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MILITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this o3urse
package were selected Wee National Center for Research in
Vocational Education Military Curriculum Project far dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible tc vocational
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the nilitary
were deleted, copyrighted materials were either omitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction laid curriculum development.

3



Military
Curriculum Materials
Dissemination is . .

an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculu.n materials in print
formfrorrm the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is
provided through a "Joint Memorandum of
Understanding" between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education's designated representative to
acquire the materials and conduct the project
activities.

Project Staff:

Wesley E. Sudke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director

What Materials
Are Available?

,
. ' . i....J

One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building &

Construction
Trades

Clerical
Occupations

Communications
Drafting
Electronics
Engine Mechanics

Food Service
Health
Heating & Air
Conditioning

Machine Shop
Management &

Supervision
Meteorology &

Navigation
Photography
Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are ;dentified and selected
for dissemination.

How Can These
Materials Be Obtained?

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closer to you.

cunRicuLum COORDINATION C'Ell (ENS

EAST CENTRAL
Rebecca S. Douglass
Director
100 North First Street
Springfield, IL 62777
217/782.0759

MIDWEST
Robert Patton
Director
1515 West Sixth Ave.
Stillwater, OK 74704
405/377-2000

NORTHEAST
Joseph F. Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 08625
609/292.6562

NORTHWEST
William Daniels
Director
Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879

SOUTHEAST
James F. Shill, Ph.D.
Director
Mississippi State University

Drawer DX
Mississippi State, MS 39762
601/325-2510

WESTERN .
Lawrence F. H. Zane, Ph.D.
Director
1776 University Ave.
Honolulu, HI 96822
808/948.7834
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The National Center for Research in
Vocational Education's mission is to increase
the ability of diverse agencies, inititu dons,
and organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center Wills its mission by:

1Genew;ng knowledge through research

Developing educational programs and
facts

Evaluating individual program needs
and outcomes

Installing educational programs and
products

Operating information systems and
services

Conducting leadership development and
training programs
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OVERVIEW 4,
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BASIC ELECTRICITY AND ELECTRONICS.
MODULE TWENTY TWO

Oscillators

Twenty Two

Any technician will tell you that oscillator circuits are an important
part of electronic equipment. Most students studying oscillators for
the first time discover that they are amazing circuits -- they ha4e an
output signal but no input signal (something for nothing?). Actually

they only convert electrical energy from one form to another -- from
DC to AC. There are many types of oscillators, but this module will
limit itself to oscillators that utilize parallel resonant tank circuits.

This module has been divided into the following fou lessons:

. s

Lesson 1

Lesson II

Lesson III
Lesson IV

...yr-

i4

Functional Analysis
Parallel Resonant Circuits
Measuring Frequency with an Oscilloscope

Oscillator Operation
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Overview

41.

OVERVIEW
LEtSbNO

Furictional Analysis

Twenty Two-I

In this lesson you will study and learn abbut the function of oscillators,
the function of the tank circuit, the function of the amplifier circuit,
and the function of the feedback circuit.

The lea rning objectives of.this lesson are as follows:

TERMINAL OBJECTIVE(S):

22.1.44 When the student completes this course, he will be able to
TROIJOCESHOOT an oscillator circuit, given a device,

-re4uired test twipment, technic.11 manuals, and

a practice board. Fault diagnosis to be 100t correct and
any repair work completed on a practice board to pass a
Learning Supervisor's visual and physical check.

,

EKABLING OBJECTIVE(S):

When the student completes this lesson, he will be able to:

22.1.44.1 DEFINE the function of a basic oscillator by selecting the
correct statement from a list of four statements. 100%
accuracy is required.

22.1.44.2 IDENTIFY the tank, amplifier, and feedback components in a
basic oscillator given a training device oscillator circuit

- and its schematic diagram or technical manual and a job pro-
gram. 100% accuracy is required.

22.1.44.2.1 DEFINE the function of the tank circuit in an oscillator by
- selecting the correct statement from a list of four choices.

100% accuracy is required.

22.1.44.2.2 DEFINE the function of the amplifier section in an oscillator
circuit by selecting the correct statement from a list of
four choices. 100% accuracy is required.

22.1.44.2.5 DEFINE the function Of the feedback section or "loop" in an
oscillator by. selecting the correct statement from a list of
four statements. op% accuracy requ!red.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

4



Study Resources

LIST OF STUDY RESOURCES
LESSON. I

FUNCTIONAL ANALYSIS

Twenty Two-I

To learn the material in this lesc,ln, you have the option of choosing,
according to your experience and preferences, any or all of the follow-

ing study resources:

Written Les sentation in:

Module Boo

Summary
Narrative

Student's Guide:

Audio/Visual Response Sheet Twenty Two - I

Progress Check

Additional Material (s):

Audio/Visual Program Twenty Two - 1 "Functional Analysis of Basic
Oscillators"

Enrichment Material(s):

Basic Electronics, Vol. 1, NAVPERS 10087C

Electronics Installation and Maintenance Book, Electronic Circuits,
NAVSHIPS 0967-000-0120, section 6

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REOIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRES": CHECK MAY BE TAKEN AT ANY
TIME.

. 512



Summary Twenty Two-1

SUMMARY
.LESSON I

Functional Analysis

Oscillators must be considered in some detail in the study of electronics,
since most electronic equipments employ them.

An oscillator is a non-rotating device for producing alternating current
from a direct current supply, at a frequency determined by the character-
istics of the device.

Alternators and generators (rotating devices) can produce AC at a variety
of frequencies, but they are not classified as oscillators.

Electronic oscillators may not always produce sinewave AC, but only those
that do will be considered in this module.

The figure illustrated below shows the block diagram for the basic oscil-
lator:

OUTPUT

lhe functions of the ircuits are:

Tank-Circuit: Develops the desired AC frequency.

Amplifier Circuit: Amplifies the tank circuit output to a usable level
and compensates for energy losses in the components

of the oscillator.

6
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Summary "twenty Two-I

Feedback Circuit: ^.2turns part of the oscillator ouput signal back into
the tank circuit to insure that the tank circuit will
continue to oscillate.

The output of the basic oscillator circuit is a sinewave at a'constant
amplitude and frequenc,.

0

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, rKOCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE COPRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSU (.TATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.



Narrative Twenty Two-I

NARRATIVE
LESSON I

Functional Analysis.

In the study of electronics, oscillators must be considered in some
detail, since the list of equipments employing oscillators is a long
one. Included are equipments such as radio transmitters and receivers,
radar, sonar, guided missiles, test equipment, and television.

The question "wnat is an oscillaor?" can be answered best by determin-
ing what an oscillator does. An oscillator generates a waveform at a
constant amplitude and specific-frequency.

Although all oscillators do not produce sine waves, in this lesson we
will only be concerned with oscillators that do. °The function of all
oscillators is basically the same, regardless of the waveshape produced.

By definition, an oscillator is a .ion- rotating device for producing alter-
nating current from a direct current supply, the output frequency of which
is determined by the characteristics of the device.

The definition contains the word non-rotating in order to eliminate
the possibility of classifying an alternator or a generator as an oscil-
lator. Although an alternator or generator can produce a sinewave at a
given frequency (such as 60 Hz for the AC power line), they are not class-
ified as oscillators.

An oscillator circuit produces a given (1)

at a constant (2)

1. frequency
2. amplitude

8
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Narrative Twenty Two-1

The figure illustrated below is a blo.:k diagram which shows the three
essential sections of a basic oscillator circuit.

FEEDBACK

The three essential sections of any oscillator circuit are:

(1)

(2)

(3)

OUTPUT

I. Feedback
2. Amplifier

3. Tank Circuit (in any order)

As discussed earlier, the power supply's function Is to convert AC to DC.

INPUT POWER
SUPPLY

9
16
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Narrative Twenty Two-1

The oscillator's function is just the opposite. It converts DC into AC.
The tank circuit is a basic oscillator and when supplied with a DC voltage
can convert it to AC. ea,

INPUT

1
CIRCUIT

Wait a minute! If we started with AC and needed a power supply to convert
it to DC, why go to the trouble of converting it back to AC? Remember, the
AC line voltage was only 60 Hz. In electronics, many different frequencies
are required, and the tank circuit can convert DC to any frequency. The

frequency might range, for example, from 1 to 1 X 10
12

Hz depending on the
value 'of components in the tank circuit.

The oscillator's function is to convert DC to the required AC.
The Tank circuit establishes. the

frequency of the oscillator

The tank circuit can convert DC to AC by itself but due to energy losses
of the components that make up the oscillator, it can only sustain oscil-
lations for short periods of time. In order for the output to be useful,
the oscillator must maintain the required frequency and amplitude. By

adding an amplifier and a feedback circuit to the tank circuits, a constant
amplitude and frequency can be maintained.

This amplifier is the same as the basic amplifier you have already studied.
Its function is to amplify the output of the tank circuit. This is necess-
ary to compensate for component energy losses and to ensure that the output
is of the required amplitude.

The feedback takes part of the amplifier's output and returns 'it to the
tank in phase with the oscillation of the tank to sustain oscillations.
In oscillators we call the type of feedback regenerative or positive feed-

back.

We say that the signal is fed back into the tank to prevent the oscillations

from dying out.

10
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Narrative

FEEDBACK

Twenty Two -i

OUTPUT

The blocks shown in the illustration must work together to provide an
output usable by the rest of the equipment. In short, the tank circuit
establishes the frequency of oscillations but, because of component losses,
it alone is not capable of maintaining the required output. The amplifier

performs two functions. The first Js to increase the tank's output to an
amplitude sufficient for equipment operation; the second is to provide
power for the feedback circuit. The feedback circuit replaces the energy

lost in the tank. As you can see, each stage is dependent upon the other
stages and failure of one function disables the total oscillator.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THk APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH, IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT ANO USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO /VISUAL MATERIALS (IF

APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

11 18
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Overview

OVERVIEW
LESSON II

Parallel Resonant Circuits

Twenty Two-II

In this lesson you will study and learn about flywheel effect, damping, and
various methods for changing frequency of tank circuit.

The learning objectives of this lesson are as foll6ws:

TERMINAL OBJECTIVE(S):

22.2.44 When the student completes this course, he will be able to
TROUBLESHOOT an oscillator circuit, given a training device,
required test equipment, technical manuals, schematics, and a
practice board. Fault diagnosis to *be 100% correct and any
repair work completed on a practice board to pass a Learning
Supervisor's visual and physical check.

ENABLING OBJECTIVE(S):

When the student completes this lesson, he will be able to:

22.2.44.3 IDENTIFY the output waveform of a tank circuit operating at
resonance by selecting an illustration of the correct wave-
form from a set of four illustrations. 100% accuracy is
required.

22.2.44.4 IDENTIFY the waveform that represents a "damped" sinewave
by selecting the correct waveform from a set of four.
100% accuracy is required.

22.2.44.4.1 OBSERVE a damped waveform given an oscilloscope, a/training
device, and a job program. 100% accuracy is required.

22.2.44.5 IDENTIFY the component that, when changed, will (will not)
vary the resonant frequency of a paralled tank circuit by
selecting from a list of four statements.the component that,
when changed, will (will not) change the resonant frequency.
100% accuracy is required.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

.. lit
21
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Study Resources Twenty Two - 11

LIST OF STUDY RESOURCES
LESSON II

Parallel Resonant Circuits

To learn the material in this lesson, you have the option of Jioosipl,
according to your experience and preferences, any or all of the follow-
ing study resources:

Written Lesson presentation in:

Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:

Audio/Visual Response Sheet Twenty Two - II

Job Program Twenty Two II "Damped Oscillations"
Progress Check

Additional Materials(s):

Audio/Visual Program Twenty Two - II "Parallel Resonant Circuits"

Enrichment Material(s):

Basic Electronics, Vol. 1, NAVPERS 10087-C

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED

TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY
TIME.

15 2`)4
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Summary Twenty Two -II

SUMMARY

LESSON II

Parallel Resonant Circuits

The tank circuit determines the fcequercy of the oscillator. Tan.. cir-. '

cuits store electrical energy in the electrostatic field of the capacitor
and in the electromagnetic field of the inductor. Energy is transferred
from capacitor to induCtor and back again producing a sine wave output
at a specific resonant frequency-. This automatic energy transfer is call-
ed the flywheel effect.

If components were perfect, the flywheel effect would continue forever;
however, because of, internal losses of the components and wiring, the
tank loses energy ./ This foss in energy lowers the amplitude of the sine
wave until all energy of the tank is dissipated. This sine wave of de-
creasing amplitude is known as damped oscillations.

A fixed tank circuit has only oneresonant frequency. The formula for
the resonant frequency of the tank is

f - -------.159 . Therefore, the
0 CC

resonant trequency may be changed by adding inductors or capacitors to
the tank. If capacitance or inductance is increased, the resonant fre-
quency is decreased. They are indirectly proportionpl. Variable com-
ponents are frequently used to change the resonant frequency over a range
of frequencies.

In order to use a tank as a frequency producer, some method must be used
to overcome the losses that cause damped oscillations. This method will

be covered in Lesson IV.

AT THIS POINT. YOU MAY /AKE 1HE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT CESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF 1HE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RES1UDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAI YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, OF TIE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

16
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P.I. Twenty Two-II

PROGRAMMED INSTRUCTION
LESSON II

Parallel Resonant Circuits

TEST FRAME IS FRAME 11. GO FIRST TO TEST FRAME 11 AND SEE IF YOU CAN
ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS AT THE END OF THE TEST
FRAME.

1. The "heart" of an oscillator is a parallel resonant circuit commonly
called a tank circuit. It is known as a tank circuit because it has the
ability to store energy just as a gas tank has the ability to store fuel.
Capacitors and inductors are the components used in tank circuits. These
components hold or store electrical energy. For example:

S

Figure 1

When the switch is closed,
electrons accumulate on one
plate of the capacitor (A)
and are taken off the-other
plate (B).

A difference in potential between plate A and plate B soon matches the
source voltage. When the potential of the capacitor equals the potential
of the battery, current flow stops.

If the battery voltage increased to 20 VDC, to what level would the capac-
itdr charge or discharge?

The capacitor would charge to 20 VDC.

17



P.I. Twenty Two-II

2. The inductor holds energy in the form of an electromagnetic field.
For example:

WV'

Figure 2

If the battery shorts out, the electromagnetic field of the inductor
would start to collapse. The collapsing electromagnetic field induces
a voltage in the inductor that would tend to.keep current flowing in
the same direction...1
In the'circult shown, switch SI is placed to the 8 position. Will

current.flow be up or down through resistor R7

A B

Figure 3

Up. Inductors try to maihtxin current flow in the same direction when

their'fields collapse.

18
25
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Twenty Two-11

3. Capacitors, unlike inductors, will change the direction of current
flow when the source is disconnected.

A

FT
4m1,1MIO .1.1.1.0

IM ..m0
..111. .111110

OINI ..m0

CAPACITOR FULLY CHARGED
Figure 4 .

CAPACITOR DISCHARGES,
Figure 5

a. Capacitors charge in one direction of current flow and discharge in
the _direction.
b. Inductor's field expands in one direction of current flow and collapses
in the direction.

a. opposite
b. same

N

4. When these two components are put in the same circuit and parallel to
each other, the circuit becomei a tank circuit. Let's examine what happens.

.1,

Figure 6

In Figure 6 the capacitor is filly charged.

........ I

11

19 26

4



P.1.
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Twenty Two- I I

Figure 7

In figure'l the capacitor starts to discharge and at the same time the
electromagnetic field of the inductor starts to build. When the capac-
itor's charge is exhausted, what happens to the inductor's electromag-
netic field?

It starts to collapse.

5. The collapsing Inductor field maintains current flow through the in-
ductor in the sable direction as the current that built up the field.

Figure 8

In Figure 8, the induced voltage in the inductor keeps current flowing
after the capacitor has been fully discharged. The electrons that were

ot Nee A have now been transferred to plate 8. The capacitor has

swltated polarity as compared to its initial charge.

The capacitor has again become fully charged but with polarity opposite

to its initial charge. At .the same time the inductor's field is completely

exhausted.

27
20



P.I. Twenty Two-II
0

Figure 9

In Figure 9 the capacitor starts to discharge, causing current to flow
through the inductor in the opposite direction. Let's stop now and see
What the voltage across the tank has been doing.

+101,

--10V

Frame 4 describes the generotion of the waveform section from point 1 to

point 2. This frame, so far, ,covers from point 2 to. point 3. Between

points 3 and 4 the capacitors discharge current will build up a magnetic
field aroune the inductor while the circuit volt.lge drops to zero.

In the next step of the process, the magnetic field around the inductor
.collapses,keeping current flowing through the circuit in,,the same direc-
tion.

Complete the waveform below to show tank circuit voltage during the
magnetic field's collapse (after point 4).

+10 v

0v

-10v

0

21 28



P.I. Twenty Two-II

+10V

OV

10V

6. This transfer of energy between capacitor and inductor is called the
flywheel effect. If this sequence were to be continued, the output of
the tank would be a sine wave.

14

SINEWAVE

The function of a tank circuit then is to produce this flywheel effect
You have just observed how this is done. What component action causes
the tank circuit to switch direction of current flow?

The capacitor switches polarity. (or words to that effect)

7. As we all know, perfect (no loss) components are not possible and as
a result, some energy is lost in each transfer of energy between the
capacitor and inductor. Energy is lost through the resistance of the
wire, leakage in the capacitor's dielectric, etc. This results in a

continually decreasing amplitude of the oscillator's sine wave output

until finally all energy is dissipated.

The term for this effect is damped oscillations.

29
22
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P.1. Twenty Two -II

Why can't a tank circuit be used as an oscillator? '

Damped oscillations make the output unusable - or - the amplitude is
not constant. (or words to that effect)

8. You have been told the tank circuit is the frequency determiner of
the oscillator., The frequency or rate of exchange between the components
is determined by the relationship of the values of capacitance and Induc-
tance used in the tank. The easiest way to show this relationship is with
the use of the following formula:

1 .159

I° = 2 INFEC or INEC--

What we are concerned with is the effect an increase or a decrease of
capacitance or inductance has on the resonant frequency.

For example:

fo
.159
r-----

4 LC
If C increases, the square root of L times C increases. This gives us a
larger number divided into .159. The result of this division of a larger
number into a constant number must be a lower resonant frequency.

What would happen if the L (inductance) of a tank circuit increased?

L

The resonant frequency (f0) would decrease.

3
23
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P.I. Twenty Two-II

9. It can be seen then, if,capacitance or inductance is added to a tank
circuit, the frequency must decrease

To lower the frequency of
a tank circuit, add capaci-
tance or inductance.

*Remember - to increase capacitance, capacitors must be added in parallel.
To increase inductance, inductors must be added in series.

Which two circuits will increase the resonant frequency of a tank circuit?

_1(

TIL T )
c.

b.
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10. Often we desire a range of frequencies from a tank circuit. This is
easily done by using variable components.

1

VARIABLE
CAPACITOR

-12( VARIABLE
INDUCTOR

The range of capacitance in A, or the range of inductance in 8, deter-
mines any number of possible frequencies.

If the inductance in B is reduced, the frequency will (increase/decrease).

increase

11. TEST FRAME

a. The is a term used to describe the transfer of
energy within a resonant tank.

b. If the frequency of a tank increases, the value of either the
capacitor or inductor must have (increased/decreased).

c. What is meant by "damped oscillations"?

d. Variable inductors are used in tank circuits to
?

e. What kind of waveform is produced by a tank circuit?

THIS IS A ZEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANFWERS AT
THE TOP OF THE NEXT PAGE.

,
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a. flywh 1 effect

b. decreased

c. Damped oscillations means' that amplitude of each successive wave-
form from a tank circuit gets smaller because of the internal losses
of the components within the tank. (or words to that effect)

d. change the frequency of the tank

e. Sine wave.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORREaLY, PROCEED TO THE NEXT LESSOII.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE t" ?RIRIE PAGES,

PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY 'la, PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL CR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

33
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NARRATIVE
LESSON II

Parallel Resonant Circuits

in Lesson I, the functional block diagram explained the purpose of tank
circuits. in this lesson we will examine the operation of various tank
circuits used in oscillators. All tank circuits are comprised of capac-
itors 'and inductors. These components, as you recall, have the ability
to store electrical energy.

To simplify the explanation of tank circuit operation, we will show
only the capacitor (tank voltage) waveforms.

The tank circuit can convert DC voltage to AC voltage. To initiate
tank circuit operation, we must first charge the capacitor.

In figure 1-a, the switch is in position 13. The capacitor is fully
charged to source potential and the circuit has stabilized.

Figure 1

Sooirce voltage is now removed by placing the switch in position A (Figure
1 -b). At this instant, all tank energy is stored in the electrostatic field

of the capacitor. The capacitor acts as a source and discharges through
the inductor, producing an expanding magnetic field around the inductor.
While the capacitor continues to discharge, the inductor's field enlarges.

2734
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At the instant the capacitor is fully discharged, the inductor's field
is maximum. The stored energy of the capacitor's electrostatic field
has been transferred to the inductor's electromagnetic field.

With no current to maintain it, the inductor's field begins to collapse.
This collapsing field maintains current flow in the same direction (Fig-
ure 2).

101

tll/X
Figure 2

NOTE: The capacitor is now
charging with opposite
polarity.

The more the inductor's field collapses, the more the capacitor charges.
Once again, all circuit energy is transferred between the components
of the tank. During the next transfer of energy, the polarity is rever-
sed and the direction of current is opposite to that in the first energy
cycle (Figure 3).

1 - Initial charge maximum positive --
capacitor starts to discharge through
the inductor.

2 - Inductor maintains current flow in
same direction -- capacitor charges
ih opposite direction.

3 - Capacitor discharges for the second
time -- in the opposite direction.'

4 - Inductor maintains current flow --
capacitor charges back up to maximum
positive.

Figure 3

The transfer of energy between the capacitor and inductor will continue
and the waveform read on an oscilloscope will be a sine wave (Figure 4).

28 35
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Figure 4

The alternation of energN, between the capacitor's electrostatic field
and the inductor's magnetic field is known as the flywheel effect. The
flywheel effect would continue to generate a sine wave indefinite!? if
the tank had perfect (no loss) components. Unfortunately, this is not
the case.

A small amount of energy is lost on each cycle of the flywheel effect.
These losses are caused by the resistance of the inductor's wire, by
the leakage of the capacitor's dielectric, and in numerous other places.
The result of the losses is a decreasing amplitude waveform out of the
tank, until all output is finally dissipated. This 'phenomenon is referred
to as damped oscillations (Figure 5).

LOSSES

Nr- Loss Es
11 =1.0. Im

Figure 5

The frequency of oscillation is determined by the relationship of capac-
itance and inductance values of the tank components. This relationship
is best shown by the formula for determining the resonant frequency of
the tank.

1 .159

10 21T.Fr or J LC
The importance of this formula for technicians is: when L or C increases,
the resonant frequency decreases. Inductance and capacitance are inversely
proportional to the resonant frequency.
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The flywheel effect relates to:

a. The reduced amplitude of the oscillations dtie to internal losses
of the tank.

b. The transfer of energy between the capacitor and inductor at
resonance.

c. The ratio of inductance tc capacitance.

grO

b.

So far we have explored a tank circuit that has only one resonant fre-
quency. Often we require a tank circuit to operate at different fre-
quencies. This is very easily accomplished by using a variable capaci-
tor or a variable inductor.

VARIABLE VARIABLE
CAPACITOR T INDUCTOR

Figure 0

Varying the value of either L or C in Figure 6 will change the output
frequency of the tank.

The inductance of the circuit in Figure 6b is decreased. What happens
to the resonant frequency of the tank?

The resonant frequency will increase.

Another method for changing frequency is to add capacitors or inductors in

series or in parallel. To lower the frequency refer to Figure 7.

3'7
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Figure 7

Remember, capacitance in parallel is additive, like inductors iA series.
The major disadvantage of this method of changing resonant frequency is
that you can change itto only one lower frequency at a time.

To raise the resonant frequency of the tank circuit, you must:

a. add capacitors in parallel and/or inductors in parallel.

b. add capacitors in series and/or inductors in parallel
c. add capacitors in series and/or inductors in series
d. add capacitors in parallel and/or inductors in series.

b.

The problem encountered when using the tank as an oscillator is the damped
oscillation effect. Tank circuits cannot sustain oscillations by them-
selves. In Lesson you will learn how the oscillator circuit overcomes

these losses.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF:TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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OVERVIEW
LESSON III

Frequency Measurement With An Oscilloscope

Twenty Two-111

By now, you're becoming quite familiar with using an oscilloscope. Up

to this time, however, it hasn't been necessary for you to determine the
frequency of the various waveforms you have seen. Now it is important
that you be able to determine the output frequency of an oscillator.
This lesson will show you how to do it.

The learning objectives of this lesson are as follows:

'TERMINAL OBJECTIVE(S):

22.3.44 When the student completes this course, he will be able to
TROUBLESHOOT an oscillator circuit, given a training device,
required test equipment, technical manuals, schematics, and
a/practice board. Fault diagnosis to be 100% correct and
any repair work completed on a practice board to pass a
Learning Supervisor's visual and physical check.

ENABLING OBJECTIVE(S):

When the student completes this lesson, he will be able to:

22.3.44.6 DETERMINE the frequency of a signal, given an oscilloscope,
a job program, and a test signal genera-or set to a freq-
uency unknown to the students, to within a tolerance of +

5%.

22.3.44.6.1 IDENTIFY an illime-qation of a waveform with one cycle correctly
narked by selecting the correct choice from a set of four
illustrations. 100raccuracy is required.

22.3.44.;.2 DETERMINE, by calculation, the period of a waveform, given an
illustration of a waveform on a graticule and a sweep time

control position setting. 100% accuracy is required.

41
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22.3.44.6.3 DETERMINE, by calculation, the frequency of waveform, given
the period of the waveform. MO% accuracy is required.

22.3.44.6.4 DETERMINE, by calculation, the frequency of a waveform, given
an illustration of a waveform on a graticule and a sweep time
control position setting. 100% accuracy is required.

4

BEFORE YOU START THIS LESSON, READ THEAMSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON 7.'Qur NEXT PAGE.

3542
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LIST OF STUDY RESOURCES
LESSON III

Frequency Measurement With An Oscillosc.)pe

To learn the material in this lesson, you have the option of choosing,

according tc your experience and preferences, Any or all of the follow-

ing study resources:

Written Lesson presentation in:

Modu!e Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:

Job Program Twenty Two - Ill "Frequency Measurement Using an

Oscilloscope"

Progress Check

Additional Material(s):

Audio/Visual Program Twenty-Two "Measuring Frequency With An Oscillosco

Enrichment Material(s):

Oscilloscope Technical Manual (Applicable Model Manual) ,

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNIN(

SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED

TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY

TIME.

43
36



Summary Twenty Two-Ill

SUMMARY
LESSON III

Frequency Measurement With An Oscilloscope

To use an oscilloscope in order to measure frequency, you must be
familiar with the terms "frequency", "cycle", and _"period".

Frequency is the number of cycles for waveforms that occur In a specific
unit of time.

A crcle is a complete sequence of events. In our case, a repeating wave-
form that moves through one positive deflection, one negative deflection
and returns to the point of origin.

A period is the time required to complete one cycle of a waveform.

Once the period of a signal is measured, the equation f = -1may be
used to evaluate the frequency.

Most oscilloscopes have a SWEEP TIME CONTROL. This control allows
you to vary the number of complete cycles displayed on the oscilloscope
screen. To increase the accuracy of measurement, you should display
the smallest number of complete cycies possible in one sweep.

To.determine the period of a waveform, first count the number of centi-
meters of one complete cycle. Multiply this number of centimeters by
the setting of the SWEEP TIME CONTROL.

CM-7H

MEI ENE III
111111101111111115111111411

1111111111101111111110
11111121=1111111

mmumesmal

2 I .5 .2

10 50
20 20

50

5

1

2

t * 6 cm X 5 usec/cm

t * 30 usec

The period (0 is then inserted into the formula f = .
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f
Mgraec

f = 33.3 KHz

Another control, TRIGGER LEVEL, can be used to move the starting point of
the waveform in either a positive or negative position. The HORIZONTAL
POSITION control moves the signal left or right with respect to the scope
graticule. These will help you to more easily "read" the complete cycle.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

45
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PROGRAMMED INSTRUCTION
LESSON III

Frequency Measurement With An Oscilloscope

Twenty Two-111

TEST FRAMES ARE 5, 9, AND 11. GO FIRST TO TEST FRAME 5 AND SEE IF
YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN
AFTER THE TEST FRAME.

1. To measure frequency with an oscilloscope, you must understand the
different parts of a waveform. Look at the illustration.

LEADING EDGE

TRAILING EDGE

LEADING EDGE

Most waveforms have leading and trailing edges. Many ;Aso have crests
and troughs.

In the below Illustration, identify the leading edges of the waveforms.

40

11011111...
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LEADING EDGES

2. Another part of a waveform. that must be identified is the CYCLE.
A cycle is a complete sequence oT events, a repeating waveform that
moves through one positive deflection, one negative deflection, and
returns to the point of origin. A cycle can be measured from leading
edge to leading edge,

ONE ONE
CYCLE CYCLE.

From crest to crest,

l'ug ONE CYCLE ONE CYCLE
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from trough to trough.

[64EONEtONEaPiCYCLE CYCLE I

Which of the below illustrated correctly depicts one cycle?

A.

B.

C.

0.

E.

-1
ONE CYCLE --41

ONE

CYCE

42
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B, C, and D

3. Another term that may need explaining is PERIOD. A period is the
time required to complete one (1) cvc:e. Period and frequency are in-
versely proportional. if the frequency is increased, the period is
decreased. Here is the equation to use when calculating frequency

when "f" is the frequency in Hertz and "t" is time of one period in seconds.

What are the periods of these illustrations?

A.

B.

I
I-

PERIOD =

6014SM

,Jsec

;

HIK-----100 m SEC---W4

PERIOD = msec

...1[0...
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PERIOD =

I i

'Lassie'

usec

A. T5 psec B. 50 msec C. 20 psec

4.- ;f a waveform has a period of 15 msec., the frequency of the waveform

can be calculated with the equation:

f

f

f

1.
15 msec

. 1

15 X 10-3

f * 66.667 Hz

What are the frequencies of the periods given below?

A. 1 msec
B. 50 psec

C. 1000 sec

4

51
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A. 1 KHz; B. 20 KHz; C. 10 KHz

5. TEST FRAME

What are the frequencies of the below waveforms?

A.

C.

D.

100u SEC

r 75 rn SEC

e e

I

0.1e

10 u SEC r4---

I m sec 1 M sec m sec m sec

FREQUENCY = Hz

FREQUENCY a Hz

FREQUENCY = Hz

m sec m sec m sec

FREQUENCY = Hz

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)
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A. f = 1/3717-usec, f = 20 KHz.

B. f = 1/25 usec, f = 40 Hz.
C. f = 1/10 usec, f = 100 KHz.
D. f = 1/2 usec, f = 300 Hz.

Twenty Two-III

IF YOUR ANSWERS MATCH THE CORRECT AN1,ERS, YOU MAY GO TO TEST FRAME 9.
OTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 5 AGAIN.

6. Using the oscilloscope to measure frequency is just a matter of.apply-
ing,the principles you have just learned.

An oscilloscope is a device that will display amplitude versus time.
The amplitude is displayed on the vertical axis and time is displayed
on the horizontal axis.

iss

0

a

al=

TIME

Vb

Most oscilloscope time bases are divided into centimeters.

The number of cycles that are displayed is dependent upon the SWEEP
TIME CONTROL. This is a representative example of a SWEEP TIME CONTROL.

NOTE: MAKE SURE THE VERNIER CONTROL IS IN THE "CAL" POSITION.

53
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Decrease the sweep time by turning the SWEEP TIME CONTROL clockwise
(CW) to display a smaller number of cycles on he screen of the osci119-
scope. For the most accurate measurement, the smallest possible number
of complete cycles should be displayed.

Which of the following illustrations would give the most accurate
measurement?

a

b

d

NE111.111111111111111/
1111111111111111111111111111111111

11111111111111111111111111111111

11111111111111111111111

IIIMMI1111111111
111111111111111111111

1111111111111111111

INEMIE111111.1111
11111111111,11111K0011
1111112111111111111M
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D

7. In each of the drawings in Frame 6, what must be done to the sweep
. time to obtain the most accurate reading?

A. Decrease the sweep time.
B. Increase-the sweep time.
C. Decrease the sweep time.
D. Nothing. This is the most correct time base.

8. Once the smallest number of complete cycles are displayed on the
oscilloscope, the number of ceripmeters for ONE COMPLETE cycle can
be counted.

1.4*--6cm7-01
In the illustration above one complete cycle covers 6 cm. Now multi-

ply the number of centimeters by the setting of the SWEEP TIME CONTROL
In this example the SWEEP TIME CONTROL is set on .2 millilecondi7FrT7

rungtoes/ci

5
2 1 .5 .2

.1

10
20

50

.1

.2
.5

20

10

5

2

1

siolos/0 5
.1

This will give you the period (time) of the waveform.

1 Period = 6 centimeters X .2 milliseconds/cm

1 Period = 1.2 milliseconds.

48
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9. TEST FRAME

What are the periods of the below examples?

A.

B.

C.

6111111110111111111111111M1

1111111111101111102111111
111111M21111111

PERIOD =

Twenty Two-Ill

numnimall
muteimumen
innigusimowemscim

PERIOD =

MIBIEMOM
111111111111111111111111111

11111111111111iini-i
PERIOD =

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)
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A. 80 psec
B. 5 msec
C. 12D msec

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO DN TO TEST FRAME 11,
IF ANY OF YOUR ANSWERS ARE INCORRECT, GO BACK TO FRAME 6 AND TAKE THE
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 9 AGAIN.

10, On most oscilloscopes, there are 2 other controls that will aid You
in frequency measurement -- the TRIGGER LEVEL CONTROL. If you have a
waveform that looks like this --

211111111MENIII
111114111111111115/1111111111

1111131111011111111L

You can't see both leading edges. The TRIGGER LEVEL CONTROL allows
you to move the starting point of the waveform -- either in a positive
or negative direction. Moving the trigger level control --

TRIGGER LEVEL

will move the starting point in a negative direction.

MEIZIMIIMEN
mingfingimnomanins..

57
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This enables you to more easily "sight" the starting point of the
waveform; makes it easier to locate measurement poiruts on the waveform.

The HORIZONTAL POSITION CONTROL is also useful to move.the entire wave-
form left or right so that you can more easily "sight" the distance in
centimeters between your measurement points.

Finally, to measure frequency with an oscilloscope, use the equation

f =
1

t
and the period you have determined.

'

No Response Required

II. TEST FRAME

What is the frequency of each of the following waveforms?

A.

1111111111111M111111111
1111111111111/1111111111111MRIMIIIM

=

Ilimmonsominnounuttran
innipreammi

ri

51
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10

20

50

1

.2

5

mummes/to

2 1
.5

.2

50

20

10

5

2

1 ,$
2 5 I

names/to ommucems/cm
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1111111111111/-
11111111111111r
01.111
111611111.11

f

10

20

50

.1

Twenty Two-All

munungda

2* 1 5 .2
5 3

.5
r

1

1
2

.1
,2
5

unasslcm unestamosicu

20

10

5

2

(THIS IS A TEST FRAME,'COMPW. YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)
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V

A. f = 333. Hz

B. f = 16.666 KHz
C. f = 2.0 Hz

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON IIJ, MODULE 22. OTHERWISE, GO BACK TO FRAME 10
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME II AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
IARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY VON:* IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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MODULE TWENTY TWO
LESSON III

Frequency Measurement With An Oscilloscope

Pow that you have mastered voltage measurement with an oscilloscope it's
time to learn how to measure frequency with an oscilloscope.

You are probably pretty familiar with the term "frequency". You have
worked with' ertz, Kilohertz and MegaHertz. You have seen examples of
sine waves, square waves and triangular waves displayed on an oscilloscope.
To determine the frequency of these waveforms, you first have to measure
the time duration of one cycle.

What is the definition of a cycle? A cycle is defined as a complete
sequence of events; in our case, a repeating waveform that moves through
one positive deflection, one negative deflection, and returns to the
point of origin. Let's look at some illustrations.

rI ONE .4.4
I CYCLE

1-i-Csftri41

51

ONE.
CYCLE

ONE
CYCLE I
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A cycle can be measureciat several different places -- from.leading edge
to leading edge.

.---

I

i ONE
FiCYCLE 1

- or from crest to crest,

141.-CYCLE21
ONE

- or from trough to trough.

ZYdl.:1
ONE

What about waveforms that Have different positive and negative shapes?
Now would you determine the cycle of these waveforms?

62
55
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Of course, you could measure from crest to crest, from trough to trough,
or from leading edge to leading edge.

CYCLONE

146-CYCLE-Id
ONE

LONE CYCLE-1

There is another term you will need to understand to measure frequency --
"PERIOD". A period is the time required to complete one cycle of a wave-
77o7W.The period of a waveform is inversely proportional to its Frequency.
The shorter the period of a waveform the higher the frequency. In terms

of an equation:

4.fri. and I

where "f" is the freouency in Hertz, and "t" is the time of the period of one

cycle in seconds. This will be the equation you will use tor frequency

calculations.

63
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Let's try a few examples just for practice.

Twenty Two71l1

You will measure the period, t, in seconds and then calculate the fre-
quency, f:

1

f
20msec

f= 1

20 X 10-3

f= 50 Hz

h_m_mi

trl V\\/
Fre's2i-4-1

1

1000psec
f =

lOmsec

1

f= 1 f = . 1

1000 X 10
-6

10 X 10-3

f = 1000 Hz f = 100Hz

Weil, now that we can find the frequency when we know the period, all we
have left to do is learn how to use an oscilloscope to measure the period
of a waveform. '

64
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The first thing to do is get the waveform correctly displayed on the scope.
THe smallest number of COMPLETE cycles displayed will give you the most
accurate measurement. In the below illustrations, which would allow you
to most accurately measure the waveform?

A.

B.

C.

11111111Mk1111111111
1111111101111P111111
11111111M111111111111VAIV
IMINICE111111111
/41111111111111111111111111

111111111111611111111.
111111111111151PA

111111111111111111WM=
61111111MENT111
111116111111M11111111

111111M1111111111

17T8 doesn't quite make one complete cycle)
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Now, the questior arises, "How do you get the smallest number of cycles?"
The antwer is, "Use the SWEEP TIME control." This control allows you to
select how many cycles are displayed on the oscilloscope.

NOTE: NEVER take the Vernier control out of its calibrated position.

inunaw0A1

. 2 1 .5 2
5

10 SO
20 20

50

5

.2 2
.5 1

1 .5
2 5 A .2

nolmam moommoks

Notice that the sweep time dial is divided into microseconds/centimeter,
milliseconds /centimeter and seconds/cm. Also notice that within the
divisions of time per cm there are the numbers .1, .2, .5, 1, 2, 5, 10,
20, "nd 50. Increasing the sweep time will allow you to view morJ cycles
or, the oscilloscope.
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A. Decrease sweep time
B. Decrease sweep time

Increase sweep time

D. Nothing (This is what you want.)
E. Increase sweep time

Tweoty Two -Ill

Now that you have the smallest number of cycles displayed on the oscillo-
scope, you are ready to determine the frequency. How? Well, you have to
determine the period of the waveform. To do this you have to count the
number of centimeters that one complete cycle covers on the oscilloscope
face. Then multiply that nuober of centimeters by the setting of the
SWEEP TIME control.

11111111111111111LIMM
0111111111011111111111111M

11E111%11.11111=11
in this case:

t = 10 cm X 2 msecicm

t = 20 msec

What are the periods of the below waveforms?

111111111111611M
1111111111111M111111111
011111111211111111111
IIIMME111111E11

11011161111111111111010111

10
20

;0

2
5

1
1

2 $ 3 .2
vomit. I workout/is
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Narrative Twenty Two-III

A. 200 usec
8. 0.72 msel

There is one other control that proves to be useful in frequency measure-
ment -- the TRIGGER LEVEL control. Suppose you have a waveform that looks
like this:

01111111111MINIMIIII
IN111101111111111101111
11112EME1111111E

The TRIGGER LEVEL control allows you to move the starting point of the
waveform in either a positive or negative direction. Moving the TRIGGER
LEVEL control in the negative direction will cause the starting point
to move in a negative direction.

IIEN1111111111E11
5111111111111111111W1
11,111111111
1111111/2WEE

TRIGGER LEVEL

Doing this will enable you to more easilf sight the starting point
of the waveform. Bear in mind that you can also measure the distance
between crest to crest and trough to trough. Don't forget that you may
use the HORIZONTAL control to shit the waveform horizontally for this
purpose.
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The final step in measuring frequency is to use the equation f = t
Take the time of the period you have calculated and divide this into I

Let's try one together.

MESE MENNE
GINN MI III 1111 III MI
1111111111011111611111
II MEMO E

atimmUm

1 -5 2
5

10 50
20 20

50 10

3 5

.2

.5 1

5 3
,5

simoilm muumugAis

63 70

1 cycle covers 8 cm

Sweep Time set on 2usec/cm

1 period (t) = 8cm x 20sec/cm

1 period = 160sec

f =
1-67W

f = 1

16 x 10-3

f = 62.5 Hz
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TWenty Two-111

Now you try some:

4hat are the frequencies of the below illustrated waveforms?

A.

B.

C.

F

F:

F

ME11111111111=1
111101111111frilliMil
111111161111E11111111611111
11111151111111111110

11611111111

"IMAMNMI

Imo

=1111111111=

64
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Narrative Twenty Two-III

D.

F:

1111=21111111E
1111111111/111111111M
11111111111111111111Mill
11221111111111111111

TT67iiiT66766 Hz
B. 29 KHz 29.41 Hz
C. 833 Hz 833.33 H

3
D. 4 KHz

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FC.W OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT OU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER VAITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
'CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Overview

OVERVIEW
LESSON IV

Oscillator Operation

Twenty Two-IV

In this lesson you will study and learn about the operation of an
Armstrong oscillator, the operation of a Colpitts oselllator, the oper-
ation of a Clapp oscillator, and electronic voltmeters (EVM).

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

22.4.44 When the student completes this course, he will be able to
TROUBLESHOOT an oscillator circuit, given a training device,
required test equipment, technical manuals, schematics, and
a practice board. Fault diagnosis to be 100% correct and any
repair work completed on a practice board to pass a Learning
Supervisor's visual and physical check.

ENABLING OBJECTIVE(S):

When the student completes this lesson. he will be able to

22.4.44.7 IDENTIFY the schematic diagrams of three basic (Armstrong,
Colpitts, and Clapp)r oscillators, by selecting the correct
name for each schematic from a set of four schematic draw-

ings and a list of names. 100% accuracy is required.

22.4.44.7.1 IDENTIFY the purpose of the two series capacitors in the
tank circuit of a Colpitts oscillator by selecting the
correct statement, given a schematic and four statements
about the tank circuit. 100% accuracy is required.

22.4.44.7.2 IDENTIFY the sections of an Armstrong oscillator (tank,
amplifier, or feedback), given a schematic of an Armstrong
oscillator and labeled components in each of the sections
by selecting the correct statement from a set of four state-
ments. 100% accuracy is required.
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Overview Twenty Two-IV

OVERVIEW

22.4.44.8 OBSERVE the change frequency of a tank circuit when
changing certain components given an oscilloscope a training
device and a job program. 100% accuracy is required.

22.4.44.9 IDENTIFY a commonly used voltage measuring device that should °
not be used to make voltage measurements on an oscillator

,circuit, given a list of test equipment. 100% accuracy is
required.

22.4.44.10 OBSERVE and RECORD the loading effects which occur when a VOM
is connected to measure voltage in an oscillator
given an oscilloscope, a VOM, a job program, and a device
containing an oscillator circuit. All measurements to fall
within tolerances stated in the experiment sheet.

22.4.44.11 MEASURE and RECORD voltages in an oscillator circuit, given
an EVM, oscillator training device, schematics, a job pro-
gram and technical manual. Measurements to be within toler-
ances given in technical manual or progress check answer
section.

22.4.44.12 IDENTIFY a malfunctioning component in a prefaulted oscillator

!II
circuit, given the necessary tools, job program, a prefaulted
training device, an oscilloscope and the appropriate technical
manual or schematic. Fault diagnosis to be 100% correct.

BEFORE YDU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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Study Resources

LIST OF STUDY RESOURCES
LESSON IV

Oscillator Operation

Twenty Two-IV

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the following:

Written Lesson presentation in:

Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:

Audio/Visual Response Sheet Twenty Two-IV-1
Job Program Twenty Two-IV-1 "Oscillator Operation"
Job Program Twenty Two-IV-2 "Loading Effects of Meters"
Job Program Twenty Two-IV-3 "Colpitts/Armstrong Oscillators"
Job Program Twenty Two-IV-4 "Troubleshooting Oscillators"
Progress Check

Additional Material(s):

Audio/Visual Program Twenty Two-1V-1 "Oscillator Operation"
Audio/Visual Program Twenty Two-IV-2 "AN/USM 116 EVM Operation"

Enr Jiment Material(s):

Electronics Installation and Maintenance Book, Electronic Circuits,
NAVSHIPS 0907-000-0120, section 6
AN/USM 116 Technical Manual

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUirRVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 410
TO AtHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY
TIME.
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Summary Twenty Two-IV

SUMMARY
LESSON .1V

Oscillator Operation

A feldback path and an amplifier must be added to a tank circuit in ordero
to sustain oscillations. The amplifier will typically be a common-emitter
amplifier which has a 180° phase shift. In order to replenish the losses
in the tank circuit at the correct phase, there must also be 180° of phase
shift in the feedback path. This type of feedback is called positive or

ILMenel---:911!/e

An Armstrong oscillator uses a connon- emitter amplifier and inductive
feedback.

C2

TANK

.11

Sine wave oscillations are established in the tank circuit consisting of
12 and Cl. These oscillations are fed through coupling capacitor C3 to
the base of transistor amplifier Ql. The transistor amplifies the sine
wave arid part of the energy is coupled through C5 to the output. The re-
mainder of the energy is fed back.through C2 to "tickler" coil 11. 11

puts energy back into the tank through mutual Induction with L2. Oscilla-
tions are thus sv")ined.

A variation of the Armstrong oscillator is shown on the next page:
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Summary Twenty Two-1V

.R

7-

R2

01 Cl L2

C3 C2 R3
Vcc

Energy from the tank circuit (12 and Cl) is coupled to the output via
"L3 and to the feedback path via U. Transistor Q1 amplifies the energy
from Li and injects the energy right back into the tank.

A Colpitts oscillator utilizes two capacitors and a variable inductor
in the tank.

-vac

Part of the sinewave energy is taken from capacitor C2, amplified, and
fed back to capacitor Cl. Inductor LI is used to vary the frequency of
oscillation. The oscillator output is taken from coil L2 which Is wound
on the same core with Li.
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Summary Twenty Two-1V

A variation of the Colpitts oscillator is the Clapp oscillator:

-Vcc

Here the tank consists of Cl, C2, C3, and 1.r, and the frequency of oscilla-
tion can be changed by varying C3.

When measuring voltages in an oscillator circuit with a me;:r rather than
an oscilloscope, an electronic voltmeter (EVM, DMM or VTVM) must be used
to prevent circuit loading (frequency change and loss oramplitude).

AT THIS POINT, YOU MAY TAKE THE LESSON;PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU\ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, Oil, MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (1r
APPLICABLE),'OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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P.I. Twenty Two-IV

PROGRAMMED INSTRUCTION
LESSON IV

Oscillator Cperation

TES1 FRAMES ARE 7, 11, 13, AND 17. GO FIRST TO TEST FRAME 7 AND SEE IF
YOU CAN ANSWER ALL,THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN
AFTER THE TEST FRAME.

1. The operation of some actual oscillator circuits will be explored in
this lesson. As you know, an amplifier and a feedback path must be added
to a resonant circuit to sustain oscillations. The feedback to the tank
circuit must be of the proper phase and amplitude to replenish the losses
in the tank circuit. This type of feedback-is called positive or regener-
ative feedback. In other words, th -e must be no difference in phase
between the energy that leaves the Link circuit and the energy that is
fed back to the tank circuit. The total phase shift in the amplifier and
feedback path oust be 0° or 360° (which is equivalent to 0°). The most
common type of amplifier used in oscillators is a common-emitter amplifier.
Feedback can be accomplished in various ways: inductive, capacitive, or
direct.

Since a common-emitter amplifier has a 180° phase shift, how much addi-
tional phase shift will be necessary in the feedback path to obtain &
positive feedback?

180'
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2. An example of an oscillator using a common-emitter amplifier and ;educ-
tive feedback is shown below.

(

r

I

1 I (---- OUTPUT
1 C5

TANK

1C2
i

III..

R4 1

I

Li

L

Ill R2

AMPLIFIER

i
i

s

I

The tark circuit consists of inductor 12 and capacitor CI. The sine
wave output of the tank is fed through coupling capacitor C3 to the
base of transistor amplifier Ql. Transistor Q1 amplifies the sine
wave which is coupled to the output through C5. What would happen to
the sine wave if there were no feedback?

The sine wave would be damped because of losses in the"ank qor words
to that effect). 1,

i

3. Part of the sine wave output js fed back through coupling capacitor
C2 to inductor LI. Inductor 11 and 1.2 are wound on a common core. Part
of the sine wave energy on LI is induced into L2. The transistor ampli-
fiE will invert the sine wave by 180° and the mutual inductance between
LI and 12 will also invert the sine wave by 180°. Therefore the sine wave
induced from LI and 12 will reinforce the oscillations in the tank.
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P.I. Twenty Two-IV

The sequence of energy can be shown as:

AMPLIFIER OUTPUT

FEEDBACK

The purpose of Li is to:

a. Esoblish oscillator frequency.
b. Pfovide coupling for the feedback path.
c. Couple the energy out of the tank.
d. Provide a DC path to ground.

b. Provide coupling for the feedback path.

4. The type of oscillator shown in frame 2 is called an Armstrong oscill-
ator - named after the man who invented it. An Armstrong oscillator is
characterized by a "tickler" coil that feeds energy back into the tank.

Which inductor would be considered the "tickler" coil in the oscillator
shown in Frame 2?

LI
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5. Another type of Armstrong oscillator couples the energy out of the
oscillator by using another inductor:

RI

Ll

L2

In this oscillator, the sequence of energy flow can be shown as:

FEEDBACK

SMALL PORTION OF ENERGY
FOR FEEDBACK

TANK
C I & a

OUTPUT ENERGY

So- OUTPUT

I.

A sine wave generated by the tank is induced into both Li and L3. Induc-
tor L3 couples the energy to the output. Inductor LI, feeds the energy
to amplifier Ql. Amplifier Q1 amplifies the sine wave and feeds the ampli-
fied energy back to the tank to sustain oscillations.

Which inductor in the oscillator illustrated above will determine the fre-
quency of oscillation?

a. LI

b. L2

c. L3
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P.1. Twenty Two-1V

b. L2 since it is art of toe tank circuit.

6. The frequency of oscillation in both the Armstrong oscillators covered
so far could be changed easily by adjusting variable capacitor Cl. Would
changing the value of any component other than the inductor or capacitor
in the tank change the frequency of oscillation?

No, not significantly, althou9h there may be small changes.

7. TEST FRAME

What is the purpose of transistor Q1 in the oscillator tl.ustrated below?

R

R2/\AAr
01

1C2 R3
Vcc

12

[ L3 OUTPUT

a. To feed energy to the tank circuit to ,ubtain oscillations.
b. To feed energy to LI for feedback to the tank circuit..
c. To establish the proper frequency of oscillation.
d. To provide e n tans of coupling the output signal to an external

load.

THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRF:T ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.
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a. To teed energy to the tank circuit to sustain os,'llations.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 11.
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 7 AGAIN.

8. AnWer type of oscillator, called the Colpitts oscillat6r, uses a
tank with two capacitors and a variable inductJr.

M.

The point between the two capacitors is connected to ground. With respect

to ground, the sine wave at the top of the tank is 180° out of phase with
the sine wave at the bottom of the tank. For example, at one instant of

time the charges on the capacitors will be:

The top of the tank will be positive when the bottom is negative. On the

nett half cycle, the top of the tank will be negative when the bottom-is
positive
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Twenty Two-IV

Using the tank illustrated below, and given the sine wave at the bottom
of the tank, draw the sine wave which you would expect to find at the
top of the tank.

.0=11.11.1011M AINO.11.06

9. In the Coipitts oscillator tank circuit, capacitors Cl and C2 act as
a capacitive voltage divider across the tank circuit. The voltage across
C2 will be the input to the amplifier. The output of the amplifier will
be fed back to Cl.

Since the voltage acrctss C2 is the input voltage to the amplifier, the
amount of feedback depends or the ratio of the values of the two tank

capacitors Cl and C2.

If :`yes capacitance of CI is decreased,.the reactance of Cl will increase.
Th;1) will caura more of the total tank voltage to dro^ across Cl and less
across C2. With less voltage across C2, the input sigh)] to the amplifi-
er will be less; tnat is, less feedback will occur.

Tha amount of feedback is very important In establishing oscillations and

maintaining stability in the oscillator. If there is tc' much positive

feedback, the signal will grow larger and larger until it exceeds the

limits of the amplifier causing the sine wave to be distorted. If there

is too little positive Feedback, the oscillations will be damped.

81 88



P.I. Twenty Two-IV

A part of (sample) of the tank sine wave is taken from capacitor
and the amplified sine wave is fed bask to capacitor

C2, CI (in that order)

10. A complete Colpitts oscillator circuit is shown below:

Part of the sine wave is taken out of the tank at point A. This energy
is amplified by transistor Ql. The amplified sine wave is fed back
through capacitor C4 to the tank at point B. The sine Nre oscillations
are thus s..4stained. The oscillator output is taken from4coil L2 which
is wound on the same core with LI. 1.2 frequency of oscillation may be
variel by adjusting LI.

The flow of energy in the Coipitts oscilla4r shown above is from point
A, to point , to point , and IDack to point B.

------
1

D, C, (in that order)

zommamp

Kid 4r.t:a..

.w1.
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(1) List the components in each functional part of the Colpitts oscillator
below:

(21 The two capacitors in the 'ink circuit of a Colpitts oscillator form
a (current/voltage)div"tr r:.w_rk and provide

a. two tank circui. ,als that are in phase.
b. two tank circuit is 180° out of phase.
c. one tank circuit sigh.-.1 at double the amplitude.
d. source voltage to tl... emitter of Ql.

THIS IS A TEST FR:ME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.



P.I. Twenty Two-IV

(1) Tank Cl, C2, LI

Amplifier Q, RI, R773-747,3
Feedback coupling C4

(2) Voltage, b. (two tank circuit si nals 111100 out of hale.)

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAME 13.
OTHERWISE GO BACK TO FRAME 8 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKWG
TEST FRAMF il AGAIN.

12. A variation of the Colpitts oscillator is called the aim oscillator.
The Clapp oscillator has a variable capacitor C3 in series with a fixed
inductor LI in the tank.

-Vcc

The frequency of oscillation can be changed by varying C3. The operation
of the Clapp oscillator is basically the same as the Colpitts oscillator.
Part of the sine wave energy is taken out of the tank at point A, coupled
into the amplifier at point B, is amplified, tapped out of the amplifier
a: point C, and fed back to the tank at point D. Sine wave energy is
also taken out of the tank by the mutual induction between LI and L2.

List the components that determine the frequency of oscillation in tie
at- ye circuit.

L1 Cl C2 and C3
11=1111r==.111m.....11..IMIN.
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13. TEST FRAME

Twenty Two-IV

Select the correct name from cclumn 8 kind match it to its respective
schematic diagram in column A.

a.

b.

c.

COLUMN A COLUMN B

of

)

1. Clapp oscillator

2. Armstrong oscillator

3. Allen oscillator

4. Colpitts oscillator

THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS

GIVEN AT TI-E TOP OF THE NEXT PAGE.

y
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a. 4. Colpitts oscillator
b. 1. Clapp oscillator
c. 2. Armstron oscillator

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAME 17.
OTHERWISE, RESTUDY 'FRAME 12 BEFORE GOING ON.

14. Whenever a meter is used for voltage measurement,on an oscillator
tank circuit, the meter is placed in parallel with the tank.

1'

If the meter is a VON (AN/PSM-4 or Simpson 260) the'energy needed to oper-
ate the meter movement will have to come from the circulating current in
the tank. What will happen to the amplitude of oscillations in the tank
circuit if you connect a VOM to It?

Oscillation amplitude will decrease.

15. The actual amount of decrease will depend upon how much energy is
drawn from the tank.

A second loading effect caused by a standard VOM is a frequency change.
The meter\leads and the meter itself have some capacitive reactance.
How will tills added reactance affect the frequency of the oscillator?

(f .159 )o

/Cr

The frequency will decrease.
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16. Because of these loading effects (decreased amplitude and'change
in oscillator frequency), you must use a voltmeter which will not remove
much power from the circuit. An electronic voltmeter, often called a
VTVM, meets this requirement. The letters VTVM stand f>r Vacuum Tube
Volt Meter, and are generally used for Nly meter that has an electronic
ampliiier in it. Some of these meters have some solid state circuitry
but are still called VTVMs. (See Note 2.) A more mr.dern term for

these meters is EVM for Electronic Volt Meter or DMP for Digltal Multi-
Meter.

Besides a VTVM, what other piece of test equipment can be used to measure
voltage in an oscillator circuit?

An oscilloscope.

NOTE 1: in order to get the minimum loading effect from an oscilloscope
you should use a 10X probe when taking measurements.

NOTE 2: One type of solid state meter uses a field effect transistor in
order to achieve high input impedance. This meter is called an F.E.T. meter.

17. TEST FRAME

List two types of test equipment that can be used to measure voltage in
an oscillator circuit.

THIS IS A TEST FRAME. COMPARE YOUR ANSWFRS WITH THE ANSWERS GIVEN AT

THE TOP OF THE NEXT PAGE.
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An oscilloscope and a VTVM, EVM, or DMM.

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON IV, MODULE TWENTY TWO. OTHERWISE GO BACK TO FRAME 14
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSQN.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK CUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES S THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL OR MOST, OF THE 'ASSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUuIO /VJSUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPEPVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Narrative

NARRATIVE

LESSON IV

OscillatorOperation

Twenty Two-IV

The previous lesson showed how tank circuits establish a given frequency
of oscillation. .This lesson will indicate how amplifiers and feedback
Laths are added tokank circuits. The most common type of amplifier
used in transistorized uscillators is a common-emitter amplifier. Feed-
back can be accomplished in various ways: inductive, capacitive, and
direct.

The feedback to the.tank circuit must be of the proper phase and amplitude
to replenish the losses in the tank circuit. This type of feedback is -

called positive or regenerative: In other words, there must be no differ-
. ence in phase-between the energy that leaves the tank circuit and the

energy that is fed back to the tank circuit. The total phase shift in
thqramplifier'and feedback path must be 0° or 360° (which is equivalent
to10°Y. Since a common-emitter amplifier has a 180° phase reversal, the
phase shift in the feedback path must also i.;, 180°. if there is a total
phase shift of 360°, the sine wave feedback to the tank circuit will
support the oscillations

-

li'the tank.

An Armstrong oscillator uses a common-emitter amplifier and inductive
feedback.

The inductive feedback prp1ides 180° of phase reversal through transformer
action. A typical Armstrong:oscillator is shown below.

r

' C2
1

jC5

TANK

C3

2 C1 I R3

R2 C4
Lt I

FEEDBACKFEEDBACK

pi

89

AMPLIFIER

96

OUTPUT

Vcc

V
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The tank circuit consists of inductor L2 and capacitor Cl. The sine wave
output of the tank is fed through coupling capacitor C3 to transistor
amplifier Ql. Transistor QI amplifies the sine wave produced by the tank.
Part of the amplified sine wave is connected to the oscillator output through
coupling capacitor C5.

The rest of the amplified sine wave is connected through coupling capaci-
tor C2 to inductor 1.1. inductor LI is wound on a common core with L2
(in the tank circuit). LI is referred to as a "Tickler" coil. By mutual

inductance, sine wave energy on LI is induced into L2 to sustain the os-
cillations in the tank. The amplifier will invert the sine wave by 1800
and the transformer action between LI and 12 will invert the sine wave
by another 180 °.

The sequence of energy flow can .':,e shown as:

Armstrong Oscillator

Notice that Cl is a variable capacitor. This allows an easy method of

varying the frequency .of oscillation.

The purpose of LI is to

a. establish oscillator frequency.
b. provide coupling of the feedback path.
c. couple the energy out of the resonant tank.
d. provide a DC path to ground.
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Narrative Twenty Two-IV

b. provide coupling of the feedback path.

The arrangement of the various elements in an oscillator can be changed
and we can still have a functioning circuit. For example, the oscillator
Illustrated below is also an Armstrong oscillator.

R1

The output energy in the Armstrong oscillator is coupled through 13.
Inductors 11, L2, and L3 are all wound on the same core.

Which inductor in the Armstrong oscillator will determine the frequency

of oscillation?

since it is part of the tank circuit.
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Narrative Twenty TwoIV

SMALL PORTION OF ENERGY
FOR FEEDBACK

OUTPUT ENERGY

Armstrong Oscillator

OUTPUT

Another type of oscillator, called the Colpitts oscillator, utilizes a

special type of tank circuit with two capacitors and a variable inductor:

The point between the two capacitors is connected to ground so that, at

one instant of time, the charges on the capacitors will be as shown

. below: the top of the tank will be positive and the bottom negative.

-,-
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Narrative Twenty Two-IV

o On the next half cycle, the top of the tank will be negative when the
bottom is positive, as shown below:

Therefore, the sine wave at the top of the tank will be 1800 out of phase
with the sine wave at the bottom of the tank.

In the Colpitts oscillator tank circuit, capacitors Cl and C2 act as a
capacitive voltage divider across the tank circuit. The Joltage across
C2 will be the input to the amplifier and the output of the amplifier
will be fed back to Cl. The amount of feedback depends on the ratio of
the values of the two tank capacitors.

A typical COlpitts oscillator circuit is shown below:

C4

Part of the sine wave energy is taken out of the tank at point A. This
energy is fed to point D and is amplified by transistor 111. The ampli-
fled sine wave appears at point C and is fed back through capacitor C4
to the tank at point B. The sine wave oscillations are thus sustained
The oscillator output is taken from coil 12 which is wound on the same
core with LI.
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Narrative Twenty Two -IV

List the components in each functional part of the Colpitts oscillator.

Tank
Amplifier
Feedback coupling

r.
O.

COMPONENTS

Tank Cl, C2, LI

Amplifier 41 R1, R2, R3, R4 C3

Feedback coupling C4

A variation of the Colpitts oscillator is called the Clapp oscillator.
The Clapp oscillator has a variable capacitor (C3) in series with a fixed
inductor (LI) in the tank.

-Vcc

R2

OUTPUT

The frequency of oscillation can be changed by varying C3. The operation

of the Clapp oscillator is basically the same as:the Colpitts oscillator.
Part of the sine wave energy is taken out of the tank at point A, coupled
into the amplifier at point B, is amplified, tapped out of the amplifier
at point C, and fed back to the tank at point 0 to produce an output and
continue oscillations.
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Narrative Twenty Two-iv

Sine wave energy is also taken out of the tank by the mutual induction
between II and L2.

List all the components of the Clapp oscillator that determine the fre-
quency of Oscillation.

LI, Cl, C2, and C3

The name of the game is troubleshooting and in order to troubleshoot you
need test equipment. When troubleshooting oscillators, care must be taken
i0ochoosing the correct voltmeter to use.

If you were tc, connect a standard V 0 M (i.e., AN/PSM-4 or Simpson 260)

to an oscillator circuit, the output frequency and amplitude would changes
These loading effects could cause false casualty indications elsewhere
in the system. It is even concr.!vable that actual casualties could be
caused by using the wrong meter.

6

Here is an example of the type of trouble you can get into by using im-
proper test equipment. A technician' connects a VOM to an.oscillator
circuit andhe notices the amplitude and frequency in the circuit are
wrong so he adjusts them until they are correct. Now when he removes
the meter, the loading effeit disappears and the amplitude and frequency
of the output change. The d parr of this story is that, unless he

realizes his mistake, he ma go far afield looking for the source of
his troubles before he comes ack to these adjustments because he has
already made them and they ar correct".

The meter that must be psed to measure voltage in an oscillator circuit
is one which will not load down the circuit: An electronic voltmeter
has a high input impedance (2) and will rapt load these circuitlk

This type of meter is usually referred to as a VTVM (Vacuum Tube Volt
Meter) even though some of the newer types have solid state circuitri.
A more modern term is EVM (Electronic Volt Meter) or DMM (Digital
Multimeter).

NOTE: One type of solid state electronic meter uses a field effect tran-
sistor in order to achieve high input impedance. This meter is

called an C.E.T. meter.
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Narrative Twenty Two-IV

Another piece of test equipment (other than a meter) that can be used to
measure voltages in an oscillator is an oscilloscope. Due to its inter-
nal construction, an oscilloscope will generally not load down the
circuit under test.

NOTE: in order to get the minimum loading effect from an oscilloscope
you should use a 10X proLc while taking'measurements.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO-THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH.' IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS, (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWtR ALL SELF -TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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