
 
 
 

LABORATORY MANUAL 
ELECTRICAL MEASUREMENTS 

EE 210 
 
 
 
 
 
 
 

© DR S. SOCLOF 
MARCH 2004 
6TH EDITION 

 
DEPARTMENT OF ELECTRICAL & COMPUTER ENGINEERING 

CALIFORNIA STATE UNIVERSITY, LOS ANGELES 



 

 1

CONTENTS 
 
Experiment Title Page

1 Digital Multimeter Resistance Measurement 2 

2 Digital Multimeter D-C Voltage Measurement 5 

3 Digital Multimeter D-C Current Measurement 6 

4 D-C Power Supply 7 

5 Digital Multimeter A-C Voltage Measurements 9 

6 Function Generator 10 

7 Oscilloscope Introduction and Basic Controls Part 1 11 

8 Frequency Counter 14 

9 Pulse Generator 15 

10 Oscilloscope and Function Generator Part 2: AM and FSK Waveforms 16 

11 Oscilloscope and Function Generator Part 3: Burst Waveform 18 

12 Oscilloscope and Function Generator Part 4: FM Waveform 19 

13 Oscilloscope and Function Generator Part 5: Arbitrary Waveforms 20 

14 Oscilloscope X-Y Operation 21 

15 Oscilloscope Dual Channel Display 22 

 
 
 
 
 
 
 
 



 

 2

DIGITAL MULTIMETER: RESISTANCE MEASUREMENT                            EXPERIMENT 1 
 

1. Obtain resistor boards. Record the nominal resistance value and the tolerance range from the 
color code on the resistor. Measure the actual resistance with the Digital Multimeter (DMM). 
Select the resistance range that will give a resistance reading with the maximum number of 
significant figures. Record the resistance values and the percent difference from the nominal 
values. Do all of the resistors fall within the specified tolerance range? 

 
 Here is the resistor color code: 
 

Color First Stripe Second Stripe Third Stripe Fourth Stripe 
Black 0 0 x1   
Brown 1 1 x10   
Red 2 2 x100   
Orange 3 3 x1,000   
Yellow 4 4 x10,000   
Green 5 5 x100,000   
Blue 6 6 x1,000,000   
Purple 7 7     
Gray 8 8     
White 9 9     
Gold       5% 
Silver       10% 

 
Here is a link to a convenient resistor color code calculator: 
http://www.electrician.com/resist_calc/resist_calc.htm
 
 
2. Obtain about 20 resistors of the same nominal value. Measure the resistance of each resistor 
using the DMM range that will give the maximum number of significant figures. Draw a distribution 
graph with the vertical axis being the number of resistors within each 1 % range and the horizontal 
axis being the percent deviation from the nominal resistance value. 

 
3. Obtain a Resistance Substitution Box and use a DMM to measure the resistance   values for all of 
the resistance settings to the maximum number of significant figures. 
Compare the actual resistance values to the nominal values in terms of the percent difference. 
  
4. Connect short lead or jumper wire between the DMM input terminals and read the resistance, 
using the lowest resistance range to obtain the maximum number of significant figures.  Now connect  
 
 

http://www.electrician.com/resist_calc/resist_calc.htm
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DIGITAL MULTIMETER: RESISTANCE MEASUREMENT                            EXPERIMENT 1 
 
a long lead wire to the DMM and repeat the measurement. Calculate the approximate values of 
resistance per foot of the lead wire. Use the DMM NULL for an easier measurement of this. 
 
5.  Variable Resistors: Obtain a 5000 Ω variable resistor (potentiometer or rheostat). 
a) Measure the total (i.e. end-to-end) resistance. 
b) Measure the resistance between the "wiper arm” and one end with the knob in the fully clockwise 
position, and then with the knob in the fully counter-clockwise position. Then repeat this for the 
resistance between the wiper arm and the other end of the resistor. 
 
6. In some cases, especially when using the DMM to measure resistance values associated with 
various electronic devices, it is important to know the voltage produced by the DMM when measuring 
resistance. Connect the DMM to a resistance substitution box and for every DMM resistance range 
adjust the resistance to give a reading as close to the full-scale resistance reading as possible. 
Connect a second DMM set to read voltage across (in parallel with) the first DMM and reading the 
test voltage of the first DMM. 
 
7. OUESTIONS: 
a) What is the full-scale (maximum) resistance that can be read on the DMM? 
b) What is the resolution (smallest resistance difference or change) that can be read on the DMM? 
c) How many possible values does the Most Significant Digit (MSD) on the DMM  have? How many 

possible values do the other digits have? Is this DMM a 2 ½, 3 ½, 4 ½ or 5 ½ digit instrument?  
d) Give the color codes for the following resistors: 

 i) 1 Ω, 5% 
  ii) 0.1 Ω, 5%   

iii) 1 k Ω, 20% 
 

e) The highest resistance range on a DMM is 20 MΩ. To measure a very large unknown resistor Rx, 
the unknown resistor is placed in parallel with a resistor that has previously been measured and 
has an actual value of 19.95 M Ω. The resulting DMM reading is 18.16 MΩ. Find the value of Rx 

  
 STANDARD  RESISTOR VALUES
 
Resistors are the most common circuit element used and consist of four basic types: 
 

1. Carbon composition 
2. Carbon film 
3. Metal Wirewound 
4. Metal film 

 
Carbon composition resistors are the least expensive type and are available in ¼, ½, 1, and 2 watt 
ratings. Tolerances of carbon resistors are 5, 10, and 20% (10% most used). 
Carbon film resistors come in 5% tolerance values (see chart above) and are smaller and more stable 
than the composition type.   
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DIGITAL MULTIMETER: RESISTANCE MEASUREMENT                            EXPERIMENT 1 
 
Wirewound metal resistors are more stable than the carbon types and are available in higher wattage 
ratings, tighter tolerance, and lower resistance values. 
 
Metal film resistors have a 1% tolerance and are very temperature stable compared to the carbon 
types. They also generate much less electrical noise than carbon and should therefore be used in low 
noise amplifiers. Standard values are tabulated below: 
 
Capacitors are much more varied than resistors and range from the high capacitance electrolytics to 
low capacitance ceramic types. Electrolytic capacitors have wide tolerances such as +75% -10%. 
They are used when a large capacitor is required (power supply filtering) but the value is not critical. 
Most electrolytics are polarized which requires consideration of the polarity when they are placed in a 
circuit. 

 
The smaller value capacitors (mica, ceramic, polystyrene, film etc.) have tighter tolerances which 
range from 1% to 20% and can provide capacitance values from 1 or 2 pF (picofarads) to about 5 µF 
(microfarads). The actual capacitance value is not marked on some of the smaller capacitors. A 
numerical code is used similar to the system of precision resistors but with a picofarad baseline. For 
example, a capacitor marked 103 would have a 10,000 pF value (or 0.01 µF). Tolerance of the 
capacitor is indicated by a letter following the number. The letter code is: 

 
 K = ± 10 % 
 J =  ± 5 % 
 G = ± 2 % 
  
Using another example, a capacitor marked 2243 would be a 0.22 µF with a ± 5% tolerance. 
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DIGITAL MULTIMETER: D-C VOLTAGE MEASUREMENT                          EXPERIMENT 2 
 

1. Connect the Digital Multimeter (DMM) to a DC Power Supply. Set the DMM to read DC VOLTS.  
 
2. Connect a Resistance Substitution Box in series between the DC Power Supply and the DMM. Set 
the resistance value to a low setting of 1 KΩ.  Carefully adjust the DC Power Supply to give a reading 
of 10V on the DMM. Now read the DMM for the following values of series resistance: 10 MΩ, 4.7 MΩ, 
1 MΩ, and 100 KΩ.  
 
Calculate the input resistance of the DMM using the results obtained for the case of  
R1 = 10 MΩ. Using the results of this calculation of the DMM input resistance, calculate the expected 
DMM readings for the other values of series resistance and compare with the observed values. 
 

 3.  QUESTIONS: 
 

a)   List the maximum voltage and resolution of the DMM. 
b) What are the possible values of the most significant digit (MSD), and what are the possible values 

of the other digits? 
c) How would this DMM be described in terms of the number of digits? 
d) What is the resolution of a 5 ½ digit DMM on the 20V range? 
e) A 3 ½ digit DMM has an accuracy specification of ± 1 % of the reading Least Significant Digit 

(LSD). On the 20V range, find the maximum possible error for    readings of 10V, 1V, and 0.1V. 
f) A DMM has an input resistance of 10 MΩ. What percentage error is introduced when making a 

voltage measurement on a system with a 10 KΩ source resistance?     
g) A resistor has a positive temperature coefficient (PTC) of 1 %/°C and measures 1 KΩ at 25 °C. 

Find the value of the resistance at 30 °C. 
h) Repeat the preceding for a resistor with a negative temperature coefficient (NTC) of 1%/°C and a 

value of 100 at 25°C. 
i) Define "resolution", "accuracy", and "precision" and explain the differences (if any)   among these 

three terms. 
j) What is the difference between the "nominal" and the "actual" value of an electronic component? 
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DIGITAL MULTIMETER: D-C CURRENT MEASUREMENT                          EXPERIMENT 3 
 
1. Use a DMM (set to measure voltage) to set the output voltage of a DC power supply to 10V. 
Connect the DMM (now set to measure current) in series between the Power Supply and a 
Resistance Substitution Box. Begin with the Resistance Substitution Box set to 1 KΩ.  Read the 
current on the DMM with the range control set to obtain the maximum number of significant figures. 
Compare the measured current with the value expected on the basis of Ohm's Law. 
 
2. Repeat the DC current measurement procedure of step 1 for the following resistance values: 1 KΩ, 
33 KΩ, 100 KΩ, 470 KΩ and 1 MΩ. 
 
 
3. Digital Multimeter Voltage Burden

 
An ideal current meter or ammeter would have zero resistance and equivalently have a zero voltage 
drop across it so that it will not affect the current flow in the circuit. However, any practical DMM, such 
as the one used here for current measurement, will have a non-zero resistance and there will be a 
corresponding voltage drop across the meter. This voltage drop is called the "voltage burden" of the 
meter. With the same circuit as before, add a second DMM in parallel with (across) the first DMM. 
The second DMM should be set to read DC voltage. 
 
Find the voltage drop across (the voltage burden of) the first DMM at the following current levels by 
adjusting the resistance of the Resistor Substitution Box: 0.1 mA, 1 mA, 10 mA. Find the 
corresponding meter resistance values using Ohm's Law, i.e.  
 

Meter Resistance = V (measured with 2nd DMM) I l (measured with 1st DMM). 
 
5. Questions    

a) List the full-scale current and the current resolution of the various current ranges of the DMM 
used. 

b) What is the input resistance of an ideal current-measuring DMM? 
c) What is the input resistance of an ideal voltage-measuring DMM?  
d) How must a DMM be connected in a circuit to measure current: In series or in parallel? 
e) How must a DMM be connected in a circuit to measure voltage: In series or in parallel? 
f)   Under what conditions will the voltage burden or the input resistance of the DMM produce a 

significant error in current measurement? 
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D-C POWER SUPPLY                                                                                      EXPERIMENT 4 
  
VOLTAGE REGULATION 
 
1. Connect the DC Power Supply to the Digital Multimeter (DMM) and set the DC Power Supply to 
give an output voltage of 10V as read on the DMM. Read and record the DC voltage to the maximum 
number of significant figures.  
 
2. Connect a 50 Ω, 10 watt resistor (from the stockroom) across the DC Power Supply. Record the 
new value of the voltage. (Use the NULL for an easier measurement.) 
 
3. Calculate the voltage regulation of the DC Power Supply as defined by  
 
voltage regulation = (no-load voltage) - (full-load voltage/ (no-load voltage) x 100% 
 
The no-load voltage is the output voltage of the DC Power Supply when the output current is zero. 
The full-load voltage in this case is the output voltage when the output current is 10V/50 Ω = 200 mA. 
 
4. Calculate the output resistance R0 of the DC Power Supply from the relationship 
 

R0 = (no-load voltage) - (full-load voltage) / (full-load current) - (no-load current) 
 
AC RIPPLE FACTOR 
 
5. Set the DMM to read AC voltage. Read and record the AC voltage (in millivolts). Do this for both 
the full-load (50 Ω) and the no-load conditions. Calculate the DC Power Supply ripple factor as given 
by 
 
Ripple factor = AC Ripple Voltage / DC Output Voltage x 100% 
 
6. QUESTIONS: 
 
a) What does a DC Power Supply do? 
b) Why is there an AC ripple present, and will a battery have an AC ripple? 
c) If a DC Power Supply has an output resistance of 10 mΩ (milli-ohms) and a no-load output 
voltage of 10V, find the change in the output voltage and the load regulation for a full-load output 
current of 1 A. 
d) A DC Power Supply is adjusted to give a no-load output voltage 10V. The AC line voltage is 115V 
RMS. When a full-load current of 1 A is drawn, the output voltage drops to 9.98V. Find the no-load to 
full-load load regulation expressed in percent. 
e) When the AC line voltage drops from 11 5V to 110V, the DC output voltage decreases from 10V 
to 9.95V. Find the line regulation expressed in terms of %/V. 
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D-C POWER SUPPLY                                                                                      EXPERIMENT 4 
 
f) If the DC output voltage is 10V and RMS AC ripple voltage on the output is 10 mV, find the 
percentage ripple factor. 
g) As the temperature varies from 25 °C to 35 °C, the output voltage increases from 10V to 10.05V. 
Find the temperature coefficient of the output voltage expressed in %/ °C. 
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DIGITAL MULTIMETER: A-C VOLTAGE MEASUREMENT                          EXPERIMENT 5 
 
1. Connect a Digital Multimeter (DMM) to a FUNCTION GENERATOR. Set the DMM function control 

to read AC voltage. Adjust the frequency control of the FUNCTION GENERATOR to 1 kHz. Adjust 
the amplitude control to give an output voltage of 1V RMS as read on the DMM. Compare the 
volts peak-to-peak (VPP) reading on the FUNCTION GENERATOR to the DMM reading. Are they 
consistent?  

 
2.   Increase the frequency up to the point where the DMM reading has changed by about 10%.  
 
3. Now reduce the frequency of the Function Generator to below 1 kHz, and decrease the frequency 

to the point where the DMM reading has changed by about 10%. 
 
4.   DMM Input Impedance 

Set the FUNCTION GENERATOR frequency to 100 Hz and adjust the output voltage to 1V RMS. 
Connect a 1 MΩ resistor in series between the FUNCTION GENERATOR and the DMM. Now 
increase the frequency 100 kHz.  Read the DMM, and from the reading calculate the DMM input 
capacitance.  
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FUNCTION GENERATOR                                                                               EXPERIMENT 6 
 
1. a) Connect a Digital Multimeter to the Function Generator. Connect a fixed resistor across (i.e. in 
parallel with) the output of the Function Generator. Set the frequency to 1 kHz and the output voltage 
to 1.0 V. Change the resistance until the output voltage is down to about one-half of its original value. 
Record the voltage and resistance values. 
 
2. Calculate the output resistance of the Function Generator. Compare with the specifications. 
 
3. What value of output resistance would the "ideal" Function Generator have? Explain. 
 
4. QUESTIONS 
 
a) A Function Generator is adjusted to give a no-load (open-circuit) voltage of 1.0V. When a 1 K Ω 

load is placed across the output terminals of the Function Generator the output voltage drops to 
0.8 V. Find the output resistance of the Function Generator. 

 
Voltage Ratio in decibels (dB) = 20 log10 (V1/V2) 
 
b) Express the following ratios in decibels (dB): 
i) V1/V2 =100 
 ii) V1/V2 = 0.1 
c) Change these dB values to voltage ratios 
i) -10dB 
ii)    3dB 
d) A Function Generator has a specification that the variation in the output voltage with    frequency 

will remain flat to within ± 1 dB over the frequency range of 10 Hz to 100 kHz. Find the 
corresponding maximum percentage variation in the output voltage over this frequency range. 
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OSCILLLOSCOPE (PART 1)                                                                           EXPERIMENT 7 
 

Connect the Function Generator main output to the Channel 1 input of the oscilloscope and to a 
DMM (all in parallel). Connect the Function Generator sync (synchronization) output to the 
Channel 2 input of the oscilloscope.  
 
1. Set the Function Generator to give a sine wave output at a frequency = 1 kHz. Adjust the 
amplitude to give a peak-to-peak voltage of 2V as observed on the oscilloscope. Press the 
Autoscale button on oscilloscope for the initial settings. Import oscilloscope display to computer. 
Then display only the sine wave on Channel 1. 
 

a) Import oscilloscope display to computer 
 
b) Compare the peak-to-peak voltage as measured by counting divisions and using the 

voltage/DIV scale to that obtained from the oscilloscope direct voltage measurement. 
 

c) Record the RMS voltage as observed on the DMM. Compare that to the RMS voltage as 
measured by the oscilloscope. 

 
d) Compare the RMS voltage with the expected value based on the peak-to-peak voltage. 

 
e) Measure the period of the waveform by counting divisions and using the time/DIV scale. 

Find the frequency and compare to the expected value. 
 

f) Obtain the period of the waveform using the oscilloscope direct measurement. Compare to 
the value obtained by counting divisions and using the time/DIV scale. 

 
g) Obtain the frequency of the waveform using the oscilloscope direct measurement. 

Compare with the value set on the Function Generator. 
 

2. Set the Function Generator to give a square wave output at a frequency = 1 kHz with an 
amplitude of 2V peak-to-peak voltage as observed on the oscilloscope. 
 

h) Import oscilloscope display to computer 
 

i) Compare the peak-to-peak voltage as measured by counting divisions and using the 
voltage/DIV scale to that obtained from the oscilloscope direct voltage measurement. 

 
j) Record the RMS voltage as observed on the DMM. Compare that to the RMS voltage as 

measured by the oscilloscope. 
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OSCILLLOSCOPE (PART 1)                                                                           EXPERIMENT 7 
 

k) Compare the RMS voltage with the expected value based on the peak-to-peak voltage. 
 

l) Measure the period of the waveform by counting divisions and using the time/DIV scale. 
Find the frequency and compare to the expected value. 

 
m) Obtain the period of the waveform using the oscilloscope direct measurement. Compare to 

the value obtained by counting divisions and using the time/DIV scale. 
 

n) Obtain the frequency of the waveform using the oscilloscope direct measurement. 
Compare with the value set on the Function Generator. 

 
2. Set the Function Generator to give a square wave output at a frequency = 1 kHz with an 
amplitude of 2V peak-to-peak voltage as observed on the oscilloscope. 
 

a) Import oscilloscope display to computer 
 

b) Compare the peak-to-peak voltage as measured by counting divisions and using the 
voltage/DIV scale to that obtained from the oscilloscope direct voltage measurement. 

 
c) Record the RMS voltage as observed on the DMM. Compare that to the RMS voltage as 

measured by the oscilloscope. 
 

d) Compare the RMS voltage with the expected value based on the peak-to-peak voltage. 
 

e) Measure the period of the waveform by counting divisions and using the time/DIV scale. 
Find the frequency and compare to the expected value. 

 
f) Obtain the period of the waveform using the oscilloscope direct measurement. Compare to 

the value obtained by counting divisions and using the time/DIV scale. 
 

g) Obtain the frequency of the waveform using the oscilloscope direct measurement. 
Compare with the value set on the Function Generator. 

 
3. Set the DMM to read DC volts. Turn on the DC OFFSET control on the Function Generator and 
rotate it to give a DC offset of +1V. Measure the shift in the DC level on the oscilloscope and compare 
with the value of DC voltage indicated by the DMM. Set the DMM to read AC volts. What is the 
change in the DMM AC voltage reading as the DC offset is changed from zero to +1V? 
 
3. Repeat the previous procedure with a DC offset of -1V.  
 
4. Change the input coupling switch to AC and now observe what happens. 
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OSCILLLOSCOPE (PART 1)                                                                           EXPERIMENT 7 
 
5. Set the Function Generator back to a SINE WAVE output. Change the Trigger slope to 
NEGATIVE SLOPE and observe what happens. Now change the TRIGGER SLOPE to POSITIVE 
SLOPE and observe the result. 
 
 
6. Change the sweep speed control (TlME/DlV) to 0.5ms/DIV. Measure the period and compare with 
the previous result. 
 
7. Repeat the previous procedure for sweep speeds (TIME/DIV) of 1.0 ms/DIV,  

2.0 ms/DIV, and 0.1 ms/DIV. 
 
8. Set sweep speed to 1 ms/DIV. Measure the period for the following frequencies and compare with 

the expected values: 2 kHz, 4 kHz, and 10 kHz. 
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FREQUENCY COUNTER                                                                                EXPERIMENT 8 
 

1. Connect the Function Generator to the Frequency Counter. Then set the Function Generator 
output to SINE wave, 1V RMS, 1 kHz frequency. Measure the frequency and period of the Function 
Generator output using the Frequency Counter. 
 
2. QUESTIONS

1. How many digits does the Frequency Counter have? 
2. As frequency of a signal increases, what happens to its period? Which has a shorter period, a 

10 kHz signal or a 10 Hz signal? 
3. Convert the following frequencies to kHz: 

a. 35000 Hz 
b. 0.126 MHz 
c. 2 GHz 

4. Convert the following to MHz: 
a. 10,000 kHz 
b. 2,000,000 Hz 
c. 18 GHz 

5. E. Express the following periods, T, in ms 
a. 100 µs 
b. 2000 µs 

6. Express the following periods, T, in µs: 
a. 20 ms  
b. 0.01 ms 

7. What is the maximum frequency that can be read (without overflow) on an 8 digit Frequency 
counter with a 1 sec gate time? What is the frequency resolution? 

3. Repeat the above for a 0.1 sec and 10 sec gate time. 
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PULSE GENERATOR                                                                                      EXPERIMENT 9 
 
1. Connect Function Generator to CH 1 (DC coupling) of the oscilloscope. Set up the Function 
Generator to give a square wave at f = 1 kHz and a peak-to-peak voltage of 4V.  
 
2. Now change the Function Generator settings to give a 20% duty cycle. 
 
3. Now change the Function Generator frequency to 500 kHz. 
 
4. Measure the period, T and the pulse width, W. Why is this not an ideal rectangular pulse 
waveform? 
 
5. Measure the amount of overshoot and the ringing time. Calculate the percentage overshoot. 
 
6. Put in a 50 ohm termination. Measure the rise and fall times using the measurement cursor. 
Compare with measurements using the oscilloscope Time Measurements menu. Compare results. 
Calculate the bandwidth (BW) of the system using BW = 0.35/tRISE. 
 
7. Activate the Bandwidth Limiting (BW Lim) of the oscilloscope. Approximately what is the effect on 
the rise time and fall time? When the Bandwidth Limiting (BW Lim) of the oscilloscope is on, the 
oscilloscope bandwidth is approximately 20 MHz. 
 
Note: The rise time specification of the HP33120 is <20 ns.  
 
QUESTIONS: 
     
1 Define the following terms: 
 

a)  Overshoot 
b)  Ringing 
c)  Rise time 
d)  Fall time 
e) Duty cycle 
 

2. Explain what happened when the 50 Ω termination was attached in part 6. 
 
3. Given a rectangular pulse waveform with 10V amplitude, T = 1 ms, and a 10% duty cycle, sketch 

and dimension the waveform as it would appear on the scope with (a) DC coupling and (b) AC 
coupling. 
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Generating and Observing Waveforms Part I: AM and FSK                     EXPERIMENT 10 
 
Produce the following waveforms. Observe the waveforms on the oscilloscope and verify by 
oscilloscope measurements that the specifications are satisfied. 
 
1. Amplitude Modulated (AM) Waveform with a sinusoidal carrier at f = 20 kHz and a peak-to-peak 
swing of 2V. The modulation is at a frequency of 1 kHz. The per cent modulation is 50 %. 
 
Verify that the specifications are met by oscilloscope measurements. The peak-to-peak modulation 
envelope should be 3V at the envelope maximum and 1V and the envelope minimum. 
 
Do this for: 
a) Sine wave 
b) Square wave 
c) Triangle wave 
 
2. Frequency-Shift Keying (FSK) waveform with a peak-to-peak swing of 2V. The starting frequency 
should be fL = 1 kHz, and the stopping (or “hop”) frequency is fH = 2 kHz. The shifting rate should be 
100 Hz (i.e. 100 repetitions/sec). 
 
 
 
Here is the procedure for generating FSK using the HP33120A Function Generator. 
 
TO OUTPUT AN FSK WAVEFORM 
(Adapted from the HP33120A Manual pp. 44-45) 
 
You can configure the function generator to ‘shift” its output frequency between two preset values 
using FSK (frequency-shift keying) modulation. The rate at which the output shifts between the two 
frequencies (called the ‘carrier frequency” and the ‘hop frequency”) is determined by the internal rate 
generator or the signal level on the rear-panel FSK terminal.  
 
In this example, you will set the ‘carrier” frequency to 1 kHz and the “hop” frequency to 2 kHz, with 
an FSK rate of 100 Hz. 
 
1. Select the function, frequency, and amplitude of the carrier. 
 
For the carrier waveform, you can select a sine waveform. For this example, select a  
1 kHz sine wave with an amplitude of 2 V peak-to-peak. 
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Generating and Observing Waveforms Part I: AM and FSK                     EXPERIMENT 10 
 
2. Enable FSK by pressing SHIFT + FSK. Notice that the FSK annunciator turns on. 
 
3. Use the menu to set the “hop” frequency by pressing SHIFT + Recall Menu (it’s the bottom button 
on the row of 4 buttons on the extreme right). After you enable the FSK mode, the Recall Menu key 
will automatically take you to the FSK FREQ command in the MOD MENU and it will show: 8: FSK 
FREQ. 
  
4.  Move down one level using the DOWN ARROW button. Then set the “hop” frequency to 2 kHz. 
Notice that the FSK annunciator flashes, indicating that the displayed parameter is for the FSK mode.  
 
5.  Press the ENTER button to save this setting and turn off the menu. At this point, the carrier and 
hop frequencies are set and output. 
 
Now, we will go back into the menu to set the FSK shift rate. This is the rate at which the function 
generator shifts between the carrier frequency and hop frequency. 
  
6.  Use the menu to set the FSK “shift” rate. Press SHIFT + RECALL MENU. The “recall menu” key 
returns you to the FSK FREQ command, which was the last command used before you exited the 
menu. 
 
7 Move across to the FSK RATE command by pressing the right arrow ( > ) button. This will cause 
this to be displayed:   9: FSK RATE 
 
8 Move down a level by pressing the down arrow button and set the FSK shift rate to 100 Hz. Notice 
that the FSK annunciator flashes, indicating that the displayed parameter is for the FSK mode.  
 
9 Save the change by pressing the ENTER button and turn off the menu. The function generator 
beeps and displays a message to show that the change is now in effect. You are then exited from the 
menu. At this point, the function generator outputs the FSK waveform. 
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GENERATING AND OBSERVING A BURST WAVEFORM                  EXPERIMENT 11 
 
Produce the following waveforms. Observe the waveforms on the oscilloscope and verify by 
oscilloscope measurements that the specifications are satisfied. 
 
 
You can configure the function generator to output a waveform with a specified number of cycles, 
called a burst. You can output the burst at a rate determined by the internal rate generator or the 
signal level on the rear-panel Ext Trig terminal. For this experiment, you will output a three-cycle sine 
wave.  
 
1. Select the function, frequency, and amplitude for the burst. 
 
For bursts, you can select sine, square, triangle, ramp, or arbitrary waveforms.  
 
For this experiment, select a 1 kHz sine wave with an output amplitude of 5V peak-to-peak. 
 
2. Enable the burst mode by pressing SHIFT + BURST. Notice that the Burst annunciator turns on. 
 
3. Use the menu to set the burst count by pressing SHIFT + RECALL MENU. After you enable the 
burst mode, the RECALL MENU key will automatically take you to the BURST CNT command in the 
MOD MENU. 
 
4. Move down to the parameter level and set the count to “4”. Notice that the Burst annunciator 
flashes, indicating that the displayed parameter is for the burst mode.  
 
5. Save the change and turn off the menu by pressing the ENTER key. 
 
6. Use the menu to set the burst rate by pressing SHIFT + RECALL MENU. After you enable the 
burst mode, the RECALL MENU key will automatically take you to the BURST RATE command in the 
MOD MENU. Set the BURST RATE to 50 Hz. 
 
7. Save the change and turn off the menu by pressing the ENTER key. 
 
The function generator beeps and displays a message to show that the change is now in effect. You 
are then exited from the menu. At this point, the function generator outputs a continuous three-cycle 
burst. 
 
You can generate a single burst (with the specified burst count) by pressing the “Single” key from the 
front panel or applying a trigger pulse to the rear-panel Ext Trig terminal. You can also use an 
external gate signal to turn the output signal on and off. 
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GENERATING AND OBSERVING A FREQUENCY SWEEP WAVEFORM       EXPERIMENT 12 
  

 
Produce the following waveforms. Observe the waveforms on the oscilloscope and verify by 
oscilloscope measurements that the specifications are satisfied. 
 
In the frequency sweep mode, the function generator “steps” from the start frequency to the stop 
frequency at a sweep rate which you specify. You can sweep up or down in frequency, and with 
either linear or logarithmic spacing. For this experiment, you will output a swept sine wave from 50 Hz 
to 5 kHz. You will not change the other parameters from their default settings: internal sweep trigger, 
linear spacing, and 1 second sweep time. 
 
1. Select the function and amplitude for the sweep. For sweeps, you can select sine, square, triangle, 
ramp, or arbitrary waveforms. For this experiment, select a sine wave with a 5V peak-to-peak 
amplitude. 
 
2. Enable the sweep mode by pressing the SHIFT + SWEEP key. Notice that the Swp annunciator 
turns on. 
 
3. Use the menu to select the start frequency by pressing the SHIFT + RECALL MENU key. After you 
enable the sweep mode, the RECALL MENU key will automatically take you to the START F 
command in the SWP MENU. 
 
4. Move down a level and set the start frequency to 50 Hz. Notice that the Swp annunciator flashes, 
indicating that the displayed parameter is for the sweep mode.  
 
5. Save the change and turn off the menu by pressing the ENTER key. The start frequency is now set 
to 50 Hz. 
 
6.  Use recall menu to return to the START F command by pressing the SHIFT + RECALL MENU. 
The “recall menu” key returns you to the START F command, which was the last command used 
before you exited the menu. 
 
7. Move across to the STOP F command.  
 
8. Move down a level and set the stop frequency to 5 kHz. 
 
9. Save the change by pressing the ENTER key and turn off the menu. At this point, the function 
generator outputs a continuous sweep from 50 Hz to 5 kHz. 
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ARBITRARY WAVEFORMS                                                                          EXPERIMENT 13 
  
 
The HP 33120A Function Generator has five. To display the list of these arbitrary waveforms press 
SHIFT + ARB LIST. Then use the right arrow key ( > ) to see the list of waveforms.  
 
1. For each built-in arbitrary waveforms press the ENTER key to observe the waveform on the 
oscilloscope. 
 
2. Select the SIN(X)/X waveform and observe it on the oscilloscope. Using the oscilloscope 
measurement cursors, measure: 
 
the voltage difference between the highest peak and the next highest peak. 
 
the time difference between the highest peak and the next highest peak. 
 
3. Select the CARDIAC waveform and observe it on the oscilloscope. Using the oscilloscope 
measurement cursors, measure: 
 
the voltage difference between the highest peak and the next highest peak. 
 
the time difference between the highest peak and the next highest peak. 
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OSCILLOSCOPE X-Y OPERATION                                                              EXPERIMENT 14 
 
X-Y DISPLAY 
1. Set up the oscilloscope for an X-Y display. Connect one Function Generator to the 
CH 1 input to be displayed on the Y- axis, and a second Function Generator to the CH 2 input 
to be displayed on the X-axis. Set the frequency of the second Function Generator to 100 Hz. 
Set the output voltage level of the second Function Generator to give a peak-to-peak voltage of 
6V. 
 
2. Adjust both Function Generators to produce a circle on the screen with a diameter of 
6V. Sketch and dimension the display and record the Function Generator settings. 
 
3. Adjust both Function Generators to produce an ellipse on the screen with a major axis (X-axis) of 
6V and a minor axis (Y-axis) of 2V. Sketch and dimension the display and record the Function 
Generator settings. 
 
4. Adjust both Function Generators to produce a diamond-shaped figure on the screen 
with a major axis (X-axis) of 6V and a minor axis (Y-axis) of 6V. Sketch and dimension the display 
and record the Function Generator settings. 
 
5. Adjust both Function Generators to produce a diamond-shaped figure on the screen with a major 
axis (X-axis) of 6V and a minor axis (Y-axis) of 2V. Sketch and dimension the display and record the 
Function Generator settings. 
 
6. Adjust both Function Generators to produce a diamond-shaped figure on the screen with a major 
axis (X-axis) of 2V and a minor axis (Y-axis) of 6V. Sketch and dimension the display and record the 
Function Generator settings. 
 
7. Adjust both Function Generators to produce a pattern of dots on the screen with a spacing of 4V 
between dots in both directions. Sketch and dimension the display and record the Function Generator 
settings.  
 
8. Adjust both Function Generators to produce a "figure 8" pattern on the screen with the "figure 8" 
being 6V high and 4V wide. Sketch and dimension the display and record the function Generator 
settings. 
 
9. Adjust both Function Generators to produce a horizontal (i.e. sideways) "figure 8" pattern on the 
screen with the "figure 8" being 4V high and 8V wide. Sketch and dimension the display and record 
the Function Generator settings. 
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OSCILLOSCOPE DUAL CHANNEL DISPLAY                                             EXPERIMENT 15 
 
1. Connect a Function Generator to both the CH 1 and CH 2 Input terminals of the oscilloscope. Set 
input coupling switches to DC for both channels. Set the Function Generator to give a SQUARE 
WAVE output voltage waveform with a peak-to-peak amplitude of 5V and a frequency of 10 kHz. The 
oscilloscope sweep speed should be set to 10 µs/DIV. Adjust the vertical controls of both channels 
such that the two displays overlap exactly. 
 
Oscilloscope Dual Channel Operation 
 
2. Now insert an R-C low-pass network between the Function Generator and the CH 2 input of the 
oscilloscope. The RC network consists of a Resistance Substitution Box (R1) and a Decade 
Capacitor Box, Type CDA (C1) as shown in the diagram below. Start off with the resistance set to 10 
KΩ and the capacitance set to zero. The input -voltage of the R-C network is displayed on CH 1 and 
the output voltage will be displayed by CH2. 
 
Measurement of the Time Domain Response Characteristics 
 
3. Increase the capacitance and observe the results on the oscilloscope. Find the time it takes the 
output voltage to go from zero to 63.2% of the input voltage for four different values of capacitance. 
Decrease the frequency as necessary to display the full transient response curve. Compare the zero 
to 63.2% rise time with the R-C time constant (i.e. the R-C product). Repeat this procedure for the 
100% to 36.8% faIl time. 
 
4. Set the resistance to zero and the capacitance to 1 nF (0.001 µF). Now increase the resistance 
and observe the results on the oscilloscope. Decrease the frequency as necessary to display the full 
transient response curve. Find the time it takes the output voltage to go from zero to 63.2% of the 
input voltage for four different values of resistance. Compare the zero to 63.2% rise time with the R-C 
time constant. Repeat this procedure for the 100% to 36.8% fall time. 
  
5. Set the resistance to 10 KΩ and the capacitance to 0.001 µF. Vary the frequency of the Function 
Generator from about 100 Hz to about 1 MHz and observe the results. 
Find the frequency at which the output voltage reaches only 10% of the input voltage. 
Under these conditions the pulse width should be approximately equal to 1/10 of the 
R-C time constant. Compare the time constant to the pulse width. 
 
6. Set the Function Generator to produce a SINE WAVE output. Set R1 to 10 KΩ and C1 to 0.001 µF. 
Vary the frequency of the Function Generator from about 100 Hz up to about 2 MHz and compare the 
input and output waveforms. 
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OSCILLOSCOPE DUAL CHANNEL DISPLAY                                             EXPERIMENT 15 
 
7. Find the frequency at which the output voltage has decreased to 70.71 % of the input voltage. Find 
the phase angle between the output and input waveforms at this frequency. Compare the frequency 
and phase angle with the expected values. Repeat this procedure for the frequency at which the 
output voltage has decreased to 50% of the input voltage, and then for the frequency at which the 
output voltage is only 10% of the input voltage. 
 
8. QUESTIONS 
 
For most electronic systems the relationship between the 3 dB bandwidth (BW) and the rise time 
(10% to 90%) is given approximately by RISE TIME x BW = 0.35.  
 
Note: If a signal passes through several systems in series, (i.e. cascaded) the rise time at the output 
is given approximately as the square root of the sum of the squares of the rise times of the individual 
systems. 
 
a)  An oscilloscope has a 35 MHz BW. Find the apparent rise time of the oscilloscope display if the 
signal input to the oscilloscope is an ideal pulse waveform. 
b)  An oscilloscope has a 35 MHz BW. The oscilloscope is connected directly to a 
Pulse Generator and the oscilloscope display shows a rise time of 15 ns. Find the rise time of the 
Pulse Generator output. 
c) A Pulse Generator produces a pulse waveform output with a 10 ns rise time. After the pulse 
signal has passed through some electronic system it is displayed on the screen of a 35 MHz 
oscilloscope. The oscilloscope display shows a rise time of 25 ns. Find the rise time and the 3 dB BW 
of the electronic system. 
d)  The input voltage of a system is displayed on CH 1 of an oscilloscope and the output voltage is 
displayed on CH 2. Both waveforms are sinusoidal with a period of 1 ms. The CH 2 waveform lags 
behind the CH 1 waveform by 0.1 ms. Find the phase shift produced by the system under study. 
Express the answer in degrees and in radians.  
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