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TEACHING PATH - MATH SKILLS LAB - CLASS M

RESOURCE MATERIALS

Student Text: Math Skills Lab

Oscilloscope (for instructor/demonstrator to familiarize students with
whatever make and model is used in their lab)

CLASS GOALS

1. Teach students how to interpret the "volts/division" and "time/division"
settings of the oscilloscope.
2. Teach students how to solve electrical rate problems.

CLASS ACTIVITIES

1. Take five or ten minutes to go through Student Exercises. Make sure
that your students understand the correct answers.

2. Complete as many activities as time permits. Students should already
have read the discussion material and looked at the examples for each
activity before coming to class. You should summarize the main points
in each activity, work an example or two, and have the students complete
the Practice Exercises for each activity on their own.

3. Supervise student progress. Help students obtain the correct answers.

4, Before the class ends, tell your students to read Lab 3El, "Measuring
Current," as homework.
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Math Skills Laboratory

MATH ACTIVITIES
Activity 1: Determining Period and Peak-to-peak Voltage from

Oscilloscope Display

Activity 2: Determining Frequency and Peak-to-peak Voltage from

Oscilloscope Display

Activity 3: Solving Electrical-rate Problems

MATH SKILLS LAB OBJECTIVES

When you complete these activities, you should be able to do the
Jollowing:

1.

Determine period and peak-to-peak voltage of the signal when
given a waveform display and control settings on an
oscilloscope.

2. Determine frequency and peak-to-peak voltage of the signal
when given a waveform display and control settings on an
oscilloscope.

3. Substitute numerical values and units in electrical rate
equations. Solve for unknowns.

LEARNING PATH

1. Read the Math Skills Lab. Give particular attention to the
Math Skills Lab Objectives.

2. Study Examples A and B in Activities 1 and 2.

3. Work the problems for Activities 1, 2 and 3.
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NOTE:

An oscilloscope display can yield a wealth of information. Tell
your students how to read the grid lines on the oscilloscope
screen.

If possible, use an oscilloscope with this l1ab. Before the lab, go
over the instructions given in the textbook to see if they apply to
the oscilloscope in your lab. Make any changes to the instructions
that are necessary to conform to the scope you have in your lab.
This will avoid problems and save time when the students do the
lab.,
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ACTIVITY 1:

Determining Period and Peak-to-peak Voltage
from Oscilloscope Display

EQUIPMENT

If you have an oscilloscope and a waveform generator, you may wish to use the
oscilloscope screen directly to show the drawings depicted in Examples A and B and the
problems that follow.

When troubleshooting an electrical circuit, a technician must be able to “see” an
electrical signal and analyze its properties. Oscilloscopes are designed to display
electrical signals. The tube face (cathode-ray tube or CRT) of the oscilloscope is marked
off in grid lines. The electrical signal on the face can be measured if you know the scope
control settings.

Figure 1 shows the “volts-per-division (vertical)” and “time-per-division (horizontal)”
controls of an oscilloscope. The figure also shows a triangle wave on the oscilloscope
screen display.
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Fig. 1 Oscilloscope controls and display screen.
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The vertical control changes only the height distance between grid lines. The horizontal

of the signal displayed. Turning the control to a control has three ranges of time—seconds (sec),
higher number causes the height of the milliseconds (msec), and microseconds (usec).
displayed signal to decrease. Turning the In Figure 2a, the horizontal control is set to
control to a lower number causes the height of 0.1 second per division (0.1 sec/div). There are
the displayed signal to increase. five repetitions (cycles) of the triangle wave

The horizontal control is used to adjust the shown on the screen. Figure 2b shows what
spacing between waveforms along the horizontal happens when we change the horizontal setting
axis of the screen grid. Figure 2 shows how to 50 msec/div. Notice that now there are only
changing the “time/division” setting affects the 2 ' repetitions of the triangle wave across the
display seen on the oscilloscope screen. The screen. Also notice that the height of the signal
horizontal distance between the grid lines didn’t change from Figure 2a to 2b. That's
represents elapsed time. Numbered settings on because we changed the horizontal control only.
the horizontal control indicate the value of the We left the vertical control set at 1 volt/div.
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b. Display with 50 msec/div

Fig. 2 Changing the horizontal control affects the displayed signal.
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The waveform displayed by an oscilloscope can
be used to find many characteristics of the input
signal that’s producing the waveform. One of
these characteristics is the peak-to-peak height
of the input signal. The peak-to-peak height is
the vertical distance from the very bottom of the
waveform to the very top.

Another characteristic that can be measured
with the oscilloscope is the period (T) of the
input signal. In this Math Skills Lab, you’ll
learn the various mathematical methods you

Example A: Determining Voltage Level and Period

need to convert the data you see on the
oscilloscope control settings and screen into
useful information.

The oscilloscope display in Example A shows a
waveform that is sometimes called a sawtooth
wave. Work your way through the example,
using the display and the control settings
indicated. Note that the time-per-division setting
controls time along the horizontal axis. The
volts-per-division setting controls voltage along
the vertical axis.

Given: The oscilloscope has the settings shown below with a stable cathode-ray tube (CRT)
display.
., ONE PERIOD
1 6.5 DIVISIONS
———————

PEAK-TO-PEAK

8 DIVISIONS

—t—t—t = - —
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VOLTAGE T
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SAWTOOTH SIGNAL ON
GRID FACE OF CRT
TIME AXIS
Find: a. The period (T) of one cycle of the waveform.
b. The peak-to-peak voltage of this signal.
c. What type of waveform is this?
Solution: a. The period of one cycle of the waveform. The “time/div" control is set at 20 usec

(microseconds) per division. (Note: The Greek letter “x"—pronounced
“myoo”—stands for the prefix “micro.”) If you count the number of divisions for
one period from Point A to Point B on the grid face, you get approximately

6.5 divisions. Thus, the period (T) equals:

Hsec

203&

X 6.5ty = 130 usec

(The “div” units cancel out.)

b. The peak-to-peak voltage of this signal. Note: Peak-to-peak is a measurement of
the signal variation along the vertical (voltage) scale from the top-most point to
the bottom-most point. The “volts/div” is set at 0.5 volts/div. Counting the
number of divisions from the maximum positive trace point (top) to the maximum
negative trace point (bottom) yields 8 divisions. Thus,

volts

e

0.5

c. The waveform is of the sawtooth type.

X 8 &iw = 4.0 volts peak-to-peak. (The “div” units cancel out.)
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SOLUTIONS TO PRACTICE EXERCISES FOR ACTIVITY 1

Problem 1:

Check the values on the lab oscilloscope before your students
do the lab.

Values for this problem are shown on the drawing:

1.

2.
3.

Time division = 2 ms/div.

Volts/division = 10 V/ div.

Period for 1 cycle = (7 3/4 div)(2 ms/div) = 15 1/2 ms.
Peak-to-peak voltage = (7 div)(10 V/div) = 70 volts.

You can't duplicate this signal on the scope with this
voltage level. You can duplicate the waveform shape by
setting the frequency to 64.5 Hz
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PRACTICE EXERCISES FOR ACTIVITY 1

Problem 1: Given: The oscilloscope has the settings shown below with a stable CRT
display.
Find: 1. Time/division and volts/division settings indicated.
2. The period of one cycle of this waveform, in seconds.
3. Voltage of signal, peak-to-peak.
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Solution:
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ACTIVITY 2:

Determining Frequency and Peak-to-peak Voltage
from Oscilloscope Display

EQUIPMENT
See equipment for Activity 1.

This display is similar to the one shown in Activity 1. However, in this activity you
will find the frequency and amplitude. Read through Example B carefully.

Example B: Calculating Frequency and Amplitude of a Signal

Given: The oscilloscope has the settings shown below with a stable CRT display.
VERTICAL HORIZONTAL
A /\\
7 /
/
\_/
\/
VOLTS/DIVISION TIME/DIVISION
Find: a. The frequency of the input signal.
b. The amplitude (peak-to-peak voltage) of the input signal.
Solution: a. The “time/div” switch is set at 2 gsec/div. Counting the number of divisions for

one period, we find about six divisions. Thus, the period (T) is:

usec

aig

Note: 12 usec = 12 microseconds = 12 X 10°® sec. Remember that the prefix
“micro” always stands for 107, or one-millionth.

T =2 X 6w = 12 usec (Cancel “div” units.)

Using the equation, f = ¥, we find that:

1 1 1 1 1
f=— = = s = = 83.333_
T 12 usec 12 X 10 ” sec 0.000012 sec s

Note: 12 x 10°° seconds is equal to 0.000012 sec.

ec

1
f = 83,333 Hz (Since 1 Hz = — )
sec

So, the frequency of the input signal, using scientific notation is 8.33 x 10* Hz.

b. To find the amplitude of the voltage signal, peak-to-peak, notice that the
“volts/div” switch is set to 0.05 volt per division. By counting the number of
vertical divisions from peak-to-peak, we find five divisions. Therefore, the
amplitude, or peak-to-peak voltage (V) is:

volts

i

V,, = 0.05 X 5 & = 0.25 V (peak-to-peak)
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SOLUTIONS TO PRACTICE EXERCISES FOR ACTIVITY 2

Problem 2:

Problem 3:

Check the values on the lab oscilloscope prior to having your
students perform the lab.

Values for this problem are shown on the drawing:
Name of waveform: Square wave.

Find its:

1. Period = (5 div) x (0.2 s/div) = 1 sec.

2. Frequency = 1 Hz.

3. Peak-to-peak voltage = 5.5 volts.

WARNING: If you use an oscilloscope to measure the 1-Hz
frequency, the screen display may have a tendency to flicker,
Flickering results from the slow sweep (long time) setting
needed to measure a 1-Hz frequency. Thus you may have some
trouble in getting a nice display.

(6 div) x (2 v/div)
12 volts.

2. Period = (7.25 div) x (50 ps/div) = 362.5 ps.
3. Frequency = 2758.6 Hz ~ 2.76 kHz.

1. Peak-to-peak voltage
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PRACTICE EXERCISES FOR ACTIVITY 2

Problem 2: Name the type of waveform shown below. Find its period, frequency, and
peak-to-peak voltage, given the control settings shown.
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Problem 3: Find the peak-to-peak voltage, period and frequency of the sine
waveform, given the control settings shown.
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SOLUTIONS TO PRACTICE EXERCISES FOR ACTIVITY 2

Problem 4:

Problem 5:

1.

Amplitude (peak-to-peak voltage) = (8 div) x (5 V/div)
= 40 volts.
Due to X10 probe, amplitude = 400 volts.

Period = (8 div) x (20 ms/div) = 160 ms.

. Frequency = 6.25 Hz.

(8.2 div) x (2 v/div) x 10
164 volts.

Peak-to-peak voltage

[(10 div) x (2 ms/div]™!
(20 ms)™ = 50 Hz.

Frequency
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Problem 4: Find the amplitude (peak-to-peak voltage), period and frequency of the
sawtooth waveform shown below, given the control settings shown. A
“x10” oscilloscope probe was used to obtain the signal.

VERTICAL HORIZONTAL

VOLTS/DIVISION TIME/DIVISION

‘Note: A “x10” oscilloscope probe reduces the signal the oscilloscope
receives by a factor of 10. Thus, if a 10-volt signal were applied to
the probe, the scope would display only one volt. If a 100-volt
signal were applied to the probe, the scope would read 10 volts.
After making peak-to-peak voltage measurements on the “scope”
face, the measurements should be multiplied by 10 to get the true
peak-to-peak voltage measured by the probe. The “x10” probe has
no effect on the time/div control.

Problem 5: Find the peak-to-peak voltage and frequency of the sine wave shown
below, given the control settings shown. Note that a “x10” oscilloscope
probe was used to obtain the electrical signal.

VERTICAL / 1\ HORIZONTAL

VOLTS/DIVISION TIME/DIVISION
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ACTIVITY 3:
Solving Electrical-rate Problems

EQUIPMENT
For this activity, you’'ll need a hand calculator.

This activity will give you practice in rearranging equations to isolate an unknown. It
also gives practice in solving for an unknown quantity by substituting numbers and
units in electrical rate equations.

A. The equation for electrical charge-flow rate or current is:

Charge Transferred

Electrical C t = tion 1
ectric urren Flapsed Time Equation

To simplify Equation 1, use the symbols:

I = r Equation 2
where: 1 = electrical current (amperes)
q = charge transferred (coulombs)
t = elapsed time (hours, minutes, seconds)

B. The equation for electrical frequency is:

Number of Cycles

Electrical F: = tion 3
cetrical trequency Elapsed Time in Seconds Equation

To simplify Equation 3, use the symbols:

n
f = ¥ Equation 4
where: f = frequency (cycles/sec)
n = number of cycles
t = elapsed time (seconds)

Note: Frequency is often expressed in the unit of hertz: 1 cycle/sec = 1 hertz.

C. Period and frequency of a repeating electrical signal are related by an inverse
relationship. The equation for the period of an electrical wave with a known
frequency is:

1

Electrical Wave Period = tion 5
cctrical Wave rerio Electrical Wave Frequency Equation

To simplify Equation 5, use the symbols:

1
T = —f— Equation 6
where: T = period of electrical signal (usually in seconds)
f = frequency of electrical signal (cycles/sec or hertz)
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SOLUTIONS TO PRACTICE EXERCISES FOR ACTIVITY 3

Test Your Understanding:

a. amperes

b. 1 ampere

q _ 10 coulomb _ 5 coulomb

c. 5 amperes since I

t 2 sec sec
d. 100 Hz
e. 0.1 sec since T = 1.1 . 0.1 _S€¢
f 10 Hz cycle
Problem 6: I = g/t Rearrange and isolate q.
q-=1It where: I = 20 amp
t = 10 sec
g =20 A x 10 sec
q = 200 ampesec
q = 200 coulomb .
sec
q = 200 coulomb,
Problem 7: I =q/t where: q = 3 x 102 coulomb
t = 10 sec
[ =3X 102 coulomb
10 sec
[ =3x 10721 coulomb
sec
I1=3x 102 amp
I =3 milliamps
I =3 mA.
Problem 8: I =q/t Rearrange equation and isolate t.
t =.% where: q = 3 x 10* coulomb

I =50 amp = 5 x 10t amp

3 x 10* coulomb - E.x 1041 coulomb

5 x 10% amp 5 amp
t = 0.6 x 103 Soutomb
amp
t = 600 2MP*3€C
amp

t = 600 sec or 10 min.
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PRACTICE EXERCISES FOR ACTIVITY 3

Before you work the following electrical rate problems, review the units used to
describe electrical rates.

Electrical current is measured in amperes.

Electrical charge is measured in coulombs.

The frequency of an electrical signal is measured in cycles/sec or hertz.
The period of an electrical signal is measured in seconds.

Test your understanding by completing the following sentences:
a. The rate unit for electrical current is
b. One coulomb per second is equal to

c. Ten coulombs of charge flowing through a wire in two seconds is equal to
amperes of current.

d. An electrical frequency of 100 cycles per second is also equal

to hertz (Hz).
e. If an electrical signal has a frequency (f) of 10 Hz, it has a period
of seconds.

Use Equations 2, 4 and 6 to solve the following problems.

Problem 6: Given: A 110-V heating element in an electrical water heater is rated at
20 amperes.
Find: The charge that passes through the element in 10 seconds.
(Hint: Use the equation, I = %. Rearrange equation to isolate q.
Then solve for q in coulombs. Remember that one ampere
equals one coulomb per second.)
Solution:

Problem 7: Given: A solid-state device in a hand-calculator display has
3 x 107 coulombs of charge pass through it in 10 seconds.
Find: The current used by the calculator in milliamperes.
(Hint: Use the equation I = %. Note that 1 milliampere = Y1000
ampere = 10”° ampere.)
Solution:

Problem 8: Given: In an electric motor, operating at a constant speed,
3 x 10* coulombs of charge have moved through the motor. The
motor is operated at a steady current of 50 amperes during the
entire period of time.

Find: The length of time the motor operated at constant speed.

Solution: (Hint: Use the equation, I = %. Rearrange the equation to isolate
the time t. Then substitute values and solve for the time in
seconds.)

Problem 9: Given: The electron gun in a TV picture tube scans the width of the
screen. To form an image, it produces 15.75 x 10* lines on the
screen during a 5-minute period.

Find: The frequency (lines per second) of the electron gun.
Solution:
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SOLUTIONS TO PRACTICE EXERCISES FOR ACTIVITY 3

Problem 9:

Problem 10:

f

n/t where: n =
t:
_ 15.75 x 10" lines =
3 x 102 sec
- 15,75 qo4-2 lines
sec
5,25 x 102 111€S

sec
525 lines/sec.

f =n/t Isolate n.
n = ft where:
t =5 min
n==6x 10° pu1§es X 5 min
min

n=(6x5) x 103 pu?ses o min
min

n =30 x 10° pulses
n = 30,000 pulses.

T=1/f where:

f = 6000 Pulses .

15.75 x 10"* lines
5 min = 300 sec
3 x 102 sec

6 x 103 pulses

min min

£ = go0p Pulses , 1 min _ ;44 pulses

min 60 sec sec

1

100 pulses
sec

T = 0.01 sec/pulse.
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Student Challenge

Problem 10: Given: The oscilloscope of an engine analyzer shows that the waveform
for an electronic ignition device on a 6-cylinder engine has a
frequency of 6000 pulses/minute at an engine speed of

2000 rpm.
Find: a. The number of times the device pulses during a 5-minute
test.
b. The period in seconds between successive pulses.

Solution:
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