtained by increasing the trigger level. Do this and make the necessary measurements to determine A and (mod. Change the time base to an appropriate value and make the measurement necessary to determine (av. Work out A, (av, (mod and hence also (1 and (2.

Switch off the “wavefrom box” when you have finished using it.

Results:
V(t) = A mod​ Cos ( (av. t )

V(t) = 2 A Cos [ (mod t ] Cos [ (av t ]

Replacing (mod with 0.5 ((1 - (2) and (av with 0.5 ((1 + (2)

V(t) = 2 A Cos [ ((1t /2)  -  ((2t / 2) ] Cos [ ((1t /2)  +  ((2t / 2 ) ]

Then using trigonometric identity: 2 Cos A Cos B = Cos ( A + B ) + Cos ( A – B )

V(t) = A { Cos ((1t) + Cos ((2t) }

V(t) = A Cos ((1t) + A Cos ((2t)  

A = 1.25 Volts

(av = 250.000 kHz

(mod = 1.068 kHz

500.000 k Hz = (1 + (2
2.136 k Hz = (1 - (2
Solving for (1 = 251.068 kHz

                  (2 = 248.932 k Hz
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