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Lab Section: L04

Lab02: Basic AC measurement using Oscilloscope

Introduction:


Cathode-ray oscilloscope (CRO) is always used to observe the waveform of input signal versus time. In this experiment, the functions of oscilloscope control can be studied, such as how to location the trace, how to adjust the brightness, focus and rotation of the trace, how to vary position of beam on the screen and how to change the input-coupling mode. Characteristics, uncertainties and errors can be showed in the DC and AC circuits.

Procedure and Data:

Experiment 1: Initial Adjustments of Oscilloscope

a. Procedure

Following the manual of Oscilloscope, a series of section should be checked before starting the experiment. It is necessary that the intensity, focus, rotation and illumination control should be initiated. Vertical and horizontal position of the trace also should be checked.

Experiment 2: Vertical Deflection mode of Oscilloscope

a. Procedure

Firstly, the vertical sensitivity of oscilloscope is set to be 0.5 volts/div, and AC-GND-DC coupling to GND. The trace is aligned at suitable position. After alignment, AC-GND-DC coupling is set to DC. The input terminal (CH1) of oscilloscope is connected to a power supply with 0V output, and records the result of oscilloscope and DMM. Changing the voltage from 0V to 5V, the both results should be observed.

b. Data and Results

The output power on the panel = 0V

The trace showed on CRO = 0V
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Figure 1 Zero voltage showed on the CRO
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Figure 2 Five voltages showed on the CRO

If power supply is increased from 0V to 5V, the trace of CRO will go upward. Otherwise, if power supply is decreased from 5V to 0V, the trace of CRO will go downward.
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Figure 3 Traces of DC mode and AC mode


If AC-GND-DC switch is set to be DC, the trace can show the actual value. If AC-GND-DC switch is set to be AC, there is no respond on the CRO.

Experiment 3: Frequency Measurements using Oscilloscope

a. Procedure

Firstly, a sine wave at a frequency of 1kHz with amplitude between 1and 5 volts peak-to-peak is set from a signal generator. The period of the signal can be calculated by the trace on the CRO. By changing frequency from 1 kHz to 5 kHz, a graph of expected frequency versus calculated frequency can be plotted. Square wave and triangular wave should be tested for same steps.

b. Data and Results

The horizontal sensitivity of CRO is 2 volts/div

The vertical sensitivity of CRO is 0.2ms/div
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Figure 4 a sine wave at 1kHz with 2 volts amplitude on the CRO

The division of a period is 4.9 div

Calculation of period 
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Calculation of frequency 
[image: image6.wmf]Hz

T

f

4

.

1020

10

98

.

0

1

1

3

=

´

=

=

-


TIME/DIV: It is a scale control of the output waveform, and this switch controls the range of sweep.

VARIABLE: It is the fine horizontal gain control.

MAGnification: It can magnify the range in ten times of original size

	Frequency of the sine wave indicated by the Signal Generator (Hz)
	1 k
	2 k
	3 k
	4 k
	5 k

	No of div used in the Oscilloscope
	4.9
	2.2
	2.8
	2.2
	3.9

	Time base (ms) used in the Oscilloscope (horizontal)
	0.2
	0.2
	0.1
	0.1
	0.05

	Measured Period T (ms)
	0.98
	0.44
	0.28
	0.22
	0.05

	Calculated f =1/T (kHz)
	1020.4
	2272.7
	3571.4
	4545.5
	5128.2


Table 1 Experimental data and result of sine wave
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Figure 4 Expected frequencies versus measured frequencies of sine wave

From the slope of the above graph, the slope is close to 1. Measured frequency of sine wave is close to expected frequency.

	Frequency of the sine wave indicated by the Signal Generator (Hz)
	1 k
	2 k
	3 k
	4 k
	5 k

	No of div used in the Oscilloscope
	2
	4.1
	2.9
	4.4
	3.6

	Time base (ms) used in the Oscilloscope (horizontal)
	0.5
	0.1
	0.1
	0.05
	0.05

	Measured Period T (ms)
	1.00
	0.41
	0.29
	0.22
	0.18

	Calculated f =1/T (kHz)
	1000.0
	2439.0
	3448.3
	4545.5
	5555.6


Table 2 Experimental data and result of square wave
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Figure 5 Expected frequencies versus measured frequencies of square wave

From the slope of the above graph, the slope is 0.84. That means some errors should be found in square wave.

	Frequency of the sine wave indicated by the Signal Generator (Hz)
	1 k
	2 k
	3 k
	4 k
	5 k

	No of div used in the Oscilloscope
	2
	2.4
	2.9
	2.2
	3.5

	Time base (ms) used in the Oscilloscope (horizontal)
	0.5
	0.2
	0.1
	0.1
	0.05

	Measured Period T (ms)
	1.00
	0.48
	0.29
	0.22
	0.18

	Calculated f =1/T (kHz)
	1000.0
	2083.5
	3448.3
	4545.5
	5714.3


Table 3 Experimental data and result of triangular
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Figure 6 Expected frequencies versus measured frequencies of triangular wave

From the slope of the above graph, the slope is 0.84. That means some errors should be found in triangular wave.


By comparing all results, using sine wave can get a better result than square and triangular waves.

Experiment 4: Amplitude Measurements using Oscilloscope and DMM

a. Procedure

Firstly, a sine wave at a frequency of 1kHz with amplitude 1 volts peak is set from a signal generator, and the vertical sensitivity of oscilloscope is 1 volt/div. The amplitude of the signals can be observed on the CRO, and the rooted mean square voltage also should be measured by using DMM. Secondly, the voltage is increased from 1V to 5V and measured again. Thirdly, the frequency is changed from 1 kHz to 100 H z in sine wave, and does another measurement in square wave.

b. Data and Results

Peak amplitude observed on the CRO = 1V

Peak-to-peak amplitude observed on the CRO = 2V
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	Voltage pre-set (V)
	1
	2
	3
	4
	5

	
[image: image13.wmf].

.

.

s

m

r

V

measured by DMM (V)
	0.611
	1.243
	1.880
	2.483
	3.165

	No. of div (vertical)
	1
	4
	3
	2
	2.5

	V/div
	1
	1
	1
	2
	2

	Peak value measured by CRO (V)
	1
	2
	3
	4
	5

	Ratio 
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	1.637
	1.609
	1.598
	1.611
	1.580

	Average (V)
	1.607


Table 4 Data and result of 1 kHz frequency in sine wave

	Voltage pre-set (V)
	1
	2
	3
	4
	5
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measured by DMM (V)
	0.681
	1.372
	2.071
	2.689
	3.430

	No. of div (vertical)
	1
	2
	3
	2
	2.5

	V/div
	1
	1
	1
	2
	2

	Peak value measured by CRO (V)
	1
	2
	3
	4
	5

	Ratio 
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	1.468
	1.458
	1.499
	1.488
	1.458

	Average (V)
	1.464


Table 5 Data and result of 100 Hz frequency in sine wave

	Voltage pre-set (V)
	1
	2
	3
	4
	5
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measured by DMM (V)
	1.019
	2.037
	3.043
	4.160
	5.190

	No. of div (vertical)
	1
	2
	3
	2
	2.5

	V/div
	1
	1
	1
	2
	2

	Peak value measured by CRO (V)
	1
	2
	3
	4
	5

	Ratio 
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	0.981
	0.982
	0.986
	0.962
	0.963

	Average (V)
	0.975


Table 5 Data and result of 100 Hz frequency in square wave

The ratio of 
[image: image22.wmf]peak

V

/
[image: image23.wmf].

.

.

s

m

r

V

should be 
[image: image24.wmf]414

.

1

2

=


From the experimental results, the ratio of low frequency is more accuracy than high frequency in sine wave. The voltage of square wave cannot be observed by DMM.

Experiment 5: Dual Beam Operation – Measurement of Phase Shift

a. Procedure

Firstly, a circuit is connected as showed in figure 7. The voltage output of signal generator is connected to channel 1 and the voltage output of resistor is connected to channel 2. The dual beam operation is used to observe the phase angle between channel 1 and 2. The frequency of signal generator is 500 Hz with 1-volt amplitude. Changing the frequency from 500 Hz to 20 kHz.

b. Data and Results

[image: image25.png]



Figure 7 Output waveforms of two channels on the CRO

The phase shift of two waveforms is 4.5div, and the phase of resistor is leading to the phase of capacitor.

Phase angle = 
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	Frequency (kHz)
	1
	2
	5
	10
	20

	Time difference (ms)
	0.2
	0.06
	0.005
	0.001
	0.0003

	Period (ms)
	1
	0.5
	0.2
	0.1
	0.05

	Phase angle (degree)
	72.00°
	43.20°
	9.00°
	3.60°
	2.16°


Table 6 Data and Result of frequency in sine wave

Experiment 6: X-Y Mode of Operation – Measurement of Phase Shift

a. Procedure

Firstly, a circuit is connected as showed in figure 7. The voltage output of signal generator is connected to channel 1 for X-deflection and the voltage output of resistor is connected to channel 2 for Y-deflection. The dual beam operation is used to observe the phase angle between channel 1 and 2. The frequency of signal generator is 500 Hz with 1-volt amplitude. Changing the frequency from 500 Hz to 20 kHz.

b. Data and Results

	Frequency (kHz)
	a(div)
	b(div)
	Phase shift: 
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 (degree)

	1
	1.6
	1.9
	57.36°

	2
	1.1
	1.9
	35.38°

	5
	0.25
	1.8
	7.98°

	10
	0.35
	3.6
	5.58°

	20
	0.2
	3.6
	3.18°


Discussion:

1. 
	INTENSITY
	To control the brightness of display

	FOCUS
	To adjust a well-defined display

	ROTATION
	To Control rotation of the trace to horizontal position

	ILLUMINATION
	To control the level of illumination of display


2. In CRO, the voltage display certain level on the screen with a fixed scale. In DMM, it can give out a numerous value of measured component. Therefore, DMM should be more precise than CRO.

3. By changing the TIMEBASE and Volt/DIV switches, the waveform of output can be changed into different sizes. A suitable setting can show the details of values clearly on the screen.

4. DMM can only measure a certain numerous value, so a rooted-mean-square value can be measured for sine wave. In CRO, the amplitude of a sine wave can be showed directly on the screen. On the other hand, the amplitude of non-sinusoidal wave should be measured by DMM better than CRO.

5. From the results in these experiments, the reliable voltage can be measured under a low frequency (100 Hz). In fact, the range of frequency should be almost between 400 Hz and 500 Hz.

6. AC mode is suitable for ac circuit measurement, and blocks the dc component of input signal. DC mode is suitable for dc or ac circuit. GND is a zero-signal base line for the alignment before starting the experiment.

7. ADD is sum of the input signals of channel 1 and 2 together. Invert is used t o reverse the amplitude of input signal.
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