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PREFACE

This kit has been prepared to help you reach a
thorough understanding of one of the primary
tools of electronics, the oscilloscope, Although
the text assumes no previous electrical know-
ledge on your part, it was written to furnish
you with a great deal of useful information,
regardless of whether you are experienced in
electronics, or just a beginner,

If you are just starting in electronics, this kit
should be quite helpful, not only in understanding
the oscilloscope, which is important enough to
itself, but also in understanding basic electronic
circuits, To understandbasic electronic circuits
is to understand the building blocks of the age of
electronics,

If you are already in the electronics field, either
as a professional or as an amateur, much of the
material presented will be familiar to you, es-
pecially in Parts I and III. Even so, it would be
well to read these parts torefresh your memory
on some of the basic concepts of electronics
and oscilloscope theory that you may have for-
gotten.

Part I of this book offers an introduction to
the nature of and the need for oscilloscopes; it
also gives oscilloscope operating instructions,
Part II gives the complete assembly instruc-
tions for the test chassis and the special quick-
connect test parts of this kit,

Part III of this book explains the basic theory
of electricity, The text in each chapter hasbeen
prepared to make learning the basic principles of
electricity as easy and interesting as possible,
To give you practical demonstrations of the
concepts involved, Part IV of the book makes

use of the basic principles learned in Part
III to explain the theory of oscilloscope op-
eration,

Part V of this book gives instructions for
maintenance andrepairs your oscilloscope might
need, Part V should be used with, not in place
of the information furnished with your oscillo-
scope by its manufacturer,

Part VI describes special types of oscilloscopes
and oscilloscope applications, After Part VI a
Bibliography lists a number of publications where
additional information about oscilloscopes canbe
obtained, A Glossary of Terms provides you
with a handy list where you can quickly look up
the definitions of common electronic and oscil-
loscope terms,

Do not become concerned if your grasp of the
ideas in Parts III and IV is vague after the
first reading, Unfamiliar concepts have a way of
coming into focus after a second reading, During
the second reading, however, to be sure that you
do have a solid grasp of each idea before pro-
ceeding to the next, Do not feel above reading
the material a second time, since a thorough
knowledge of basic principles is essential to
getting the most from your oscilloscope.

The knowledge gained from this Technical
Application Kit should enable you to pursue
a hobby in electronics and it may even enable
you to do some professional repair work, Since
your main purpose in following this text and
carrying out the experiments will be to learn,
we trust that you will find it a rewarding and
satisfying experience.
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PART |
An Introduction to the 0scz'lloscope

CHAPTER 1

The term "oscillation' means the act of fluctu-
ating, or swinging back and forth, The pendulum
of a clock is oscillating when it swings to and
fro to keep the clock operating, Other oscilla-
tions occur all around us in many places, One
of the most common examples of an oscillation
is shown in the waves that showup when a stone is
thrown into a pool of water, These waves, which
flow in all directions from where the stone
entered the water, are actually oscillations of the
water,

Oscillations can also be found in almost all
electrical circuits, These electrical oscillations
look much like the waves of water whenthey are
seen on an oscilloscope; they increase and de-
crease in size (amplitude) at a regular rate,
Electrical oscillations may occur at almost any
rate from less than 10 times per second up to
many millions of times per second, The rate at
which these electrical oscillations occur is
called the "frequency;" it is expressedin cycles
per second (cps), thousands of cycles per second
(kilocycles, or ke), or millions of cycles per
second (megacycles, or mc).
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What is an Oscilloscope?

An oscilloscope is an electrical test instrument
used to view electrical oscillations on a fluo-
rescent screen, It can also be used to view
mechanical and acoustical oscillations if they
are first converted into electrical voltages.

The oscillations seen on an oscilloscope are used
much like X-rays are used by doctors, X-rays
allow a doctor to analyze the inner workings of
the human body, The oscilloscope makes it
possible for the operator to analyze electronic
circuits by looking at the oscillations inthe cir-
cuit,

Oscilloscopes are used extensively in allplaces
where electrical and electronic circuits are
found; in radio and TV service shops, in engin-
eering, in scientific research and development
laboratories, and in the production of electronic
equipment, Their use is alsogradually becoming
rather widespread in science classrooms, It is
hard to imagine any electronic device being de-
veloped today without an oscilloscope being used
in the design and development process,

BASE

Basic Oscilloscope Principles

The purpose of introducing these basic princi-
ples to you at this time is to give you some
familiarity with the oscilloscope to enable you
to operate the controls more efficiently, Oscillo-
scope theory will be presented in detail in
Part IV,

An oscilloscope has many similarities to your
television set; both show you pictures on a
fluorescent screen, The fluorescent screen on
the picture tube of the television set shows
scenes from the television studio, The fluores-
cent screen on the oscilloscope, instead of show-
ing a scene, shows an electrical waveform, This
waveform will be from the circuit being tested
by the oscilloscope.

The fluorescent screen is contained on the face
of a special tube called a cathode raytube (Fig-
ure 1-2). A stream of electrons fromthe base of
the tube is directed against the fluorescent
coating, causing a spot of light to appear on the
face of the tube, The spot of light is then moved
vertically and horizontally on the tube by the
horizontal and vertical circuits of the oscillo-
scope to make a line,

SPOT OF
LIGHT

FACE
OF
TUBE

------

FLUORESCENT
SCREEN

Figure 1-2
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An easy way to think of this spot of light would
be to compare it to the spot of light made
by the beam from a flashlight on a wall, By
moving the flashlight beam horizontally and
vertically, different wave patterns could be
traced on the wall, If the wall were of a fluor-
escent material, these waveforms would stay
visible for a while after the light had been
removed, The line, or waveform, on a cathode
ray tube stays visible in this same manner,
while the spot sweeps back and forth,

Figure 1-3 shows that the horizontal circuits
cause the spot of light to move back and forth
across the tube horizontally, The vertical cir-
cuits cause the spot to move vertically on the
face of the tube,

Suppose a circuit is to be tested by the oscillo-
scope to see if it contains the correct waveform,
First, test leads would be connected from the
vertical input of the oscilloscope to the circuit,
If the waveform in the circuit had a "frequency"
of 500 times per second (500 cps), you would
adjust the controls so the horizontal circuits
would move the spot back and forth 500 times

HORIZONTAL
CIRCUITS

per second, The spot would then be moving
across the fluorescent coating at the same rate
as the waveform being tested, The oscilloscope
vertical amplifier would then amplify (enlarge)
the test waveform, and cause the spot to move up
and down to match the waves in the test wave-
form, Thus, the test waveform would appear to
be standing still on the face of the cathode ray
tube,

The vertical and horizontal circuits of an
oscilloscope control the spot on the cathode
ray tube just as you might do with a flashlight
if you followed the motion of aflyacross a wall,
The illuminated spot would have to be moved
across the wall horizontally, at the same speed
as thefly, to keep the fly in the beam of the flash-
light, The spot would also have to be moved
vertically when the fly moved vertically, This
type of vertical and horizontal motion is con-
trolled in the oscilloscope by the horizontal
and vertical circuits,

NOTE: I your oscilloscope is in kit form, it
should be assemblednow, before proceeding with
the following chapter,

VERTICAL
CIRCUITS

v

Figure 1-3
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Part I

CHAPTER 2
0scz'lloscope Opemtimz

This book uses the Heathkit Model
10-12 Oscilloscope in all drawings
as an example of a typical oscillo-
scope, Nomatter what make or model
oscilloscope you have, you will find
that it has most of the same controls,
but they may be in different locations,

Figure 1-4 shows the front panelofa
typical oscilloscope, Note that the
controls are divided into groups, or
sections, At the upper right is a
group of controls that adjusts the spot
and its position, Attheleftisagroup
of controls that adjusts the vertical
size; at the right is a group that
changes the horizontal width and fre-
quency, At the bottom of the panelis
a group called the synchronization

controls, Now look at your own YERTIEAL.
oscilloscope; if it is different from  coarse anp
FINE SIZE.

this model, establish the location of
each of the controls, Some oscillo-
scopes do not have all of these
controls and some may have addi-
tional controls, Also, some oscillo-
scopes have some of their controls
on the chassis and not on the front

_—

L SPOT AND
SPOT POSITION
CONTROLS.

panel,

Spot Controls

INTENSITY. The Intensity control is used to
adjust the brightness of the spot on the screen,

FOCUS, The Focus control is adjusted to
define the spot sharply on the fluorescent
screen, The overall result of a sharply focused
spot is a sharp clear image of a waveform,

VERTICAL POSITION. The Vertical Position
control (often called the Vertical Centering
control) adjusts the position of the spot vertically
on the fluorescent screen,

HORIZONTAL POSITION. The Horizontal Posi-
tion control (also called the Horizontal Center-
ing control) adjusts the position of the spot
horizontally on the fluorescent screen,

Each of these position controls moves the whole
waveform on the oscilloscope screen,

HORIZONTAL

CONTROLS:

SIZE AND
SPEED.

L 100
FREQ.
VERNIER

O3, PUT

uf

SYNCHRONIZATION
CONTROLS

Figure 1-4
The Vertical Controls

VERTICAL INPUT. The Vertical Input switch is
a coarse adjustment for the vertical size of
any waveform that appears on the oscilloscope,
The signal will appear largest when the switch
is in the "X1" position, The signal will appear
smallest when the switch is in the '"X100"
position,

VERTICAL GAIN. The Vertical Gain control is
a fine adjustment of the vertical size of any
waveform that appears on the oscilloscope,

Horizontal Controls

HORIZONTAL FREQUENCY. The Horizontal
Frequency selector is a coarse adjustment of
how many times per second the spot will be
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swept across the face of the scope, The slowest
horizontal speed is at the position shown by the
dot near the number 10, The highest horizontal
speed is shown by the dot at the position near
500 ke, The terms preset 1, preset 2, line sweep
and external sweep are for special applications
and will be discussed in Part IV.

FREQUENCY VERNIER. The Frequency Vernier
control is a fine adjustment of the horizontal
speed (frequency) of the spot,

HORIZONTAL GAIN. The Horizontal Gain con-
trol adjusts the width of the waveform or the
line on the oscilloscope,

Synchronization Controls

The simplest way of explaining synchronization
at this point would be with an anology. The
frequency of the spot on the face of the tube
and the frequency of the waveform to be tested
could be compared to two cars driving
beside each other on the highway, To stay
exactly side by side, the two cars would
have to drive at exactly the same speed,
One of these cars could represent the speed of
the spot and the other car could represent the
speed of the signal being tested, A very slight
adjustment in speed would make one car pull in
front of or fall behind the other car,

Synchronizing the spot and test frequencies
would lock them together, just like placing a
bar between the two cars would lock them at
exactly the same speed, First, the horizontal
controls would adjust the frequency of the spot
to be exactly the same as the frequency of the
test signal; then the synchronization controls
would be adjusted to lock the two frequencies
together,

SYNC SELECTOR. The Sync Selector selects
different ways in which synchronization can be
accomplished, Normally, either '+ internal"
or "- internal' positions are used. The oper-
ation of this control will be explained in detail
in Part IV of the manual,

EXTERNAL SYNC AMPLITUDE. Operation of
this control will also be explained in detail in
Part 1IV.

Other Controls

PHASE. This control is only used for special
applications; its uses will be explained in
Parts IV and VI.

The following are some of the additional types of
controls that are often found on oscilloscopes.

ASTIGMATISM. An Astigmatism control oper-
ates much like the Focus control of an oscillo-
scope., Where the focus control adjusts the spot
for a good sharp image on the face of the tube,
the astigmatism control adjusts the spot to make
sure it is round, This helps to give greater
clarity to waveforms viewed on the oscilloscope.

TRIGGERING. Triggering controls operate much
like synchronization controls in that they lock
the frequency of the spot to the frequency of
the signal being tested, Generally the manual
received with the oscilloscope must be studied
for proper operation of triggering controls, since
there are many different methods of usingthese
controls,

Safety

Safety is an important consideration in any
electrical work, especially when high voltages
are involved, Though the human body may be a
wondrous mechanism, it was not designed to be
a conductor of electric current. Always bear in
mind that high voltages may appear in unpredict-
able places when you are testing defective equip-
ment,

A foolproof rule to follow is to never touch two
parts of a live circuit or any part of a live
circuit and a ground connection (such as metal
workbench, water pipe, or the ground connection
in the circuit itself) at the same time_ If you do,
you become part of the circuit,

Always make the common (ground) test lead con-
nection first, When making connections with al-
ligator clips or when positioning probes, it is
best to keep one hand in your pocket, A rubber
mat on the floor around your workbench will pre-
vent you from becoming a ground connection in
this way, but this is only an additional precau-
tion and does not insure your safety, Thorough
knowledge of the circuit in which you are
working will make you aware and wary of es-
pecially dangerous points,
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When examining or repairing a piece of electronic
equipment, do not make the mistake of assuming
that you are safe from an electrical shock
simply because the equipment is turned off or
unplugged, This is not always the case, Many
pieces of electronic equipment contain capacitors
as part of their circuitry, As you will learn
in Part III, the capacitor is a device that
stores electrical energy, Thus, capacitors often
stay charged, especially in faulty equipment,
even after the equipment has been unplugged,
If your body should complete a circuit between
two ends of a capacitor, a high voltage dis~
charge will pass through you, It is a good
idea to use a piece of hookup wire or a screw-
driver blade to discharge any capacitors in the
circuit in which you are working,

EXPERIMENT 1-1

Turn on your oscilloscope in order to familiar-
ize yourself with the controls by operating them,
Usually, oscilloscopes are turned on by turning
the Intensity control clockwise; after warmup,
turn the intensity up until a spot or line is visible
on the cathode ray tube,

CAUTION: If a spot is left for along time at the
same place on a tube, it will cause a burned
spot to develop, If only a spot is visible, turn
the Horizontal Gain control until a line shows
that is about as wide as the face of the tube. Do
not have the Horizontal Frequency selector in the
External position, or a line will not appear.

Normally, the first thing to do after the oscillo-
scope is turned on is to adjust the spot controls
for a sharp clear line, Next, adjust the position
controls so the line is centered on the cathode

ray tube, Connect a signal to the Vertical Input
binding post, This signal may be of any fre-
quency from a RF or AF generator (if one is
available) or it may be a 60 cps signal from
one of the following other sources,

Often, oscilloscopes will have a test voltage
binding post on the front panel, marked "1 volt
P-P" or "6 Volt test,” If your oscilloscope
has such a post, connect a wire from it to the
Vert Input binding post,

If there is no other signal available, touch the
Vert Input binding post with your finger (normally
there is no shock danger anywhere on the front
panel); this will introduce a 60 cps stray pickup
signal into the oscilloscope,

Turn the vertical controls until you see the
waveform about half as high as the face of the
cathode ray tube,

Adjust the Horizontal Frequency and Frequency
Vernier controls until two or three complete
waveforms appear,

Turn the Sync Selector to the "+ Internal posi-
tion, If your oscilloscope has a sync amplitude
control (not marked external sync amplitude;
these are for special applications only), it should
be turned up from the zeroposition just until the
signal on your cathode ray tube is locked in
place, and stops moving,

The signal is now being displayed on your oscillo-
scope, A stray pickup signal of course, will not
be very stable in size, but it will still help you
to learn the uses of the controls, Practice
"tuning in'" waveforms in the above manner until
the different control functions become familiar,
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PART I
Test Chassis and Parts Assembly

The Test Chassis and parts that youassemble in
this section will be used to conduct the experi-
ments in Parts III and IV. The quick-con-
nect parts and terminals allow many different
circuits to be connected on the chassis, This
system allows circuits to be constructed quickly,
It also helps to take away the drudgery of re-
peatedly soldering and unsoldering parts from
solder terminals,

SPECIFICATIONS

Test Chassis, .

® ¢ 0 0 060 0 ¢ 0 ¢ 8 9 0 e 0 0 0

CHP=0n PaTte. & o umvi6 w55 6l bt osene s s sias
COontPolS. . v v on v o oty 821 LI B
Power Supply. ..... G5 5 e e 8 e st e

Overall Dimensions

Mot Welght, « v ssnsnnnnsn &5 0

Terminal strips, controls, coil, switch, and
output terminals are permanently installed on
the Test Chassis.

3 transistors, 17 resistors, 9 capacitors; extra
clips, wire and sleeving also furnished,

1 - 100 K9 control,
1 - 20 K control,
1 - OFF-ON switch,

2-size AA 1,5voltpenlight batteries mountedina
holder on the Test Chassis,

6-1/8" wide x 9" deep x 3" high,

1-1/2 1bs,
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Figure 2-2

The schematic shown above is for the audio
oscillator circuit that will be assembled on the
Test Chassis in this section, A thorough descrip-
tion of this circuit is included in Chapter 8 of

Part IIIL.



HEATFIIT

Test Chassis

CONSTRUCTION NOTES

Refer to the "Kit Builders Guide' for complete
information on unpacking, parts identification,
tools, wiring, soldering, and step-by-step as-

sembly procedures,

UNPACK THE KIT CAREFULLY AND CHECK
EACH PART AGAINST THE PARTS LIST. In
doing this you will become acquainted with the
parts, Refer to the information on the inside
cover of the Manual and in the Kit Builders
Guide to help you identify the components, If
some shortage or parts damage is found in check-
ing the Parts List, please readthe Replacements
section and supply the information called for
therein,

Resistors generally have a tolerance rating of
10% unless otherwise stated in the Parts List,
Tolerances on capacitors are generally even
greater,

We suggest that you do the following before work
is started:

1, Lay out all parts so that they are readily
available,

2, Provide yourself with good quality tools,
Basic tool requirements consist of a screw-
driver with a 1/4" blade; a small screw-
driver with a 1/8" blade; long-nose pliers;
wire cutters, preferably separate diagonal
cutters; a penknife or a tool for stripping
insulation from wires; a soldering iron (or
gun) and rosin core solder,

Many kit builders find it helpful to separate the
various parts into convenient categories, Muffin
tins or molded egg cartons make convenient
trays for small parts, Resistors and capac-
itors may be placed with their lead ends in-
serted in the edge of a piece of corrugated
cardboard until they are needed, Values can
be written on the cardboard next to each
component, The illustration shows one method
that may be used,
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Part II

(S mamr )

PARTS LIST

The numbers in parentheses in the Parts List
are keyed to the numbers on the Parts Pictorial
to aid in parts identification, The values of re-

sistors are given in ohms (), K meanto multi-
ply by 1000; the values of capacitors are given
in microfarads (ufd) or micro-microfarads (uuf).

PART PARTS DESCRIPTION

No, Per Kit

Resistors
(1)1-66 2 150 Q (brown-green-brown)
1-9 2 1000 @ (brown-black-red)
1-44 1 2200 @ (red-red-red)
1-16 2 4700 Q (yellow-violet-red)
1-19 1 6800 Q (blue-gray-red)
1=22 4 22 KQ (red-red-orange)
1-24 1 33 KQ/(orange-orange-
orange)
1-25 3 47 KQ (yellow-violet-orange)
1-26 2 100 KQ (brown-black-yellow)
1-31 1 330 KQ (orange-orange-yel-
low)
Czt[mcitors
(2)21-56 1 470 puf dise
21-140 1 .001 pfd disc
2147 2 .01 ufd disc
2148 3 .05 pfd disc
2195 2 .1 pfd disc
Hardware
3) 25043 2 8-32 setscrew
4) 250-56 20 6-32 screw
(5) 252-3 22 6-32 nut
6) 25927 2 Control nut
(7) 253-1 4 Flat fiber washer
8) 253-2 4 Fiber shoulder washer
(9) 253-10 2 Control flat washer
(10)254-1 14 #6 lockwasher
(11)254-4 2 Control lockwasher
(12)258-33 1 Battery retaining spring
(13)259-1 6 #6 solder lug
(14)260-37 82 Spring clip

NOTE: Two size AA 1.5 volt penlight batteries
will also be needed before your test chassiscan
be put in operation, By purchasing them now,
you will be able to use your Test Chassis as
soon as assembly is completed,

PART PARTS
No., Per Kit

DESCRIPTION

Wire-sleeviug

340-2 1 Length bare wire
344-21 1 Length hookup wire
(15)346-1 1 Length black sleeving, fiber-
glas lining
(16) 346-19 1 Length black sleeving, pure
plastic (no lining)
(17) 346-4 1 Length black sleeving, fiber
type
Miscellaneous
(18)10-10 1 20 K@ control
10-40 1 100 KQ control
(19) 40-383 1 Oscillator coil
(20) 60-1 1 Slide switch
(21)401-36 1 Earphone
(22) 417-35 3 Transistor
474-5 1 Magnet
23)73-4 2 Grommet
(24)75-17 4 Binding post insulator
(25)427-3 2 Binding post base
(26)100-16-2 1 Black binding post cap
100-16-18 1 Red binding post cap
200-368-1 1 Chassis
(27)214-15 1 Battery bracket
390-120 1 Battery label
(28)431-65 6 Terminal strip
462-52 2 Knob
(29)490-1 1 Alignment tool
1 Manual (See front cover

for part number,)
Solder

To order replacement parts, refer to the Re-
placement Parts Price List and use the Parts
Order Form furnished with this kit,
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PROPER SOLDERING TECHNIQUES

Only a small percentage of customers find it
necessary to return equipment for factory
service, By far the largest portion of mal-
functions in this equipment are due to poor
or improper soldering,

If terminals are bright and clean and free of wax,
frayed insulation and other foreign substances,
no difficulty will be experienced in soldering,
Correctly soldered connections are essential if
the performance engineered into a Kit is to be
fully realized, If you are a beginner with no
experience in soldering, a half hour's practice
with some odd lengths of wire may be a worth-
while investment,

For most wiring, a 25 to 100 watt iron or its
equivalent in a soldering gun is very satisfactory,
A lower wattage iron than this may not heat the
connection enough to flow the solder smoothly,
Keep the iron tip clean by wiping it from time
to time with a cloth,

Chassis Wiring and Soldering

1. Unless otherwise indicated, all wire used
is the type with colored insulation (hookup
wire), In preparing a length of hookup wire,
1/4" of insulation should be removed from
each end unless directed otherwise in the
assembly step,

CRIMP WIRES

APPLY SOLDER

9. Crimp or bend the lead (or leads) around the
terminal to form a good joint without re-
lying on solder for physical strength, If
the lead is too large to allow bending or if
the step states that it is not to be crimped,
position it so that a good solder connection
can still be made,

3. DPosition the work, if possible, sothat gravity
will help to keep the solder where you want
it?

4. Place a flat side of the soldering iron tip
against the joint to be soldered until it is
heated sufficiently to melt the solder,

5. Then place the solder against the terminal
and it will immediately flow over the joint;
use only enough solder to thoroughly wet
the junction, It is usually not necessary to
fill the entire hole in the terminal with
solder,

6. Remove the solder and then the iron from
the completed joint, Use care not to move
the leads until the solder is solidified,

A poor or cold solder joint will usually look
crystalline and have a grainy texture, or the
solder will stand up in a blob and will not have
adhered to the joint, Such joints should be re-
heated until the solder flows smoothly, In
some cases, it may be necessary to add a
little more solder to achieve a smooth, bright
appearance,

PROPER SOLDER
CONNECTION

ALLOW SOLDER
TO FLOW
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Part II
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ROSIN CORE SOLDER HAS BEEN SUPPLIED
WITH THIS KIT. THIS TYPE OF SOLDER
MUST BE USED FOR ALL SOLDERING IN
THIS KIT. ALL GUARANTEES ARE VOIDED
AND WE WILL NOT REPAIR OR SERVICE
EQUIPMENT IN WHICH ACID CORE SOLDER
OR PASTE FLUXES HAVE BEEN USED. IF
ADDITIONAL SOLDER IS NEEDED, BE SURE
TO PURCHASE ROSIN CORE (60:40 or 50:50
TIN-LEAD CONTENT) RADIO TYPE SOLDER.

STEP-BY-STEP PROCEDURE

The following instructions are presented in a
logical step-by-step sequence to enable you to
complete your kit with the least possible con-
fusion, Be sure to read each step all the way
through before beginning the specified operation,
Also read several steps ahead of the actual step
being performed, This will familiarize you with
the relationship of the subsequent operations,
When the step is completed, check it off in the
space provided, This is particularly important
as it may prevent errors or omissions, espe-
cially if your work is interrupted, Some kit
builders have also found it helpful to mark each
wire and part in colored pencil on the Pictorial
as it is added,

Illustrations

The fold-out diagrams in this manual may be
removed and attached to the wall above your
working area; but because they are an integral
part of the instructions, they should be returned
to the manual after the kit is completed,
In general, the illustrations in this manual

correspond to the actual configuration of the
kit; however, in some instances the illustra-
tions may be slightly distorted to facilitate
clearly showing all of the parts,

So/dering

The abbreviation '"NS'" indicates that a con-
nection should not be soldered yet as other
wires will be added, When the last wire is
installed, the terminal should be soldered and
the abbreviation "'S" isusedto indicate this, Note
that a number will appear after each solder
instruction, This number indicates the number of
leads that are supposed to be connected to the
terminal before it is soldered, For example,
if the instruction reads, ""Connect a wire to lug
1 (S-2)," it will be understood that there will be
two wires connected to the terminal at the time
it is soldered, The steps directing the installation
of resistors include color codes to help identify
the parts.
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STEP-BY-STEP ASSEMBLY

Mechanical Assembly

Refer to Pictorial 2-1 for the following steps.,
() Install grommets at AA and BB.

() Install the six terminal strips as shown in

Detail 2-1A, with 6-32 screws, #6 lock-
washers, and 6-32 nuts.

ég #6 LOCKWASHER
Detail 2-1A @) 6-32 nuT

( ) Mount the 20 KQ control (#10-10) and the
100 K control (#10-40) on the front panel
as shown in Detail 2-1B, with control lock-
washers, control flat washers, and control
nuts, Turn the shafts of the controls totheir
full counterclockwise positions,

() Install a knob on each control shaft, Position
each knob so its pointer points toward the
word MIN, and then tighten the setscrew,

CONTROL __,.

LOCKWASHER

-~

@

i @

FLAT STEEL WASHER—" " f
CONTROL NUT. S

B

Detail 2-1B

( ) Mount the slide switch on the front panel
by installing two 6-32 screws through the
front panel holes, into the tapped holes on

()

(o)

(5

the switch, Be sure the lugs are in the
position shown,

Install the coil as shown in Detail 2-1C. Be
sure the indexing tab has been installed in
the slot, then move the coil back and forth
sideways until the side tabs snap intoplace.

INDEXING
TAB

%ﬁcmss«s

= Detail 2-1C

Install the binding post bases on the rear
panel as shown in Detail 2-1D. Place the
solder lugs as shown,

Install red and black binding post caps on
the binding post bases as shown,

Refer to Detail 2-1E and slightly spread the
open end of the binding posts with a phillips
screwdriver after the binding post caps have
been screwed on, Tap the screwdriver
lightly, This will keep the binding postcaps
from falling off,

)
BINDING
POST CAP [

BINDING
POST BASE

H
BINDING
POST BASE
INSULATOR
BINDING @
POST BASE
INSULATOR BINDING

POST CAP
6-32 NUT

#6 SOLDER LUG

6-32 NUT

| |

Detail 2-1D Detail 2-1E
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6-32 NUT
#6 SOLDER LUG
FLAT FIBER WASHER
\ FIBER SHOULDER WASHER

\ 6-32 SCREW
Y | @

Detail 2-1F

() Locate the battery bracket and position it as
shown in Detail 2-1F,

() Mount two #6 solder lugs on each end of the
battery bracket, Use a 6-32 screw, a fiber
shoulder washer with the shoulder centered
in the hole, a fiber flat washer, a #6
solder lug, and a 6-32 nutfor each mounting,
Before tightening, bend solder lugs G and
H until they overlap. Now solder them to-
gether, Be sure the soldered connection does
not touch the battery bracket.

() Install the battery bracket on the bottom of
the chassis as shown in Detail 2-1G, Fasten
it in place with 6-32 screws, #6 lockwashers
and 6-32 nuts, Be sure to bend lugs J and
K over as they are shown,

( ) Remove the paper backing from the battery
label and place the label in the bottom of
the battery housing,

In each of the following steps using hookup wire,
cut the hookup wire to the length indicatedin the
step and then remove 1/4" of insulation from each
end,

( ) Insert one end of a 2-1/4" hookup wire
down through grommet AA and connect it
to lug K of the battery bracket (S-1). Con-
nect the other end of this wire tothe solder
tab on lug 1 of terminal strip D (NS).

atGLOCKWASHER—-i \
6-32 NUT—= NN

Detail 2-1G

() Insert one end of a 4-1/4" hookup wire
down through grommet BB and connect
it to lug J of the battery bracket (S-1).
Connect the other end of this wire to lug
2 of the OFF-ON switch (S-1).

NOTE: In the following steps, connections should
be made to the solder tabs as shown, not to the
terminal pins, Refer to Pictorial 2-1,

( ) Connect a 4-1/2" hookup wire from lug 1 of
terminal strip D (S-2) to lug 1 of terminal
strip F (NS).

() Connect a 3-1/2" hookup wire from lug 1 of
terminal strip F (NS) to binding post B
(S-1).

() Connect a 1-1/2'" bare wire fromlug1 (S-3)
to the eyelet at the end of terminal strip
F (S-1).

( ) Connect a 4-1/2'" hookup wire from lug 1 of
terminal strip E (S-1) to the lug of binding
post A (S-1).

( ) Connect a 4-1/2" hookup wire from lug 4
of terminal strip E (S-1) to lug 4 of
terminal strip C (NS).
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() Connect a 5-1/2" hookup wire from lug 4 of () Connect a 2-1/4" hookup wire from lug 3

terminal strip C (S-2) to lug 1 of the OFF-
ON switch (S-1).

Insert one end of a bare wire through lug 2
of terminal strip C (NS) to lug 2 of the coil
(S-1). Now solder the wire to lug 2 of the
terminal strip (S-1) and clip off the excess
wire,

Insert one end of a bare wire through lug 1
of terminal strip C (NS) to lug 1 of the coil
(S-1). Now solder the wire to lug 1 of the
terminal scrip (S-1) and cut off the excess
wire,

Insert one end of a bare wire through lug 3
of terminal strip C (NS) to lug 3 of the coil
(S-1). Now solder the wire to lug 3 of the
terminal strip (S-1) and cut off the excess
wire,

Connect a 2-1/4" hookup wire from lug 1
of terminal strip A (S-1) to lug 1 of the
100 K control (S-1).

Connect a 2-1/4" hookup wire from lug 2
of terminal strip A (S-1) to lug 2 of the
100 KQ control (S-1).

Connect a 2-1/4" hookup wire from lug 3
of terminal strip A (S-1) to lug 3 of the
100 K control (S-1).

Connect a 2-1/4" hookup wire, from lug 2
of terminal strip B (S-1) to lug 1 of the
20 KQ control (S-1).

{4

{9

of terminal strip B (S-1) to lug 2 of the
20 K control (S-1).

Connect a 2-1/2" hookup wire from lug 4
of terminal strip B (S-1) to lug 3 of the
20 K92 control (S-1).

Bend all of the unused solder tabs down as
they are shown in the Pictorial, Be sure
these tabs do not touch the metal of the
chassis.,

This completes the permanent wiring on your
Test Chassis,

( ) Install two penlight batteries in the battery

e
///

housing as shown in Detail 2-1H, Install the
battery retainer spring as shown, If the
batteries do not make good contact against
the terminal screws, bend the ends of the
battery housing inward a small amount,

y |

Detail 2-1H
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Part I [ R
; FIBERGLAS i
. LINED :
| SLEEVING |
WI = TRANSISTOR
I

PURE 4" FIBERGLAS
PLASTIC ’r LINED
SLEEVING\/@  SLEEVING

LONG-NOSE PLIERS

CAPACITOR

HOOKUP WIRE

& s

Ir27 FIBER SLEEVNG

Pictorial 2-2

Quick-connect Parts Assembly

Refer to Pictorial 2-2 for the following steps,

Install clips and sleeving on the leads of each
resistor and capacitor as directed inthe follow-
ing four steps,

1. Cut somefiberglas lined sleeving to the same
length as the lead and put this sleeving
over the lead,

2. Press the sleeving back toward the body of
the resistor or capacitor, andfasten the end
of the lead to one of the eyes in the clip,

3. Holding the lead with pliers with a rubber
band placed around the handle, solder the
clip and lead together,

4,

~

Slide the sleeving over the solder connection,

Place a 5/16'"" length (approximately) of pure

plastic sleeving over the other eye of the clip.

Install clips and sleeving on each lead of
each transistor in the same manner,

Prepare three 3-1/4" and three 6" con-
necting wires as shown, Place 1/2'" length
fiber sleeving over the ends of the lead
before attaching and soldering the clips,
After the clips are soldered, slide the lengths
of fiber sleeving over the solder joints,
Install short lengths of pure plastic sleev-
ing over the other eye of each clip,

Install clips on the earphone leads, using
1/2" lengths of fiber sleeving and 5/16"
lengths of pure plastic sleeving,
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Audio Oscillator Assembly

NOTE: Make sure the slide switch is inthe OFF
position,

Refer to Pictorial 2-3 (fold-out from Page 12)
for the following steps,

() Clip a 6" wire from lug 1 of terminal
strip E to lug 2 of terminal strip F.

() Clip a 6" wire from lug 1 of terminal
strip E to lug 4 of terminal strip A.

() Clip a 6'" wire from lug 1 of terminal strip
F to lug 4 of terminal strip B.

( ) Clip a 4700 @ (yellow-violet-red) resistor
between lug 4 of terminal strip E and lug 2
of terminal strip F. The yellow color will
be near the wire lead at one end of the re-
sistor, The fourth color band refers to
tolerance, Refer to the front cover of your
manual,

( ) Clip a 1000 @ (brown-black-red) resistor
between lugs 1 and 4 of terminal strip F.

( ) Clip a100 K2 (brown-black-yellow) resistor
between lug 4 of terminal strip E and lug 3
of terminal strip D.

—~
~—

Clip a 4700 Q@ (yellow-violet-red) resistor
between lug 4 of terminal strip C and lug
1 of terminal strip B.

() Clip a 22 KQ (red-red-orange) resistor be-
tween lug 4 of terminal strip C and lug 2 of
terminal strip B.

( ) Clip a 1000 @ (brown-black-red) resistor
between lug 1 of terminal strip D and lug 2
of terminal strip B.

( ) Clip a 33 KQ (orange-orange-orange) re-
sistor between lug 3 of terminal strip Dand
lug 4 of terminal strip B.

( ) Clip a .1 pfd capacitor between lug 3 of
terminal strip D and lug 1 of terminal strip
B.

() Clip a .05 pfd capacitor between lug 4 of
terminal strip A and lug 3 of terminal
strip B,

( ) Clip a .05 pfd capacitor between lugs 1 and
4 of terminal strip B.

In this book the transistors are identified by
the symbols Q1 and Q2; the transistor leads are
referred to by the letters E (emitter), B (base),
and C (collector). These letters are notactually
marked on the transistors, but the leads can be
identified by looking at Pictorial 2-3 and count-
ing the leads from the small tab on the tran-
sistors,

() Install transistor Q2. Clip lead C to lug 2
and lead E to lug 4 of terminal strip F.
Clip lead B to lug 3 of terminal strip D.

( ) Install transistor Q1, Clip lead C to lug 1
and lead B to lug 2 of terminal strip B.
Clip lead E to lug 1 of terminal strip D.

NOTE: The blue and white identification label
shows the Model Number and Production Series
Number of your kit, Refer to these numbers in
any communications with the Heath Company;
this assures you that you will receive the most
complete and up-to-date information in return,

() Install the identification label in thefollow-
ing manner:

1, Select a location for the label where it
can easily be seen when needed, but
will not show when the unit is in oper-
ation, This location might be ontherear
panel or the top of the chassis, or on the
rear or bottom of the cabinet,

2, Carefully peel away the backing paper,
Then press the label into position,

This completes the assembly of the audio oscil-
lator circuit on your test chassis,
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()

ADJUSTMENTS

Connect leads from the output terminals
of the test chassis to the vertical input
and ground terminals of your oscilloscope,

Turn on your oscilloscope and adjust it to
obtain a line on the cathode ray tube,
Turn the vertical input switch to its X1
(most sensitive) position, and turn the
vertical gain control to approximately the
center of its range, The horizontal fre-
quency selector should be set to the dot be-
tween 100 and 1000,

Turn on the OFF-ON switch of the test
chassis, Turn the 20 KQ control to its
full clockwise position and then to its full
counterclockwise position, At the counter-
clockwise position (MIN), a straight line

OUTPUT
e— Y

should appear on the tube; at the clockwise
position (MAX), a signal should appear on
the oscilloscope, If a signal did not appear,
refer to the In Case Of Difficulty section,

() Set the 20 K2 control back to near that
point where the waveform first began to
appear on the oscilloscope,

( ) Adjust the frequency vernier of your oscillo-
scope to obtain two complete cycles, this
waveform should now look like the audio
oscillator waveform shown in Pictorial 2-4,

The adjustments are now completed and if the
circuit has responded correctly in these steps,
you may proceed on to Part III of the manual,

VERTICAL
INPUT

GROUND

Pictorial 2-4
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IN CASE OF DIFFICULTY

Recheck the wiring, Trace each lead in
colored pencil on the Pictorial, It is fre-
quently helpful to have friends check your
work, someone not familiar with the unit
may notice something overlooked by the
person who built the kit,

While only a few Heathkits are returnedfor
repair at the factory, about 90% of the re-
turned kits do not operate properlybecause
of poor connections and soldering, There-
fore, many of these problems can be elimi-
nated by reheating all connections with a
soldering iron,

Check the value of the resistors and ca-
pacitors to make sure they are in their
proper positions,

4,

Check the batteries., Check the control
settings to make sure that they are properly
adjusted,

Check the transistors with a transistor
tester or by substitution of transistors of
the same type known to be good,

If, after careful checks, the trouble is still
not located and a voltmeter is available,
check voltage readings against those found
on the Schematic Diagram on Page 8, Volt-
ages may vary +10%from the voltages shown,

NOTE: In an extreme case where you are
unable to resolve a difficulty, refer to the
Service and Warranty section of the ""Kit Build-
ers Guide', and to the "Factory Repair Service"
information on Page 21 of this Manual,
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SERVICE INFORMATION

If, after applying the information in this manual
and your best efforts, you are still unable to
obtain proper performance, it is suggested
that you take advantage of the technical facil-
ities which the Heath Company makes avail-
able to its customers,

The Technical Consultation Department is main-
tained for your benefit, This service is available
to you at no charge, Its primary purpose is to
provide assistance for those who encounter
difficulty in the construction, operation or
maintenance of HEATHKIT equipment, It is not
intended, and is not equipped to function as a
general source of technical information involving
kit modifications nor anything other than the
normal and specified performance of HEATHKIT
equipment,

Although the Technical Consultants are familiar
with all details of this kit, the effectiveness of
their advice will depend entirely upon the amount
and the accuracy of the information furnished by
you, In a sense, YOU MUST QUALIFY for GOOD
technical advice by helping the consultants to
help you, Please use this outline:

1., Before writing, fully investigate each of the
hints and suggestions listed in this manual
under In Case Of Difficulty, Possibly it
will not be necessary to write,

2. When writing, clearly describe the nature
of the trouble and mention all associated
equipment, Specifically report operating
procedures, switch positions, connections
to other units, and anything else that might
help to isolate the cause of trouble,

3. Report fully on the results obtained when
testing the unit initially and when following
the suggestions under In Case Of Dif-
ficulty, Be as specific as possible and
include voltage readings if test equipment is
available,

4, Identify the kit Model Number and Series
Number, and date of purchase, if available,
Also mention the date of the kit assembly
manual,

5. Print or type your name and address,
preferably in two places on the letter,

With the preceding information, the consultant
will know exactly what kit you have, what you
would like it to do for you and the difficulty you
wish to correct, The date of purchase tells him
whether or not engineering changes have been
made since it was shipped to you, He will know
what you have done in an effort to locate the
cause of trouble and, thereby, avoid repeti-
tious suggestions, In short, he will devote full
time to the problem at hand, and through his
familiarity with the kit, plus your accurate
report, he will be able to give you a complete
and helpful answer, If replacement parts are
required, they will be shipped to you, subject
to the terms of the Warranty,
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FACTORY REPAIR SERVICE

You can return your completed kit to the Heath
Company Service Department tohave it repaired
for a minimum service fee, (Kits that have been
modified will not be accepted for repair,) If you
wish, you can deliver your kit to anearby Heath
Authorized Service Center, These centers are
listed in your Heathkit catalog,

To be eligible for replacement parts under the
terms of the warranty, equipment returned for
factory repair service, or delivered to a Heath
Authorized Service Center, must be accompanied
by the invoice or the sales slip, or a copy of
either, If you send the original invoice or sales
slip, it will be returned to you,

If it is not convenient to deliver your kit to a
Heath Authorized Service Center, please ship it
to the factory at Benton Harbor, Michigan and
follow the following shipping instructions:

Prepare a letter in duplicate, containing the
following information:

Your name and return address,

Date of purchase,

A brief description of the difficulty,

The invoice or sales slip, or a copy of
either,

e Your authorization to ship the repaired
unit back to you C,0,D, for the service
and shipping charges, plus the cost of
parts not covered by the warranty,

Attach the envelope containing one copy of
this letter directly to the unit before pack-
aging, so that we do not overlook this impor-
tant information, Send the second copy of the
letter by separate mail to Heath Company,
Attention: Service Department, Benton Harbor,
Michigan,

Check the equipment to see that all parts and
screws are in place, (Do not include wooden
cabinets when shipping receivers, tuners, am-
plifiers, or TV sets, as these are easily
damaged in shipment,) Then, wrap the equip-
ment in heavy paper, Place the equi ment in
a strong carton, and put at least THREE
INCHES of resilient packing material (shredded
paper, excelsior, etc,) on all sides, between
the equipment and the carton, Seal the carton
with gummed paper tape, and tie it with a
strong cord, Ship it by prepaid express, United
Parcel Service, or insured parcel post to:

Heath Company
Service Department
Benton Harbor, Michigan 49022
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PART IlI
Basic Prz'ncz'ples of Electronics

Tt

k'3

Figure 3-1

All electricity is based on the movement of tiny
particles called electrons, Electrons, together
with other tiny particles, make up the atom, the
basic building block of all matter,

All substances are made up of one or more
types of atoms. For example, copper has just

one kind of atom, water has two kinds of atoms,
This section of the manual will explain how
electrons are fastened into atoms, and how and
why electrons move about to create electricity,
This section will also discuss how each type of
part in electronic circuits reacts to the move-
ment of electrons,
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CHAPTER 1

Electricity - the Flow of Electrons

The seat of electricity is the atom, An atom is
so small that if you were to enlarge it with the
best electron microscope you would be unable
to see it, Figure 3-2 shows what an atom might
look like if it were possible to see one, It con-
sists of a nucleus of protons and neutrons, sur-
rounded by electrons in orbits,

NUCLEUS-CONTAINS
PROTONS AND
fJuNEUTRONS

Figure 3-2

Each proton in the nucleus is matched by an
electron in orbit, The number of protons, in
the nucleus, identifies the type of atom, For ex-
ample, a hydrogen atom has one proton, a helium
atom has two protons, and a copper atomhas 29
protons,

The atom is kept together by the forces that
exist between the particles within the atom,
Each atomic particle has a property called
charge, The proton charge is called positive,
or plus (+). The electron charge is called nega-
tive, or minus (-).The minus charge of one
electron exactly balances the plus charge of one
proton, The neutron, which actually consists of
an electron and a proton bound tightly together,
has a net charge of zero, and is electrically
neutral because the minus charge of the electron
exactly cancels the plus charge of the proton,
Particles with opposite charges attract one
another, Particles with like charges repel one
another,

Atoms in their 'natural" state are electrically
neutral; that is, the number of electrons equals
the number of protons, If there are lessthan the
"natural" number of electrons, the atom has a
plus charge, If there are more than the normal
number of electrons, the atom has a minus
charge, In either case, the atoms have a charge
of static electricity., Ordinarily, only electrons
can be added to or removed from an atom; the
number of protons and neutrons stays the same,

Flowing Electrons and Holes

The electron, freed from its atom and set into
motion, is electricity. However, not all elec-
trons are easily removed from their atoms, To
become free, electrons near the nucleus have to
overcome both the attraction of the nucleus and
the repulsion of electrons in outer orbits, Gen-
erally, only electrons in the outer orbits leave
the atom,

The rate at which the electrons move, from
atom to atom, is called current, The direction
of current (movement of electrons) cannot be
seen, Only the effect can be seen, Electrons
will move from a negative region to a positive
region, When a negative charge is placed at one
end of a wire it will have an instant effect at
the other end, This is comparable to the situa-
tion shown in Figure 3-3,

Figure 3-3

Ten billiard balls all touching one another are
lined up in a tube, Another ball approaches the
line from the left at a slow speed, When this ball
strikes the ten, the impulse travels to the last
ball in the line almost instantly, knocking the
last ball in the line out of the tube, The last
ball travels at about the same speed asthe first
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entering ball, Only a very slight compression
of the billiard balls prevents the impulse from
traveling instantaneously to the last ball, The
action of the billiard balls in atube is much like
the action of electrons in a wire, Though the
speed of the individual electrons is small, the
impulse travels at an almost infinite speed,
Notice that although there is a flow of balls
through the tube, at any time there are only
ten balls in the tube, The same is true of
electric current traveling through a wire, This
interpretation of an electric current is called
electron flow,

In electron flow theory, current was shown to
flow from negative to positive, In some semi-
conductor devices, the flow of holes from
positive to negative is a more useful interpre-
tation, This is called '"conventional current'
or "hole current," Figure 3-4 shows the move-
ment of a hole, or vacancy, from atom to atom.,
In Figure 3-4, the battery supplies the positive
(+) and negative (-) charges, causing the move-
ment of the hole, Notice that the hole moves
from (+) to (-) and acts like a (+) charge.

BATTERY BATTERY

Current flow, either electron flow or hole
current is measured in "amperes' just like
the flow of water is measured in gallons per
minute, One ampere is equal to the flow of a
very great number of electrons or holes in a
circuit past a point in one second. This great
number of electrons is 6,250 with fifteen more
zeros behind it,

Often, quite a bit less than one ampere of
current flows in most electronic circuits, For
this reason, the term milliampere (ma), which
is 1/1000 of an ampere, is used extensively; for
example, 1000 ma =1 ampere, and ,01 ampere
= 10 milliamperes of current,

Voltage, the electrical pressure that drives
electric current through a circuit, is measured
in volts, A larger number of volts means more
electrical pressure, and a smaller number of
volts means less electrical pressure,

BATTERY

BATTERY’

ELECTRON X LEAVES
ATOM 3 TO GO TO THE
POSITIVE TERMINAL OF
THE BATTERY.

THIS LEAVES A VACANCY
(OR "HOLE") IN ONE OF
THE ORBITS OF ATOM 3.

ELECTRON Y LEAVES ITS
ORBIT AROUND ATOM 2
AND FILLS THE VACANCY
(OR HOLE) LEFT BY
ELECTRON X.

THE VACANCY HAS NOW
MOVED FROM ATOM 3
TOATOM 2.

ELECTRON Z LEAVES ITS
ORBIT AROUND ATOM 1
AND FILLS THE VACANCY
(OR HOLE) LEFT BY
ELECTRONY, |

THE VACANCY HAS NOW
MOVED FROM ATOM 2
TOATOM 1.

Figure 3-4

ELECTRON A LEAVES THE
NEGATIVE TERMINAL OF
THE BATTERY AND FILLS
THE VACANCY LEFT BY
ELECTRON Z IN ATOM 1.
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flow of current, Between conductors and insu-
lators are semiconductors which only partially
resist electric current, Figure 3-6 shows a
chart of some of these materials,

EXPERIMENTS
Experiment 3-1

The purpose of this experiment is to illustrate
the great differences in the ability of various
materials to conduct current, The ability to con-
duct electric current is comparable to the ability
of common liquids to evaporate, You will need
the plastic coil alignment tool supplied with this
kit, two paper facial tissues, a teaspoonful of
rubbing alcohol, water, and cooking oil, See
Figure 3-7, Place one sheet of facialtissueon a

Figure 3-5

Electrical pressure works just like water press-
ure, Figure 3-5demonstrates how voltage affects
current flow, In part A of Figure 3-5, the
greater water pressure causes a larger flow of
water, As the water level goes down, the water
pressure and flow decrease, As the electrical
pressure (voltage) drops, the flow of current
will drop, The battery in Figure 3-4 is used to
maintain a constant voltage, This electrical
pressure, a difference in charge between the
ends of the battery, causes the holes to flow
away from the plus (+) end, and the electrons
to flow toward the plus (+) end of the battery,
When the battery runs down, its voltage de-
creases and the current will also decrease,

Current Flow in Materials

The amount of current that can flow in a sub-
stance is determined by how tightly held or how
free the electrons are in the outer orbits of
the atoms, This property is used to classify
materials, Conductors have many free elec-
trons and conduct current easily, Insulators have
very few free electrons and strongly resist the

Figure 3-7
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CONDUCTORS SEMICONDUCTORS

CONDUCTORS

Figure 3-6

INSULATORS
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dark surface, With the alignment tool, quickly
place three spots, one of each liquid, on the
tissue, Wipe the alignment tool dry with the
second tissue after each liquid is used, Make
several trials,

Watch the order of disappearance of these
three spots, The alcohol evaporates quickly.
Water evaporates, but more slowly, The cooking
oil will not disappear, The ability of conductors
and semiconductors to conduct current varies
as the rates of evaporation of alcohol and water,
The inability of insulators to carry current is
like the inability of cooking oil to evaporate,

Experiment 3-2

Water evaporates faster under certain condi-
tions, Clothes dryers use heat and moving air
to speed the drying rate, This experiment will
show how temperature affects the current flowing
in semiconductors, as heat affects the evap-
oration of water,

Connect the test chassis, with the audio oscil-
lator still wired, to the oscilloscope with test
leads, Get a small piece of ice and wrap it in
absorbent paper, such as a paper towel, With
the oscilloscope and audio oscillator turned on,
adjust the trace as directed near the end of
Part II, under Adjustments,

Figure 3-8

Place the ice on the metal covering of transistor
Q2, You may have to move some of the compo-
nents of the circuit aside and twist the tran-
sistor up to get to the metal cover, See Figure
3-8,

Watch the size of the trace, As the temperature
of the transistor goes down, its ability to conduct
current decreases, This will be seen as re-
duced height of the trace, Remove the ice and
place your finger on the transistor. Observe
how the size of the trace returns to its former
height, Repeat this experiment with transistor
Q1, Now turn the test chassis off,

This procedure might suggest increasing the
temperature of the transistor, This is not
advisable, High temperature will cause tran-
sistors to break down and conduct current like
conductors, This would probably damage the
transistor and prevent its further use in later
experiments,

SUMMARY

The movement of electrons is electric current,
These tiny particles, with neutrons and pro-
trons, compose the atom, The electron (-) and
proton (+) have opposite charges, Like charges
repell; unlike charges attract. These forces
keep the atom intact, Electrons, because of their
position in the atom, can be added to or re-
moved from the atom,

There are two interpretations of current, elec-
tron flow or hole current, Electron flow is
from (-) to (+). Hole current is from (+)to
(). Current flow is measured in amperes or
milliamperes (1 ma = 1/1000 ampere).

The driving force of electric current is voltage
measured in volts,

Materials differ greatly in their ability to con-
duct electricity, Experiment 1 compared these
differences tothe evaporation of common liquids,
Experiment 2 showed how changing temperature
changed the ability of semiconductors to carry
current,
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CHAPTER 2
Obm’s Law

All materials offer some resistance to current
flow., This property is used to control current
flow and voltage distribution in a circuit, The
relationship between current, voltage, and re-
sistance is called Ohm's Law,

In electronics, some circuit components are
made of carbon or certain metal alloys because
they impede the flow of current, This is in con-
trast to house wiring where copper is used
because it offers little opposition to current,

To save time, symbols are used to represent
components in electronic circuit drawings, This
chapter introduces schematics (circuit drawings)
in the explanations of resistor circuitry, Ohm's
Law is applied to both parallel and series re-
sistor circuits,

Resistors

A resistor is a device that resists or impedes
the flow of electric currents, The unit of re-
sistance is the ohm (). A resistor that offers
a lot of resistance to current will have a large
number of ohms, and a resistor that offers only
a small amount of resistance to current will
have a small number of ohms,

When resistances are much larger than the
basic measuring unit, multiple units are used,
The units KQ (K-ohms) and MQ or MegQ (meg-
ohms) are commonly used for units of 1,000 and
1,000,000 ohms, respectively. The very same
resistance may then be given as 6,200,000 Q,
6,200 KQ or 6.2 MQ, (K= 1000 and M or Meg =
1,000,000.)

Generally, resistors are made of either a
carbon compound or resistance wire made from
metal alloys, Figure 3-9 shows howtypical car-
bon resistors and typical wirewound resistors
are constructed,

CARBON RESISTOR WIRE-WOUND
RESISTOR
/ =~ RESISTANCE
CARBON COMPOUND WIRE

Figure 3-9

To control how much resistance (how many ohms)
a carbon resistor will present to electric cur-
rent, the carbon is mixed with a nonconducting
material, By having more carbon and less of the
other material, a small amount of resistance is
created, By having a small amount of carbon and
a large amount of the other substance, a large
amount of resistance is created, The amount of
resistance, or the number of ohms inaresistor,
is determined by the mixture of the carbon com-
pound and not by the physical size of the resistor,
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The amount of resistance in a wire-wound re-
sistor is determined by the length of the wire
and by the types of metal from whichthe wire is
made, This type of wire is called resistance wire

and the longer the wire the greater the resistance,

A variable resistor, alsocalled apotentiometer,
or control, is a resistor whose electrical size
(number of ohms) can be adjusted, Figure 3-10
shows how these variable resistors are gener-
ally constructed. A length of resistive material,
such as carbon, or resistance wire, is con-
nected in a horseshoe shape between two termi-
nals, A metal tab, which is turned by the shaft,
can contact any point along this resistive surface,
This tab, called the "arm' of the control, is
connected to the center terminal, When the shaft
is turned, the resistance between the center
lug and both outside lugs changes, one increas-
ing as the other is decreasing,

TERMINALS

OUTER COVER

CONSTRUCTION OF A POTENTIOMETER
OR VARIABLE RESISTOR

Figure 3-10

The amount of current a resistor can pass de-
pends on its physical and electrical size, Too
much current would overheat a resistor and
destroy its resistance element, The larger a
resistor is physically, the more heat it will

dissipate, allowing more currenttopass through
it safely, High-power resistors, therefore, are
quite: large and low-power resistors are rather
small, This power rating is independent of the
resistor value in ohms, For example, a 100 ohm
resistor rated at 2 watts is usually muchlarger
physically than a 500 ohm resistor rated at only
1/2 watt,

An Introduction to Schematics

Schematic diagrams are simplified drawings of
an electronic circuit, Symbols instead of actual
drawings are used for all the circuit elements
and lines are used to depict wires, Allthe infor-
mation about the circuit is presented in a manner
which is more understandable than a detailed
drawing of the circuit, Resistance values are
written next to the resistor symbol, as are
voltage values at points in the circuit, Some of
the symbols used are shown in Figure 3-11,

—A— i
RESISTOR — e

GROUND A SOURCE OF DC
CONNECTION VOLTAGE (BATTERY)

: o
AC VOLTAGE Ow‘:gg;lNG
SOURCE

WIRES WHICH CROSS BUT
ARE NOT CONNECTED

VARIABLE
RESISTOR

Figure 3-11
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Obm'’s Law

The total amount of current flowing in a circuit
depends on two things: the resistance in the
circuit, and the source voltage connected across
the circuit, The amount of current can be
calculated mathematically if the voltage andre-
sistance are known by using Ohm's Law, which

is: .
| = current in “amperes”

| = E E = voltage in “volts”
R = resistance in “ohms”

That is, the amount of current flowing in a
circuit, I, is equal to the voltage across the
circuit, E, divided by the resistance of the
circuit, R. The abbreviation for voltage can
be either E or V. Usually the letter E is used,
(E is derived from electromotive force, E.M.F.)

The source voltage in a series circuit, as shown
in Figure 3-12, is divided among the series re-
sistors according to the amount of resistance in
each resistor. In a series circuit, a large re-
sistor will have a large voltage drop across
it and a small resistor will have a small
voltage drop across it, The sum of the voltages
across the resistors is equal to the source
voltage.

Part A of Figure 3-12 shows only one resistor
connected across a battery, In this case all of
the battery voltage is applied across this one
resistor,

Part B of Figure 3-12 shows two resistors of
equal value connected across a battery, Note
that since these resistors are of equal value, the
battery voltage divides evenly between the two
resistors,

Part C of Figure 3-12 shows two resistors of
different values connected across a battery,
Resistor R2 is twice as large as resistor R1,
for this reason resistor R2 has twice as much
voltage across it as resistor R1, When three
volts are applied from the battery, one volt
appears across resistor R1 andtwo volts appear
across resistor R2, The sum of the two voltages
equals the source voltage, 3 volts,

J

— Ré’ 3VOLTS

+
<
r

1.5 VOLTS

Fﬂ VOLTS

R2 1.5 VOLTS

R1 AND R2 ARE
SAME SIZE

1 VOLT

\
2VOLTS

R2 HAS TWICE AS
MUCH RESISTANCE
ASRI1

Figure 3-12
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The currents in the circuits of Figure 3-12
could be calculated by using Ohm's Law, For
example, if R = 1000 © inpart A of Figure 3-12,
then the current is:

— I _ E

R

3 volts
1000 ohms

.003 ampere

1}

3 milliampers (ma)

To determine the current for parts B and C of
Figure 3-12, the total value of resistance in the
circuit must be known, The equivalent, or total,
resistance of series and parallel circuits is
given next,

Resistors in Series and Parallel

Resistors are connected in series when they
lie in a line, end to end, For any number of
resistors connected in series, the equivalent
resistance is equal to the sum of all the re-
sistances, See Figure 3-13,

.
[

1
g b
L e
®
o
b}
0

e e P e B

EQUIVALENT CIRCUIT
Figure 3-13

ACTUAL CIRCUIT

Total R = R, + R, + R,
=102 + 20 + 50@

= 80Q

After you know the total resistance, you can
calculate the total current, I, as follows:

.0375 ampere
37.5 ma

1

In a series circuit, the current in each of the
resistors is the same; that is:

Resistors are connected in parallel when each
end of each resistor is connected to an end of
every other resistor, For resistors in parallel,
the total resistance or equivalent resistance is
actually less than the resistance of any one of
the individual resistors, The general formula
for computing the equivalent resistance of odd
values of resistors connected in parallel, such
as shown in Figure 3-14, is:

1
_______ —a
EQUIVALENT CIRCUIT

ACTUAL CIRCUIT

Figure 3-14

WP T

R 10 20 50
L SO e

R 100 100 100
a7

R 100

17R = 100

R = 5.88¢

The total current in this circuit is:

| = §=§.38%= .51 ampere = 510 ma
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The current through each resistor can also be
determined, The voltage across eachresistor is
3 volts,

l, = %= .30 ampere
3V
I = —= .
2% 59 15 ampere
3V
l3==—=.06"
37 50 06 ampere
Total i =1, +1, +15
=.30 + .15+ .06
= .51 ampere

EXPERIMENTS

In the following three experiments you will use
the oscilloscope to compare various voltages.
The height (H) of a waveform on an oscillo-
scopé is proportional to the voltage (V) applied
at the vertical input, Two voltages can be
compared on an oscilloscope by using this re-
lationship: V, H, This means, that if H,

¥y M,

is twice H, | then V, istwiceV,,

Experiment 3-3

The purpose of this experiment is to compare
the voltages across two equal resistors in
series. This is similar to Figure 3-12, part B.
The circuit used for this experiment is shown
in Figure 3-15, If R1 = R2, then the voltage
should divide equally between R1 and R2, The
sum, V,+V,, should be equal to the total
voltage across both resistors,

!

22K

AUDIO
OSCILLATOR

2x 3
<

IS

_ﬁgure 3-15

&g == arr=iT)

Refer to Pictorial 2-3 for the following steps.

() Connect a 22 KQ (red-red-orange) resistor
from lug 1 of terminal strip E to lug 2 of
terminal strip E.

() Connect a second 22 KR resistor from lug
2 of terminal strip E to lug 1 of terminal
strip D.

( ) Remove the test leads from the output
terminals of the test chassis, then connect
one test lead to lug 1 of terminal strip E
and the other to lug 1 of terminal strip D.
This will apply the voltage across both
resistors to the vertical input of the oscil-
loscope.

The next series of steps can be used each time
you wish to compare voltages. Since only the
height of the waveform is needed for compari-
son, the waveform in the horizontal direction, is
compressed so that only a vertical line appears,

_
.
N

Figure 3-16

Most oscilloscopes have a grid screen as shown
in Figure 3-16, The vertical line in the center
is called the vertical axis. The horizontal line
in the center is called the horizontal axis,
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If your screen does not have a scale, as in
Figure 3-16, one should be added for the follow-
ing experiments, Using a pointed crayon or
grease pencil and a plastic ruler, draw two
central lines at right angles on the screen of
the CRT. Rule inch, 1/2 inch, and 1/4 inch
markers on the central lines.

( ) Turn on the oscilloscope and test chassis,
Adjust the oscilloscope and test chassis for
the signal used previously in Part IL

() Turn the horizontal gain to the minimum
position, This should result in a vertical
line,

( ) Adjust the height of the vertical line to
six major units on the screen of the oscillo-
scope, about 2/3 of the height of the screen,
This can be done with the vertical gain
control of the oscilloscope or with the 20 KQ
control of the test chassis, Do not change
either control for the rest of the experiment,

() Change the test lead from lug 1 of terminal
strip D to lug 2 of terminal strip E. This
will measure the voltage across R1, Record
this value:____units,

() Change the test lead from lug 1 of terminal
strip E to lug 1 of terminal strip D. This
will measure the voltage across R2, Record
this value: units,

() V,+V,= units, The two measured
values should be approximately the same,
The sum of the voltages across each re-
sistor should be equal to the voltage across
both resistors, about six units,

() Turn off the test chassis,

Experiment 3-4

The purpose of this experiment is to compare
the voltages across two unequal resistors in
series, This is similar to Part C of Figure
3-12, The circuit for this experiment is shown
in Figure 3-17,

( ) Disconnect the 22 K (red-red-orange)
resistor from lug 2 of terminal strip E
and lug 1 of terminal strip D and replace
it with a 2200 @ (red-red-red) resistor,

Connect one test lead from the oscilloscope
to lug 1 of terminal strip E andthe other to
lug 2 of terminal strip E. This will measure
the voltage across the larger resistor, 22
KQ (R2).

(

~

Turn the test chassis on,

—~
~

( ) Adjust the oscilloscope for a vertical line,
Adjust the height to six major units, about
2/3 of the total height of the screen,

( ) Change the test lead from lug 1 of terminal
strip E to lug 1 of terminal strip D. This
measures the voltage across the smaller re-
sistor, 2200 © (R1). Record this value:
that is, V, =__units,

R, R, and the voltages should divide pro-

Sl
10

1

portionally; V, = 10 V.

( ) Disconnect the test leads and increase the
horizontal gain control until a line appears,

() Turn off the test chassis,

saeeRtd (
o
2200 O
AUDIO O
6/ OSCILLATOR Bon® ©
22K )l (18 )
———————— =0 © » O
=0 0 oo

Figure 3-17
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Experiment 3-5

The purpose of this experiment is to compare
the voltages across three resistors, two in
parallel connected to a third in series., The
circuit is shown in Figure 3-18,

R1 :R2: R3 =22KQ

For the two resistors in parallel:

11
R R, R,
1ol o
R 22Ka 22Ke
R =11Kea
(@]
Q 2
22K 22K O
L>~x J| O
@ezzzsm =L
22K Qo O O
_____ 0,0
—0 O Q0
Figure 3-18

The resistors in parallel, R1 and R2, have 1/2
the total resistance of R3, The voltage across
the parallel resistors should be 1/2 the voltage
across the series resistor,

( ) Disconnect the 2200 Q (red-red-red) re-
sistor from lug 2 of terminal strip E to
lug 1 of terminal strip D and replace it
with a 22 KQ (red-red-orange) resistor,

() Connect a second 22 KQ resistor from lug
1 of terminal strip E to lug 2 of terminal
strip E.

() Connect one test lead to lug 2 of terminal
strip E and the other to lug 1 of terminal
strip D. This will measure the voltage
across the single series resistor, R3.

() Turn the test chassis on,

() Adjust the oscilloscope for a vertical line,
Adjust the height to six major units,

() Change the test lead from lug 1 of terminal
strip D to lug 1 of terminal strip E. This
will measure the voltage across the two
parallel resistors, R1 and R2, Record this
value: units,

The voltage across the two parallel resistors
should be approximately 1/2 the voltage across
the single series resistor,

() Turn off the test chassis,

( ) Remove the three 22 KQ (red-red-orange)
resistors used in this experiment from the
test chassis,

SUMMARY

The amount of current that flows through a re-
sistor depends on how much resistance (how
many ohms) the resistor has, and how much
voltage or electrical pressure is applied across
the resistor, The current that flows in the re-
sistor can be calculated with the formula

I = _E_ current = voﬁg_e\,,

R resistance

| = current in “amperes”
E

R = resistance in “ohms”

1

voltage in “volts”

A series circuit is a circuit where the current
has only one path to follow around the circuit,
The voltage in a series circuit is divided be-
tween the different resistors proportionally,
according to how much resistance there is in
each resistor,

A parallel circuit is a circuit in which there are
two or more paths for current to flow through
the circuit, The amount of current in each path
depends on the amount of resistance in that path,
The same voltage appears across each of the
resistances (each current path) in a parallel
circuit,
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CHAPTER 3
DC and AC

Up to this time you have been concerned with
only direct current or "DC'" in your reading,
You have used an "AC" current from the test
chassis in your experiments, This AC current
is called alternating current because the polarity
or the sign (+ or -) of the current is continually
changing, Consequently, the current flows first in
one direction, then in the other,

These changes occur in a time sequence, thus
they can best be interpreted by comparing them
in a time versus current graph, The patterns
that result when such graphs are made are
called waveforms,

Many important waveforms occur in electronics,
The most common of these is the sine wave,
Other important waveforms are square waves,
pulsating direct current waves (PDC), clipped
sine waves, and sawtooth waves,

Uuderslmzding DC, AC, and PDC Current

The electric current in a wire is not easy to
visualize, There is just no way to ''see' the
current because, of course, it is invisible. Yet
these currents can be understood better if they
are somehow translated into a form that can be
put down on paper and analyzed, This may be
done by the use of a graph, Here are some
things to keep in mind so that the following
graphs of DC, AC, and PDC current will be
most meaningful to you,

1, Current will be called plus when it flows
in one direction within a wire, Current will
be called minus when it flows in the oppo-
site direction within a wire. (Refer to Figure
3-19). These plus and minus symbols are
assigned merely as a way of telling one
direction of current flow from another,

oY +
& WIRE Y
= S -

Figure 3-19

The zero-current line (Figure 3-20) is used
as a base line for the following graphs, So
far as these graphs are concerned, current
flow in a plus direction will be shown above
the zero-current line, and current flow ina
minus direction will be shown below the
zero-current line,

|

|
+

ZERO CURRENT

DIRECTION OF CURRENT FLOW i5s SHOWN BY POSI-
TION ABOVE OR BELOW ZERO-CURRENT LINE.

Figure 3-20

The amount of current flowing in the wire
(Figure 3-21) will be shown by the dis-
tance above or below the zero-currentline,
For example, plus 2 amperes is at point A
in Figure 3-21; minus 2 amperes is at point
B; zero current is at point C.

4
3 A
i e
1 —
ZERO CURRENT .L/B
!
—— 2 — o/
3 —1
4

DISTANCE ABOVE OR BELCW ZERO-CUR-
RENT LINE SHOWS AMOUNT OF CURRENT.

Figure 3-21
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4, Time elapsed (Figure 3-22) is shown bythe
distance along the zero-current line, Any
convenient time value can be assigned to
this distance, depending on how rapidly the
current alternates and what the graph is
designed to show,

ZERO =]
CURRENT

— ~

— — TIME—>

TIME IS SHOWN BY DISTANCE ALONG THE
ZERO-CURRENT LINE.

Figure 3-22

5, When current reverses its direction of flow
(as alternating current does) this alternation
usually takes place at a very rapid rate,
Because of this fact, you may view a graph
as being an ultra-slow-motion-picture of
what is taking place, '

DC Current

DC, ordirect current, flows in only one direction,
DC current maintains a steady value (constant
amplitude), and shows up on a graphas a simple
straight line, (See Figure 3-23,) The DC current
line could have been graphed below the zero-
current line (note dotted line) if it flowed in
the opposite (minus) direction,

DC CURRENT

+

ZERO CURRENT

Figure 3-23
AC Current

AC, or alternating current, flows first in one
direction and then in the other, while at the
same time rising from zero up to a peak value
and then returning to zero again, Following the
graphed curve in Figure 3-24 will help you see

~ >

|

+

ZERO CURRENT i

—= TIME

/7
Figure 3-24

how the current starts from zero and rises
rather steeply to a peak amount of current flow
in the plus direction at A, and then decreases
back to zero again at B, This much of the current
flow has been in one direction only, since this
action all took place onthe plus side of the zero-
current line, Then the current reverses and
starts to flow in the opposite (minus) direction,
From point B (zero) the current builds up to a
peak at point C, and thenfalls backto zero again
at point D. Notice that this latter rise and fall all
took place on the minus side of the zero-current
line, AC current, then, is doing two things; it is
periodically changing in its direction of flow,
and each time it changes direction, the amount of
current builds up to a peak and falls back again,
One complete cycle of this action is shown in
Figure 3-24, Notice that one cycle consists of
a rise and fall of current in one direction, then
a rise and fall of current in the other direction,

PDC Curremnt

PDC or pulsating direct current is direct
current that varies periodically in amplitude,
(See Figure 3-25.) To put it another way, PDC
always flows in the same direction, just like
DC current, but is changing in amount, just like
AC current, PDC operates in cycles, and has a
frequency, but this frequency refers only tohow

4

ZERO CURRENT

s TIME

Figure 3-25
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often the current changes in amount, and has
nothing to do with any change in the direction of
current flow, Notice that although the PDC cur-
rent of Figure 3-25 rises and declines in amount,
it stays above the zero-current line, showing

that the current always flows in only one direction,

] PULSATING
+ 4 DC 4
]
ZERO 1
CURRENT \ ol \ Y
= \ 7 \ /
\ N/
— ] \ 4
| N / (7
Figure 3-26 // o
PORTIONS OF AC ELIMINATED BY
RECTIFIER

The most common example of PDC current looks
somewhat different than that shown in the graph
of Figure 3-25, This is because the POC normally
encountered in electronics is the one-way current
left after AC current has been rectified, Recti-
fication is the process of passing current
through a device that will conduct current in
only one direction, You will learn more about
this process later. It is enough at this time to
say that if a two-way current (AC) is fed to a
one-way current device, half of the current will
be blocked, The PDC that remains after recti-
fying an AC current is graphed in Figure 3-26,
A rectifier will pass current in only one di-
rection, so one half, or the other (plus or minus)
of the AC current is blocked, and a pulsating
DC current remains, When more cycles are
involved the result would appear as in Figure
3-27,
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Frequency

The three basic forms that electric current can
take have now been covered under the headings
of DC current, AC current, and pulsating DC
current, Since AC current occurs in "cycles,"

and has "frequency," a further discussion of
these subjects is in order to see howthis alter-
nating and pulsating current is related to audio
and radio frequency signals,
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MORE THAN 1 CYCLE OF AC CURRENT
Figure 3-28

A plus swing followed by a minus swing, con-
stitutes one cycle of AC current (see Figure
3-28). The frequency of an AC current is de-
termined by the number of cycles that take
place in one second, Your 60 cycle AC house
current, for example, completes 60 full cycles
of direction change combined with amount change,
every second! Since 60 cycles take place every
second, the time required for one cycle would be
1/60 of a second, and this may be seen on the
graph in Figure 3-29, where the time line has
been given a definite value, This graph shows
one cycle of 60 cps (cycles per second) house
current, AC current at a frequency of 60 cps
is usually used for house current in the United
States,
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Figure 3-29

AC current that ranges in frequency from about
20 cps to 20,000 cps may be heard when con-
nected to a speaker or earphone, and therefore is
considered as "sound in electrical form," Elec-
tric current with its frequency in this range is
called audio, The term audio simply refers to
the fact that these electrical impulses could
be heard if connected to a sound reproducing
device, even thoughnot everyone's hearing range
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extends to these extreme limits, Below 20 cps
or above 20,000 cps, the human ear would not
detect the sound, even if it were fed to a sound
reproducing device that was able to move the
air in vibrations at these frequencies,

AC current will cause radiation through space
over longdistances, if provided in sufficient pow-
er and connected to an antenna tower or other
radiating device, The range of frequencies above
the audio limit are referred to as radio fre-
quency currents, The broadcast band, for ex-
ample, takes in frequencies between approxi-
mately 550 kc and 1600 kc (550,000 cps to
1,600,000 cps). The only difference then, be-
tween ordinary AC power line current, audio
current, and radio current, is the frequency of
the AC alternations and the power of the gener-
ating source, As the frequency gets higher and
higher, the behavior of the current changes,

While it would be impossible to graph accurately
so many cycles taking place in one second, you
can still draw radio frequency waves in graph
form by merely showing a great number of cycles
occuring along the graph in a very short period
of time, A radio frequency AC current is shown
in Figure 3-30, Again note that the only dif-
ference between this radio frequency AC cur-
rent and your AC house currentis inthe greater
number of cycles taking place in a short length
of time,
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Figure 3-30

AC and DC Voltage

AC and DC voltages have much the same wave-
forms as AC and DC currents, AC voltages will
be discussed now to explain ''peak-to-peak'
voltages and ''sine'' waves,

Pt I
v
DC VOLTAGE
4v
T 1 1 5 7
2 SEC 4 SEC 6 SEC 8 SEC 10 SEC
8 V—
et AC VOLTAGE
|
I
: 6
o L+ : ——
2 4 ! 8 10 SEC.
|
B e _
-8V —
Figure 3-31

The variation of AC voltage as compared to
DC voltage is shown in Figure 3-31, Touse such
a graph, pick a point on the horizontal scale,
where time is marked in seconds, From the
height of the curve above or below the line at
this point, read off the value of the voltage at
that time from the vertical scale on which volts
are marked, For the curve shown in Figure 3-31,
the voltage is +6 volts at one second and -5
volts at six seconds, The maximum voltage is
+8 volts and the minimum voltage is -8 volts,
The ''peak' voltage is 8 volts and the '"peak-to-
peak" voltage is 16 volts, The DC voltage is
constant at 4 volts,

The beginning time of such a graph is not
really important, but the zero mark is usually
taken when the voltage is either maximum,
minimum, or zero.

The waves shown in Figure 3-32 are sine
waves, the most common waveform encountered,
Ordinary household current is sine wave AC.

Not just any random up and down variation of
voltage is a sine wave, There is a precise
relationship between the time and the voltage
in a sine wave, once the frequency and the
peak or maximum voltage are set, Although
there is such an exact relationship, the appear-
ance of a sine wave depends on the scale



Page 39

Y IR ATHIIIT Chapter 3
-~ 1/20 SEC———— 1/2 SEC
10 CYCLES
20 v
15V
10V
5V
40v 0

SV~
10V~

l 15V—
20V

Figure 3-32

factor used to draw the sine wave, The scale
factor simply determines how many inches on
the graph represent how many volts or seconds,
For example: Figure 3-32A shows a voltage sine
wave which has a maximum or peak voltage of
20 volts and a frequency of 20 cps, This graph is
drawn with 40 volts equal to one inch on the
vertical scale and one and one-half inches equal
to 1/20 of a second on the horizontal scale.

Exactly the same 20 cycle sine wave is shown in
Figure 3-32B but the time scaling has been
changed so that one and one-half inches now
equals 1/2 second, Although the appearance of the
graph is radically changed, the same information
about exactly the same wave is presented, Any
sine wave, regardless of frequency or peak

voltage, could be '"fitted" to the curve of
Figure 3-32B by using the right scale factor,

Although the sine wave is very common, many
other waveforms are encounteredin electronics,
We have already looked at one form of PDC,
pulsating direct current, that which is left after
AC current has been rectified, Also, a type of
PDC may be formed by the addition of DC cur-
rent to an AC current, This and other wave-
forms are shown in Figure 3-33,

The great value of the oscilloscope is its
ability to trace out the exact waveform at a
point in the circuit under test, Information about
the circuit in this graphic form is very helpful
in drawing conclusions, This information may
not be obtainable in any other way,

PDC OBTAINED BY A DC VOLTAGE
OF 40 vV ADDED TO A 20 V PEAK

TO PEAK SINE WAVE,
S0V |—

s
A0V RN (20 Y
M)

AV AN O e G

ov
FULL WAVE HALF WAVE
RECTIFIED DC RECTIFIED DC
ol § 4 /\\//\\/ A4 /
s e
AC SQUARE WAVE CLIPPED SINE SAW-TOOTH
WAVE WAVE

Figure 3-33



Page 40

Part II
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EXPERIMENTS
Experiment 3-6

The purpose of this experiment is to show how
some of the controls of the oscilloscope can be
used to change the appearance of the graph of a
sine wave, Proper adjustment of the various con-
trols allows the operator of the oscilloscope to
pick the waveform that gives the most useful
information,

(

(

) Connect the test leads from the vertical input
and ground terminals of the oscilloscope to
the output terminals of the test chassis,

) Turn on the oscilloscope and test chassis,
Adjust the oscilloscope for a waveform as
directed in Part II. You will start your ad-
justments with two cycles on the screen,
Be sure that the 20 K control on the test
chassis is adjusted so that a sine wave
appears such as in Figure 3-34,

Figure 3-34

()

()

(

~

()

()

N

\\

Increase and decrease the vertical gain
(vertical amplitude) and notice the effect,
Finally, adjust the height to fill 2/3 of the
screen,

Increase and decrease the horizontal gain
(horizontal amplitude) and notice the effect.
Finally adjust for minimum gain so that you
see a vertical line,

Adjust the horizontal position (horizontal
centering) control so that the line coincides
with the vertical axis as in Figure 3-35,

Adjust the vertical position so that as much
of the line extends below as above the hori-
zontal axis,

Now adjust the horizontal gain to fill 1/2
to 2/3 of the screen in the horizontal di-
rection,
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() Increase the frequency vernier slowly until
one cycle appears, Further increase will
give only afraction of acycle, The time base,
the length of time for one horizontal sweep,
is now 1/2 of that for two cycles.

The approximate frequency of the audio oscil-
lation from the test chassis is 800 cycles per
second, Notice the horizontalfrequency selector
position is such that it covers this frequency,
(On the Heathkit I0-12 Oscilloscope, the hori-
zontal frequency selector is set to a dot be-
tween 100 and 1000,) These values are only
approximate for example, a 900 cycle per
second sweep can be obtained at this setting;
it may also be obtained at the setting between
1000 cps and 10 kc. This overlap is generally
true of all oscilloscopes.

( ) Decrease the frequency vernier slowly.
You should see two cycles again, Continue
to decrease the frequency vernier until
three cycles appear, then four, etc,

( ) Change the horizontal frequency selector
to a lower frequency range and adjust the
frequency vernier to obtain different ex-
amples of several cycles of the waveform.,
Select one example and count the number
of cycles. For example if you count 10,
then the time base is 10 times longer
than that for one cycle,

( ) Change the horizontal frequency selector to
a higher frequency range and adjust the
frequency vernier through its total range.
In this position, little useful information
about the waveform is gained, Return tothe
original horizontal frequency setting and
adjust for two cycles,

( ) Vary the focus control and notice the
effect, Reset the focus control for the sharp-
est, most distinct trace,

( ) Vary the intensity control and notice the
effect, Reset this control to a point just
bright enough to see the trace easily,

These control settings will give a useful wave-
form for most applications, Additional controls
such as external sync amplitude, sync selector,
and phase controls will be discussed later,
as they are needed,

Experiment 3-7

This experiment will compare audio frequen-
cies visually on the oscilloscope screen and
audibly in the earphone,

( ) Connect one lead of the earphone to lug 1
of terminal strip E and the other leadto lug
1 of terminal strip F.

( ) Adjust the oscilloscope and test chassis
for the proper two-cycle waveform as in
Experiment 3-6,

( ) Decrease the 20 KQ control of the test
chassis ‘until the waveform disappears,

( ) Slowly advance the 20 KQ control while
listening with the earphone, Watch the
screen for the first waveform to appear,
You should see and hear the audio fre-
quency waveform at the same time, Ad-
justment of the vertical gain control may
be necessary to accomplish this,

( ) Continue to advance the 20 K control of
the test chassis and note the change in
waveform,
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Figure 3-36

You should observe the following: (1) As the
intensity of the sound increases, the amplitude
increases on the screen, (2) As the sound
changes, there will be a corresponding change
in the shape of the curve such as in Figure
3-36, This is a distorted sound wave, You may
also note a slight change in frequency in doing
this part of the experiment,

( ) Decrease the 20 K control until the simple
two-cycle sine wave appears,

=

( ) Turn off the test chassis. Blow or whistle
into the earphone. Note the complicated
waveforms that appear on the screen of the
oscilloscope, You may have to adjust the
vertical gain control to obtain enough
amplitude on the screen, Other sound sources
can also be tried,

( ) Remove the earphone connections from the
test chassis and turn off the oscilloscope,

SUMMARY

Current that flows only in one direction is called
DC. Current that flows first in one direction,
then in the other is called AC.

Graphs are useful in interpreting different AC
currents, Time is shown by a distance along a
horizontal line and current is shown as a dis-
tance in the vertical direction, AC voltages are
interpreted in the same manner, Graphs help
compare frequency, amplitude, and waveforms
of different AC currents,

The most common waveform is the sine wave,
Household current is a 60 cycle sine wave; that
is, it makes 60 alternations in one second,

Other waveforms that occur in electronics are
the pulsating direct current (PDC) wave, the
square wave, the clipped sine wave, rectified
DC and many more complex waveforms, The
oscilloscopes great value is that it can graph
electronically complex waveforms,



Chapter 4

Page 43

HEATHEKIT

CHAPTER 4

Capa citors

The capacitor is made by placingtwo conductors
of large surface area close to each other,
separated by a thin insulating material, Ca-
pacitors are used in electronic circuits be-
cause they block DC current and pass AC
current,

The amount of opposition a capacitor offers to
AC current depends on the frequency of the AC
current and the electrical size of the capacitor.
This opposition is called capacitive reactance,

This chapter will show why capacitors willpass
AC current and not DC current, It will show how
capacitors can be combined and how capacitive
reactance can be calculated, Special attention
will be given to resistors and capacitors in
combination,

Capacitors and Capacitance

A very simple capacitor can consist of two
closely-spaced (but not touching) metal plates,
as shown in Figure 3-37, Since the wires con-
nected to these metal plates are not connected
to any source of electrical energy, it may be
assumed that the plates are '"in balance'' as far
as electrical charge is concerned, Both metal
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A SIMPLE CAPACITOR CONSISTING OF TWO
METAL PLATES FACING EACH OTHER BUT
NOT TOUCHING.

Figure 3-37

plates contain normal numbers of electrons
(symbolized by the minus signs next to each
plate). Air acts as the insulation between the
two plates,

One of the unusual things about a capacitor is
that when a source of electrical energy is con-
nected to its plates (for example, the battery in
Figure 3-38), the electrical pressure inthe bat-
tery causes electrons to pile up on one plate, and
move away from the other plate. The two plates
are not in contact with each other, sothe circuit
is actually "'open' as far as the battery is con-
cerned,,,yet current does flow in the circuit for
a short instant, as the electrical pressure inthe
battery attempts to force the current around
the circuit in the direction indicated by the
arrows, This short impulse of current '"'charges"
the capacitor in the sense that extra electrons
are accumulated on one plate and drawn away
from the other plate, This "unbalanced' condition
is shown in Figure 3-38 by the minus signs
symbolizing negative charge,

As soon as the battery has exerted all the
pressure it can in the circuit, and has moved
as many electrons onto one capacitor plate and
away from the other plate as it can, the
""charged' condition is reached, and no further
current flows,

(oJoJoloJolol{olo]ololo]o)

ELECTRICAL PRESSURE FROM BATTERY
"CHARGES" CAPACITOR.

Figure 3-38
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A CAPACITOR HOLDS THE "CHARGE" PUT ON
IS PLATES: A CAPACITOR DISCHARGES AND NEUTRA-
LIZES ITS PLATES AS SOON AS A CIRCUIT
Figure 3-39 IS PROVIDED.

If the battery is then removed from the circuit
(Figure 3-39), the charge remains on the ca-
pacitor even though the source of energy has
been taken away, The charge of the capacitor
will remain (barring some leakage through the
air) until a circuit is provided to connect the
plates together and equalize them again, The
capacitor will remain charged, in other words,
until a circuit is provided through which cur-
rent can flow to discharge it, In a sense, a
charged capacitor is like a battery since it has
energy of its own which it will dispense very
quickly as soon as a circuit is provided through
which it can discharge,

Figure 3-40 shows what happens when a discharge
circuit is provided so the capacitor plates may
return to "balance' again, with equal amounts of
electrons, A meter, connected to complete the
circuit from one capacitor plate to the other,
would provide a path for the two plates to
equalize their charge, Current would flow from
the plate with an excess of electrons, around
to the plate with a deficiency of electrons (in-
dicated by the arrows) and the meter would
actually register a pulse of current as this
discharge action took place, The direction of
discharge current flow (arrows in Figure 3-40)
is just the opposite from the direction of cur-
rent flow that took place in charging the capacitor
(Figure 3-38).

Figure 3-40

A capacitor, therefore, reacts to circuit current
by becoming charged, and then has the capacity
to provide current of its own in the process of
discharging back through the circuit, If a series
of pulses were fed to a capacitor, and the
circuit were closed between pulses to provide a
path for the capacitor to discharge, the ca-
pacitor would "answer" current pulses by re-
turning "'kick-back' pulses of its own,

To put it another way, a quick surge of current
applied to a capacitor causes electrons to pile
up on one plate and move away from the other
plate, The capacitor is thereby charged, When
the surge of current stops, the capacitor can
send its own surge of current back around the
circuit to equalize its plates again, You should
keep this important characteristic of capac-
itors in mind, since the action of a capacitor
in a tuned circuit is related to its ability to
answer current pulses with pulse reactions of
its own,

Suppose we now connect, not a DC voltage, but
an AC voltage source to the capacitor, This
would create a continuous repetition of the pulse
current obtained when the DC battery was
switched in and out of the circuit; an AC current
will apparently flow right through the capacitor,
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Actually, the electrons do not flow across the
space between the plates, since it is insulated.
When an AC voltage source is used, however, the
effect is the same as though the current were
flowing right through the capacitor,

If a pulsating direct current (PDC) is used, the
capacitor will block the constant part of the cur-
rent but will pass the varying part, as indicated
in Figure 3-41, This ability of a capacitor to
block the constant portion of a PDC current is
one reason why the capacitor is such an im-
portant circuit element,

PDC VOLTAGE

PASSED BY A
T VT~V CAPACITOR
-

BLOCKED BY
A CAP:CITOR

ov

Figure 3-41

The schematic symbol for a fixed capacitor is
shown in Figure 3-42,

T~

SCHEMATIC SYMBOL FOR FIXED CAPACITOR.
Figure 3-42

Figure 3-43 shows how the effect of large ca-
pacitor plates spaced closely together, but not
touching, is achieved in some actual capacitors,
A sandwich made of two sheets of metal foil,
separated by insulating paper, is wound into a
roll to give a large plate area, This keeps the
physical size of the capacitor to manageable
dimensions,

LEAD WIRE

INSULATION PAPER
LEAD WIRE —\}

ACTUAL CAPACITORS ARE FREQUENTLY
MADE OF METAL FOIL AND INSULATING
PAPER. WOUND TOGETHER IN A ROLL.

Figure 3-43

The schematic symbol for a variable capacitor
is shown in Figure 3-44, You will observe a
diagonal arrow across the plates, This symbol-
izes the fact that the size of the capacitor
may be varied,

STATOR ROTOR

\

SCHEMATIC SYMBOL FOR VARIABLE
CAPACITOR.

Figure 3-44



Page 46

Part ITI

e sty

ROTOR

g
NS,

CAPACITY

CHANGED BY
ROTATING SHAFT

YA

. STATOR
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The physical construction of a common type of
variable capacitor is shown in Figure 3-45, Most
variable capacitors of this type use air as the
insulator between the two plates, and one plate
is so arranged that it can be moved in and out
of the space between the two opposing plates,

The amount of charge on each plate of a ca-
pacitor depends on the voltage applied, The
greater the voltage applied, the greater the
charge. However, if you divide the charge on
each plate by the voltage applied across the
plates, the number we get is always the same
for any one capacitor, This number is called
the capacitance, the symbol for which is "C."

charge acquired on each plate
C=

voltage applied across the plate

Capacitors are rated in farads, which is a meas-
ure of the capacitor's ability to take a charge, The
main factors in determining a capacitor's elec~
trical size are the amount of effective plate
area, and the distance between the two plates,
Theé closer the plates are together (without
touching), and the larger the plate area, the
higher the capacity,

The actual capacitors used in electronics are
only small fractions of a farad in size, so the
terms microfarad (one millionth of afarad), and
micromicrofarad (one millionth of a millionth of
a farad) are commonly used, As an example of
this relationship, note that 1000 micromicro-
farads is equal to ,001 microfarad, which is
equal to .000,000,001 farads, Microfarad is

abbreviated mfd, uf or ufd, and micromicro-
farad is abbreviated mmf, mmfd, or ppf,

The term '"'picofarad' is now taking the place of
micromicrofarad and is denoted pf, The term
"nanofarad" (nf) is occasionally used for milli-
microfarad,

Capacitors in Series and Parallel

Capacitors, like resistors, can be arranged in
series and parallel connections, but the rules
for determining an equivalent capacitance are
not the same,

The rules for adding capacitances in series
and parallel connections are just the opposite
of those for adding resistors,

For any number of capacitors connected in
parallel, the total capacitance is simply the
sum of all the individual capacitances, Thus,

total C=C, +C,+C, +C, +C_, etc., when
the capacitors are connected in parallel,

For any number of capacitors connected in
series, the total or equivalent capacitance is

1 1 1
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Capacitive Reactance

When a negative voltage is applied to one plate
of the capacitor, the force of repulsion be-
tween the electrons forces electrons off the
second plate, Naturally this same force of
repulsion works both ways. That is, the electrons
on the second plate hinder the build-up of negative
charge on the first plate, The capacitor thus
opposes the flow of current, The opposition of a
capacitor to current is measured by its ca-
pacitive reactance., For a simple circuit con-
sisting only of capacitors and an AC voltage
source, the capacitor reactance (symbolized X )
can be used in Ohm's Law in place of R.
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Although similar to resistance, capacitive re-
actance differs from resistance because ca-
pacitive reactance depends on the frequency, As
the frequency increases, the capacitive reactance
decreases, less voltage occurs across the capac-
itor, and a greater current flows, As the fre-
quency decreases, the capacitive reactance in-
creases, The voltage across the capacitor then
increases and the current flow decreases,
When the frequency is zero, that is, when the
current is a direct current, no current flows
at all as you have already seen,

Ohm's Law for capacitors is the same as Ohm's
Law for resistors, except that resistance (R) is
replaced by capacitive reactance (Xc). Thus,

Ve Bl B TS or K =

c |

The exact value of X for a capacitor when it is
connected across an AC voltage source is given
by the equation A In this equation,
¢ LaTHE
Tr (pi) equals 3.14, f is the frequency incycles
per second, C is capacitance in farads, and Xc

is in ohms, If C is in microfarads, X is in
megohms,

When both capacitors and resistors are in-
cluded in the same circuit, which is usually
the case, the resistances and the capacitive
reactances cannot be simply added together.
Just how resistance and capacitive reactance
may be added, along with a third type of oppo-
sition to the flow, called inductive reactance,
to obtain the total opposition to the flow, called
impedance, will be discussed in Chapter 5.

RC Circuits

If a voltage is applied to a small resistor and
capacitor, the charge increases with time as
shown in Figure 3-46, The rate of charging,
which is current, is affected by resistance, When
a large resistor is placed in series withthe ca-
pacitor as in Figure 3-47, the slope of the graph
changes, By Ohm's Law E = IR. AsR increases,
I decreases if the voltage stays the same,

The actual time required for a capacitor C to
charge through a resistor R to about two-thirds
of the supply voltage is equal to the product of
C x R. If C is expressed in farads and R is
expressed in ohms, then the time constant is in
seconds, If C is expressed in microfarads andR
is expressed in megohms, then time is also in
seconds, This value is referred to as the "time
constant,"
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This characteristic is used in oscilloscope design
to give the time reference needed in moving the
spot across the face of the oscilloscope screen to
be in step with the waveform being viewed,

Another type of RC circuit consists of resistance
and capacitance placed in parallel, When PDC
voltage is applied to such a circuit, the waveform
is altered, Figure 3-48, Part A, shows such a
circuit with PDC applied to it, The resistance of
R2 is made large compared to the capacitive
reactance of the capacitor C and the resistance
of R1.,

As the voltage increases in the network (the
parallel circuit) the capacitor charges through
R1. As the voltage starts to decrease below the
voltage across the charged capacitor, the ca-
pacitor starts to discharge through the resistor,
R2. This delays the drop in voltage across R2,
The values of the capacitance and resistance
determine how much the voltage is delayed in
decreasing across R2,

As the capacitor continues to discharge through
the resistor, a secondincrease in voltage starts,
The increasing voltage will again charge the
capacitor, repeating the cycle, This results in
leveling out the PDC to make it look more like
DC. This process is called filtering., Figure
3-48, Part B shows an example of this effect,

If the resistance between the capacitor and the
ground is infinite (an open circuit), and if there
is no leakage of the charge between the plates
(that is, the plates are completely insulated)
the capacitor will maintain its charge almost
indefinitely, This situation is a source of
serious danger to the unwary, The beginner
in electronics is often startled to discover
that some instruments are dangerous even

when they are turned off.If your hand should
complete a circuit from one plate to another
of a charged capacitor, directly, or from one
plate to the other through ground, the capacitor
will discharge through you. Oscilloscopes are
especially treacherous in this regard and the
highest safety precautions should be used when
working on this instrument with the cabinet
removed,

EXPERIMENTS

In the following experiments you will see and
hear how the presence of a capacitor effects
the operation of your audio oscillator, You will
also be able to see how the size of the capac-
itor will affect the characteristics of a circuit.

We have selected the '"feedback' portion of the
circuit to show these effects, This portion was
chosen because it will function properly only if
it passes AC current and blocks DC current,
You will find the experience of working with the
feedback circuit helpful when it is discussed in
Chapter 8 in connection with oscillators,

Experiment 3-8

This experiment will show why it is sometimes
desirable to pass an AC current while blocking
DC current, This is shown by replacing a ca-
pacitor with a wire conductor, which will pass
both AC and DC current,

() Adjust the oscilloscope and audio oscillator
on the test chassis for a two-cycle wave-
form,

() Replace the ,05 pfd capacitor that is con-
nected from lug 4 of terminal strip A to
lug 3 of terminal strip B with 3-1/4" wire,
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( ) Connect one lead of the earphone to lug 1
of terminal strip E and the otherleadto lug
1 of terminal strip F.

( ) Turn the 20 K9 control through its full
range, The audio frequency AC current is
very low and may not be heard or seen,

( ) Remove the 3-1/4" wire and replace it with
the ,05 pfd capacitor,

( ) Adjust the 20 KQ control for the proper
two-cycle waveform,

Experiment 3-9

In this experiment you will see the effect of
changing the size of capacitors in the circuit,

( ) Note the position of the frequency vernier,
Record:

( ) Replace the ,05 pfd capacitor from lug 4
of terminal strip A to lug 3 of terminal
strip B with a ,01 ufd capacitor,

() Adjust the 20 KQ control onthe test chassis,
if necessary, to obtain a waveform,

() Adjust the frequency vernier on the oscillo-
scope for a two-cycle waveform, Note the po~
sition and record: ___.Alsonotice any change
in the frequency in the earphone,

( ) Replace the .01 ufd capacitor with a .1
ufd capacitor,

() Adjust the 20 KQ control on the test chassis,
if necessary, for a waveform,

( ) Adjust frequency vernier on the oscilloscope
for a two-cycle waveform, Note the position
and record:_____, Again note the change in
frequency of the sound in the earphone,

Comparing the values you recorded for the
three positions of the frequency vernier, you will
see that as the size of the capacitance increases,
the frequency decreases, In the next experiment
we will use this information to show that ca-
pacitors in parallel have more capacitance, and
in series they have less capacitance,

( ) Replace the ,1 pfd capacitor with a .05
ufd capacitor and adjust for the standard
two-cycle waveform,

Experiment 3-10

If two .05 ufd capacitors are placed in parallel,
their total capacitance can be calculated as
follows:

C-=C,+C,=.05+.05 =.10 ufd

Therefore, if another ,05 ufdcapacitor is placed
in parallel with the ,05 ufd"feedback' capacitor,
this increase in capacitance shoulddecrease the
frequency,

( ) Connect a second ,05 ufdcapacitor from lug
4 of terminal strip A to lug 3 of terminal
strip B.

() Adjust the 20 KQ control on the test chassis
if necessary, and note the frequency change.

If the same two capacitors are placed in series,
their total capacitance is:

e NS [9m) SRPON I
€ LB E o 05 ails
T :
c 05

C = .025 ufd

This decrease in capacitance should increase
the frequency of the audio oscillator.

( ) Disconnect the 6" wire at lug 4 of terminal
strip A and connect it to lug 2 of terminal
strip D.

( ) Disconnect one of the two .05 ufd capacitors
at lug 3 of terminal strip B and connect it
to lug 2 of terminal strip D. This places
two .05 capacitors in series,

( ) Adjust the 20 K control of the test chassis
if necessary, and note the frequency change,
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( ) Remove the ,05 pfd capacitor from lug 4 of

terminal strip A to lug 2 of terminal strip
D

( ) Disconnect the 6" wire from lug 2 of terminal
strip D and connect it to lug 4 of terminal
strip A.

() Remove the earphones,

( ) Adjust for the two-cycle waveform and re-
move the earphone connections from the
test chassis,

( ) Turn off the oscilloscope and test chassis,

SUMMARY

Capacitors are used in electronic circuits be-
cause they pass AC and block DC current,

The opposition to current flow called capac-
itive reactance, is decreased by increasing either
the frequency or the capacitance,

Capacitors placed in series decrease the ca-
pacitance, Capacitors placed inparallel increase
the capacitance,

Resistance placed in series with a capacitor
changes the charging and discharging rate, RC
circuits, among other things, are used to filter
rectified DC and to provide a time base for
oscilloscopes,

CHAPTER 5

Inductance and Impedance

An inductor is a coil of wire which opposes
the flow of AC current, Coils have different
electrical values, depending upon the size of
wire, the diameter of the turns, the number of
turns, the nature of the material used in the
center of the coil, etc, The coil you installed
on the test chassis is an iron core, center
tapped, variable inductor, Two types of coils are
shown in Figure 3-49,

Transformers, antenna loops, and electric motor
windings are familiar types of inductors. RF
coils, IF coils, and speaker coils used inradios
are examples of not-so-well known inductors,
An inductor with a capacitor make up a very
special circuit called the tuned circuit,

SCHEMATIC
sSYMBOL

—
T
gsuea%fﬂc VARIABLE INDUCTOR

Figure 3-49

Inductors function because a wire carrying an
electric current has a magnetic field around
it. How this affects the current flowing in a
coil of wire will be discussed in this chapter,
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Magnetism and Current

Everyone is familiar with magnets, The mag-
netic field around the magnet is shown pic-
torially by drawing magnetic lines of force
around it, See Figure 3-50;

MAGNETIC LINES OF
FORCE AROUND A MAGNET

Figure 3-50

Although magnetism and electricity are not ex-
actly the same thing, they are very closely re-
lated, A magnetic field is set up around any
current-carrying wire, Also a current can be
made to flow in a wire by moving the wire
through a magnetic field, The magnetic lines
of force around a current-carrying wire are
shown in Figure 3-51, If AC current is used
in the wire shown in Figure 3-51, the magnetic
lines of force from thefirst part of the wire loop
cut across the second part of the loop and in-
duce a back current, This backcurrent is small-
er than the initial current and is in the opposite
direction, The wire loop thus opposes the flow
of alternating current, The induced current is
in the direction opposite to the entering current,
and therefore opposes the entering current, This
opposition to the entering current is called "in-
ductance,"” The symbol for inductance is L.

INITIAL CURRENT

INITIAL CURRENT

Figure 3-51

The inductance of the single loop is very small,
Appreciable inductance is achieved by stacking
the loops to form a coil so that the magnetic
fields of each loop reinforce one another,

By Ohm's Law, the induced current must
be accompanied by an induced voltage, Because
this voltage can be measured more directly, we
usually speak of an induced voltage rather than
an induced current, The term back emf (elec-
tromotive force) is used more frequently than
the term "induced voltage' to emphasize the
fact that the induced voltage opposes the entering
flow,

The inductance of a coil is measured in henrys,
When a current is changing uniformly at one
ampere per second and produces a back emf in
the coil of 1 volt, the inductance of the coil is
1 henry,

Pure inductances in series and parallel add the
same way resistors do, For inductors in series,
L=L,+L,+ L v L, 4 Ly . For inductances

mparallel, 1 - ¥V . 1T . 1 .1 .1

L Ly Lo Ly Ly L,

However, it is almost impossible to get a pure
inductance of any appreciable size, since any coil
of wire also contains DC resistance,

Transformers

A transformer is a device used to change the
voltage and current from an AC source, It is
usually used to step up the voltage and step down
the current, It makes use of the relation between
magnetism and current discussed previously,
The magnetic field around a coil produces a back
emf (or induced current) in that same coil, If a
second coil is placed very close tothefirst one,
the magnetic lines of force from the first coil
will also cut across the second coil and induce
in it a current, provided that the current in the
first coil is AC. The value of the current and
voltage in the second coil depends onthe number
of turns in each coil and, of course, upon the
current and voltage in the first coil, It also
depends on the electrical properties of any
material between the two coils, Power supplies
use iron core transformers,
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For an iron core transformer, if the number of
turns in the secondary coil is twice the number
of turns in the first coil, called the primary
coil, the voltage will be doubled, If there are
four times as many turns in the secondary
coil as there are in the primary coil, the
induced voltage (the voltage in the secondary
coil) is four times as large as the input voltage
(the voltage in the primary coil). The air core
transformer is used at radio frequencies, The
symbols for air core andiron core transformers
are shown in Figure 3-52,

¥ O

SCHEMATIC
SYMBOL

i 2

SCHEMATIC
SYMBOL

IRON CORE TRANSFORMER

AIR CORE TRANSFORMER

Figure 3-52

Inductive Reactance

Inductance opposes the flow of current as does
resistance and capacitance, The opposition to
current flow in a coil is called inductive re-
actance, Like capacitive reactance, inductive
reactance depends on the frequency., Whereas
capacitive reactance decreases with anincrease
in frequency, inductive reactance increases with
an increase in frequency, When the frequency
is zero (direct current) the inductive reactance
is zero.

The formula for inductive reactance (symbolized
X_) is X_ = 2 7T fL; where 7T equals 3.14, f is
the frequency in cycles per second, L is the in-
ductance in henrys, and X_ is given in ohms,

Like R and X<, X_ can be used in Ohm's Law
only if inductance alone is present inthe circuit.

To use Ohm's Law in a circuit containing
inductance, resistance, and capacitance, the
three quantities are combined in one called
impedance,

Impedance

The total opposition of the circuit to current is
called the impedance "Z'" of the circuit, If the
circuit contains only resistance, the impedance is
equal to the resistance, If the circuit contains all
three; inductive reactance, capacitive reactance,
and resistance, the impedance is a combination
of these but not simply the sum of all three,

This is true because X_, X, and R all oppose
the current flow in different ways, Resistance
only dissipates the energy in the current; ca-
pacitance and inductance both store and release
the energy. Capacitance and inductance differ
because when capacitance is storing the energy,
inductance is releasing it, When the capacitance
is releasing energy, the inductance is storing it,

Inductive reactance and capacitive reactance are
both called reactance, "X,'" but because they
function in opposite ways they are considered of
opposite nature, Because of this, the total re-
actance is equal to the difference between Xc
and X_. Reactance can be thought of as AC
resistance, It is used in calculating the im-
pedance of the circuit, If X _is larger than X,
then the reactanceX = X_ - X .If Xcis larger
than X,_, then the reactance X = Xo - X_.

The equation for the total impedance of the
circuit is: 72 - Rz " X2 or 7 _ ]/Rz + X2

R is the resistance of the circuit and X is the
reactance of the circuit, equal to the difference
between the capacitive reactance and the in-
ductive reactance, Z, R, and X are all given in
ohms,

Impedance can now be used directly in place of
R in Ohm's Law for any AC or DC circuit,
Ohm's Law, in its most general form, is

ExIZ or |=§°,Z=,II_5.

Resonant Circuits

A circuit composed of a resistor, a coil, and a
capacitor, all connected in series with an AC
voltage source is shown in Figure 3-53A.Sucha
circuit is called a series RLC circuit, Figure
3-53B shows a parallel tuned circuit such as
will be constructed in Experiment 3-11, These
circuits are resonant at one particular frequen-
cy; the impedance of the circuit changes with
the frequency and is equal to R for a particular
frequency, called the resonant frequency,
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Figure 3-53

As you saw earlier, the impedance of an AC
circuit can be broken down into the DC imped-
ance (or resistance) and the AC impedance (or
reactance). The reactance is equal to the dif-
ference between the inductive reactance and the
capacitive reactance, Since inductive reactance
increases with frequency and capacitive react-
ance decreases with frequency, there is one
particular frequency at which the inductive re-
actance just equals the capacitive reactance,

When X = Xc, X_ - Xc =0; that is, the re-
actance of the circuit is equal to zero, The total
impedance of the circuit is then equal to just the
DC impedance or the resistance, and this occurs
when the frequency is the resonant frequency,
At any frequency above or below resonance
the total impedance will be greater,

When the total impedance is at a minimum (at
the resonant frequency), the current passed
through the RLC circuit will naturally be at a
maximum, The general shape of the voltage fre-
quency curve is shown in Figure 3-53B. The
exact shape of the curve will depend on the par-
ticular values of R, L. and C used, The sharper
the peak on the current frequency graph, the

greater is the selectivity or sharpness of the
circuit,

The RLC circuit has many applications in such
fields asradio, amplifier stages, radiofrequency
oscillators, and others, The tuning circuit of a
radio consists of a fixed coil, some resistance,
and a variable capacitor, A radio stationbroad-
casts its signal at one particular frequency, The
radio signal is picked up by the antenna, causing
an RF (radio frequency) voltage to exist in the
antenna, The antenna lead is connected to the
tuning circuit, When the variable capacitor of
the tuning circuit is adjusted so that the resonant
frequency of the tuning circuit is the same as the
frequency at which the radio station is broad-
casting, this signal is passed by the tuning cir-
cuit, whereas the signals of all other radio sta-
tions which are broadcasting at different fre-
quencies are rejected, The tuned ratio fre-
quency is then passed through the rest of the
radio and ultimately into the speaker of the
radio, (The subject of amplification will be
discussed in Part IV.)

EXPERIMENT 3-11

In the first part of this experiment you will
build a radio frequency (RF) oscillator, An RF
oscillator has three basic sections; an ampli-
fier, feedback, and a tuned circuit, You will
examine the tuned circuit variation as shown
by the shaded aréa in Figure 3-54,

Amplifiers and feedback will be discussed in a
later chapter, How an oscillator works will
also be discussed later,

In the second part of the experiment you will
look at an RF sine wave and observe the effect
of changing the inductance in the circuit,

O
(@]
:
Q3 &)
6800
, (O a 0]
TUNED CIRCUIT OO &
. (Fgrl-:ggm Y DETERMINING o050
oot —O O O O
{( MFD

Figure 3-54
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Figure 3-55

Do not remove any of the components on the
test chassis, They will be needed in a later
experiment,

Refer to Figure 3-55 for the following steps.

() Locate lug 1 of terminal strip E and dis-
connect the 6" wire that runs to lug 4 of
terminal strip A.

( ) Disconnect the 6" wire that runs to lug 2 of
terminal strip F.

() Connect a 6800 Q (blue-gray-red) resistor
from lug 2 of terminal strip E to lug 1
of terminal strip F.

( ) Connect a ,001 ufd capacitor from lug 1 of
terminal strip C to lug 2 of terminal strip
E.

() Connect a 470 puf capacitor from lug 1 to
lug 3 of terminal strip C.

4

( ) Connect a 3-1/4" wire from lug 2 to lug 4
of terminal strip C.

( ) Connect a 3-1/4" wire from lug 3 of termi-
nal strip C to lug 1 of terminal strip E.

() Install transistor Q3. Connect lead C to lug
3 of terminal strip C. Connect lead E to
lug 1 of terminal strip F, and connect lead
B to lug 2 of terminal strip E.

This completes the assembly of the RF oscil-
lator circuit on your test chassis,

( ) Connect test leads from the test chassis
output terminals to the vertical input of the
oscilloscope, Turn on both units,

() Turn the horizontal frequency selector to
cover the 100-500 kc range,
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( ) I the oscillator does not oscillate, connect
a 100 KQ (brown-black-yellow) resistor
from lug 2 of terminal strip E to lug 2
of terminal strip C.

() Adjust for a two-cycle waveform,

Figure 3-56

( ) Using the plastic alignment tool, turn the
slug inside the coil slowly clockwise (as
in Figure 3-56) and note the change in
waveform,

Turning the slug, a molded, powdered-iron core,
changes the inductance of the coil, Since the
inductance has changed, X,_ no longer equals X
for that frequency, Small changes of L will
result in small changes of frequency. However,
if the slug is turned completely out of the coil,
the circuit will stop oscillating., This happens
because the inductive reactance becomes too
small,

( ) Turn the slug counterclockwise until it
reaches approximately its original position,
If the oscillator does not start to oscillate,
turn the test chassis off and back on,

( ) Turn the slug counterclockwise to repeat
the above procedure,

() Turn off the chassis,

SUMMARY

A coil of wire offers resistance to the flow of
AC current, This property of coils is called
inductance, L. L is measured in henrys, The
AC resistance of an inductor, called inductive
reactance is measured in ohms,

A transformer is two or more windings with
the same core, Transformers are used to
change the current and voltage values of an AC
source, Transformers are used in power sup-
plies,

The total opposition to the flow of current in a
circuit is called impedance and is a combina-
tion of R, Xc, and X_. Since X equals the

difference of X, and X, then Z =} R?%+ X3,
Z is also measured in ohms.

In an RLC circuit the impedance changes with
the frequency, At a particular frequency, the
resonant frequencywhen X, = X and Z
equals only R, the circuit can be made tooscil-
late easily, This is a tuned circuit,
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CHAPTER 6

Semiconductors
Between conductors and insulators are semi- B s o | o o e
conductors, which only partially resist electric =~ _ _ __ _ _|
current, Such materials as germanium andsili- [ P TYPE N TYPE
con, in special prepared forms, make up a long + + 4+ - = -

line of important semiconductor devices, Tran-
sistors, crystal diodes, thermistors, varistors,
and solar cells are made of semiconductor
material,

In this chapter the crystal diode and transistor
will be discussed, The transistor as a circuit
element is shown, Andfinally, in this chapter, the
amplifier is discussed, You will then build a
transistor amplifier in the experiments,

Semiconductor Materials

Semiconductors are a group of materials that
are in the center of the resistance spectrum,
These materials acquire special characteristics
caused by altering their crystal structure,

Pure semiconductor materials have arather high
resistance to the flow of electric current,
When impurities are added to the semicon-
ductor material (amounts and types of these
impurity materials are carefully controlled),
the material has much less resistance to the flow
of electric current, When one type of impurity
is added, it causes a semiconductor material
to have many excess (loosely held) electrons; this
type of semiconductor crystal, shown in Figure
3-57, is called "N" type (negative).

When another type of impurity is added to the
semiconductor material, it causes a shortage
of electrons in a semiconductor material; this
type of semiconductor crystal, also shown in

Figure 3-57, is called "P" type (positive).
N P
TYPE TYPE
-— = b
—— o
- - - ++++++
-—- +7+ 7+
EXCESS SHORTAGE
ELECTRONS OF
ELECTRONS

Figure 3-57
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Figure 3-58

When N type and P type semiconductor crystals
are joined together in a crystal diode, as shown
in Figure 3-58, an unusual and very important
phenomenon occurs at the "junction' where the
two crystals are joined, When the positive termi-
nal of the battery is connectedtothe N type crys-
tal and the negative terminal of the battery is con-
nected to the P type crystal, the junction
appears like a very high resistance (almost like
an insulator) and only the tiniest trickle of
current is able to flow, A PN crystal, con-
nected in this manner so that almost no current
flows, is said to have reverse bias appliedto it,

When the battery is reversed, with the negative
terminal connected to the N type crystal and the
positive terminal connected tothe Ptype crystal,
current flows easily and the PN crystal acts like
a small resistor (almost like a conductor). A PN
crystal, connected in this manner so that the cur-
rent flows through it, is said to have forward bias
applied to it,

A PN crystal junction, therefore, acts like a
very large resistance when current tries toflow
through it in one direction, and acts like a very
small resistance when current flows through it in
the other direction, This makes semiconducting
material different from ordinary resistance
materials,
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Figure 3-59

The same type of one-way current effect also
occurs in a different type of crystal diode, called
the "point contact' diode, The point contact diode
is shown in Figure 3-59, The behavior of this
point contact diode is essentially the same as
the behavior of the PN junction diode; in one
direction it presents a very high resistance to
electric current and in the other direction, it
presents a very low resistance to electric cur-
rent,

Transistors

Transistors are made by placing the two differ-
ent types of semiconductor crystals together in
the form of a sandwich, Two crystals of one
type are used for the "bread' parts of the sand-
wich, and one crystal of the other type is
used in the ''meat" position between the two
others, A transistor is also like having two
semiconductor diodes, made from only three
pieces of crystal material,

PNP TYPE TRANSISTOR

COLLECTOR

P COLLECTOR
(©

BASE

BASE N ®

EMITTER
(€)

ELECTRICAL SYMBOL

EMITTER

CRYSTAL CONSTRUCTION
OF THE TRANSISTOR

Figure 3-60 shows how junction transistors are
constructed, andtheir schematic symbols, At one
end of the PNP transistor is a large ""P'" type
semiconductor crystal called the Emitter, At the
other end of the transistor is another large P
type crystal called the Collector. In between these
two P type crystals is a thin wafer of N type
crystal material called the Base,

The NPN transistors are constructed in exactly
the same manner, exceptthat the types of crystal
material are reversed; two N type crystals are
separated by a thin wafer of P type crystal, The
schematic symbol for the NPN type transistor is
the same, except that the arrow that indicates
the emitter points in the opposite direction,
away from the base, The first type of tran-
sistor, the PNP type, is used in the circuits
that are constructed in this kit and are the most
common type,

NPN TYPE TRANSISTOR
COLLECTOR

N COLLECTOR
(©
BASE
BASE P
(®
N EMITTER
€)

ELECTRICAL SYMBOL
EMITTER

CRYSTAL CONSTRUCTION
OF THE TRANSISTOR

Figure 3-60
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To make the operation of transistors easier
to understand, think of the Emitter as emitting
current into the transistor, Think of the Col-
lector as collecting current and sending it back
through the rest of the circuit to the battery,

The Transistor as a Circuit Element

A transistor acts like a resistor; a resistor
that can be adjusted in electrical size to have
either a larger or smaller number of ohms,
By controlling the amount of resistance that this
transistor presents to the circuit, the amount of
current that flows through the circuit can be
controlled,

In Figure 3-61 a1000 ohm resistor, R1, has been
connected in series with the variable resistor,
In Part A of Figure 3~61 the variable resistor has
been adjusted to a resistance of 250 ohms, The
Ohm's Law calculation shows that ,008 amperes,
or 8 milliamperes of current is flowing through
the circuit, The lower calculation shows that 8
milliamperes of current flowing through R1

causes 8 volts to be measured across resistor
R1. The remaining 2 volts appear across the
variable resistor,

In part B of Figure 3-61 the variable re-
sistor has been adjusted to a resistance of 1000
ohms, Now, 5 milliamperes of current is flow-
ing through the circuit, This 5 milliamperes of
current flowing through resistor R1 causes a
voltage of 5 volts to appear across R1, The re~
maining voltage, 5 volts, appears across the
variable resistor,

Thus the voltage across the seriesresistor (R1)
changed from 8 volts to 5 volts, This is demon-
strated in the two schematics of Figure 3-61
which show that turning the shaft of the variable
resistor controls the circuit current, Therefore,
turning the shaft controls the voltage developed
across series resistor R1, The amount that the
voltage across R1 changes depends on how far
the shaft is turned,
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Figure 3-62

A transistor changes circuit voltages and cur-
rent (see R1) electrically by changing the
transistor control voltage of battery #2, Figure
i 3-62 shows a transistor replacing the variable
resistor of Figure 3-61, The values for cur-
rent and resistance given in Figure 3-62 were
selected to make the circuit action as clear as
possible, and are not necessarily the amounts of
current or resistance that you might find in an
actual circuit,

In both parts of Figure 3-62 the battery voltage

- connected to the Base of the transistor does the
same job as the shaft of the variable resistor;
it causes the resistance of the transistor in the
series circuit to be changed,

- In Part A of Figure 3-62, a 1.5 volt battery is
connected between the Base and Emitter of the
transistor, causing 3 milliamperes of currentto
flow in the circuit. The 3 milliamperes of cur-
rent causes 3 volts to appear across 1000 ohm
resistor R1, This leaves 7 volts appearing
across the transistor, Calculating the resistance
— of the transistor with Ohm's Law shows that

under these conditions the transistor acts like
a 2333 ohm resistance would in the circuit,

In Part B of Figure 3-62; a 3 volt battery re~
places the 1-1/2 volt battery that is connected
between the Base and Emitter of the transistor,
This voltage increase causes the resistance of the
transistor to decrease, so that now 6 milliam-
peres of current flows in the circuit, With the
larger current, 6 volts now appear across re-
sistor R1, Using Ohm's Law to calculate the new
resistance of the transistor inthe circuit, shows
that it has decreased to 666 ohms,

This change in resistance demonstrates that a
transistor in a series circuit acts like a
variable resistor. The change of resistance
is performed mechanically in the variable re-
sistor by turning the shaft, and it is performed
electrically in the transistor by changing the
voltage applied between the Base and the Emitter,
The next section will explain how this elec-
trically-controlled resistance change is put to
use in circuits,



Page 60

Part IIT

(& === ~7riz]

HOW TO CONTROL THE CURRENT FLOWING THROUGH A TRANSISTOR

FORWARD BIAS
LARGE CURRENT FLOW

— = = —[+ + + +
----- + + + +

—_— e ==+ T+
Lo e

" L N\

REVERSE BIAS
ALMOST NO CURRENT FLOW AT ALL

- = =l e+ s

- - = - + + 4+ &
N

—————— + o+ + o+

- - - + 4 F
+ -
—i|—=

NOTE THAT THE BATTERIES ARE
CONNECTED IN OPPOSITE DIRECTIONS.

Figure 3-63

How to Control the Current Flowing Tbrougb

a Transistor

You will now see how a small current flowing
from the Emitter tothe Base controls the amount
of resistance in the transistor, and therefore
determines whether alarge or small current will
flow through the transistor from Emitter to
Collector, Earlier in this chapter you were
introduced to P type and N type semiconductor
crystals, Remember that a diode was made by
joining N type and P type crystals together, and
that a diode may be connected to a battery in
two ways, The area where the two crystals
come together is referred to as a junction.,

Useful amounts of current will flow in only one
direction through a junction, When the battery
is connected to the crystal in such a direction
that current flows, the diode (or junction) is
said to have '"forward bias' applied to it, When
the battery is connected so that practically no
current flows, the diode (or junction) is said
to have 'reverse bias' connected to it, Semi-
conductor diodes that have forward bias and
reverse bias applied to them are shown in
Figure 3-63,

Transistors usually contain two PN junctions,
One of these junctions is between the Emitter
crystal and the Base crystal, and the other is
between the Base crystal and the Collector
crystal, A NPN type transistor is shown in
Figure 3-64,

To make the transistor operate properly, the
batteries are connected so that the Emitter-
to-Base junction has forward bias applied to
it, and the Base-to-Collector junction has re-
verse bias applied to it, Because the Base
crystal is actually constructed so that it is very
thin (sometimes only about 1/1000 of an inch
thick), most of the current leaves the Emitter,
passes right through the thin Base region, and
flows to the Collector, As a result, only a very
small current flows from the emitter to the Base,
and a comparatively large current flows from the

COLLECTOR

N
- 50 MA

~]_cJUNCTIONS
p

51 MA

EMITTER

Figure 3-64
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Emitter to the Collector, The currents shown in
Figure 3-64 are representative of the relative
sizes of currents in actual circuits, Notice that
50 milliamperes of current is flowing from the
Emitter to the Collector and only 1 milliampere
of current is flowing from the Emitter to the

Base,

The small current that flows from the Emitter
to the Base controls the large current that flows
from the Emitter to the Collector, This smaller

Emitter-to-Base current causes changes totake
place in the PN junctions with the result that
the transistor acts as if it were made up of
the resistors shown in Figure 3-65,

The junction between the Emitter and the Base
acts like a small fixed resistor, and the junc-
tion between the Base and the Collector acts
like a large variable resistor, This large
variable resistor usually stays large compared
to the smaller resistor.
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Figures 3-66 and 3-67 shows how the Emitter-
to-Base current affects the larger variable re-
sistance that appears between the Base and
Collector of the transistor, In Figure 3-66 a
small voltage is connected between the Base
and Emitter with the minus and plus terminals
connected as shown, The small voltage causes
a small amount of current to flow from the
Emitter to the Base, This small Emitter-to-
Base current causes the variable Base-to-Col-
lector resistance to be quite large, and as a
result, a smaller currentflows through the tran-
sistor from the Emitter to the Collector,

In Figure 3-67 a larger voltage has been con-
nected between the Base and Emitter of the tran-
sistor, causing a larger current to flow, The
larger Emitter-to-Base current causesthe var-
iable Base-to-Collector resistance to become
smaller, thus allowing a larger current to flow
from the Emitter tothe Collector in the transist-
or. Remember then, that a small Emitter-to-
Base current results in a small Emitter-to-
Collector current and that a larger Emitter-to-
Base current causes a large current to flow
from the Emitter to the Collector,

A small voltage, therefore, applied between the
Base and Emitter of atransistor, will control the
current flowing in a transistor almost as if it
were opening and closing a gate for the current
to flow through, All practical transistor circuits
work only because the current through the tran-
sistor can be controlled in this manner,

PNP Transistor

There are two types of transistors, the NPN
type and the PNP type. In the explanations of
previous paragraphs, NPNtransistorshave been
used, In NPN transistors, the current emitted
by the Emitter consists of a flow of electrons,
These electrons are then collected by the Col-
lector and sent back to the battery,

In the following paragraphs, all explanations will
deal with PNP transistors, since transistors
of this type, which are used more commonly,
are supplied with this kit, PNP transistors work
in exactly the same manner as the other type, ex-
cept that the batteries are connected in the
opposite direction, This means that all the
electron streams will flow through PNP tran-
sistors in the opposite direction from the cur-
rents that were shown by the arrows in the
circuits of the previous pages.
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All the PNP circuits in the following pages — + +|p —
could be explained by observing the flow of --T—+ + ™
electrons as you have done in previous lessons, + + e
As you follow the flow of electrons from B P & a
the Collector to the Emitter, it would seem as gl o || o |
if the current were flowing backwards in the + i o §
transistor, In the type of explanation that will be s S S
used, however, the Emitter is still emitting the 1= i +|p 2 x
current into the transistor andthe Collector still = o — z
collects current as before, The following par- T+ + i
agraphs will explain how and why this is done, + +
E
Hole Current

Engineers and scientists explain the flow of
current by either one of two theories; by the
flow of electrons which flow from - to + in the
circuit, or by the flow of holes (called 'con-
ventional current" or '"hole current') which
flow the other way, from + to -, These two
types of currents were discussed in Chapter 1
of Part III. See Figure 3-68,

HOLE CURRENT FLOWS FROM+ TO -
Figure 3-68

We will use this "hole current" to explain the
PNP transistor circuits, The current emitted
by the Emitter and collected by the Collector
will be holes instead of electrons, The same + to
- hole current will be used throughout all these
circuits,
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A Simple One-Transistor Amplifier

Amplifiers are necessary because the signal
from a microphone (or other source of elec-
trical signals, such as a phonograph pickup)
is far too small and weak to be able to make
a speaker operate, The amplifier takes the
small signal from the microphone, or phono-
graph, and amplifies it until it is large and
powerful enough to operate a speaker,

Figure 3-69 shows a complete one-transistor
amplifier, The audio signal from the crystal
microphone is connected across apotentiometer,
The potentiometer selects a larger or smaller
amount of this signal (depending on whether you
wish the sounds to be louder or quieter) and
connects it through the capacitor to the Base
of the transistor, The capacitor is placed in the
circuit so that the AC sound signal will travel
from the potentiometer to the transistor, but
the DC voltages at the Base of the transistor
will be blocked, so it will affect neither the
potentiometer nor the microphone,

As shown in Figure 3-70, resistors R1 and R2
form a voltage divider, This voltage divider
causes a DC voltage to appear across re-
sistor R2 that takes the place of the battery
that was shown connected between the Emitter

and Base in previous circuits, The main ad-
vantage of using resistor voltage dividers in-
stead of batteries, are that they are smaller
in size, and also that only one battery is
needed for the whole amplifier,

The signal voltage from the potentiometer is con-
nected across resistor R2 by means of the ca-
pacitor,

THIS RESISTOR...

ng

-.TAKES THE
PLACE OF
THIS BATTERY

Figure 3-T0
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The small signal current flowing from the
Emitter to the Base controls the large current
flowing from the Emitter to the Collector; as
a result the large current, since it is controlled
by the smaller current, looks exactly like the
small signal current, The larger signal current
from the Collector then goes through the speak-
er where it is changed back into sound again,

A Two-Transistor Amplifier

Figure 3-71 shows a two-transistor amplifier,
Actually, a one-transistor amplifier such as
the amplifier of Figure 3-69 usually is not able,
by itself, to create a large enough signal to
drive a speaker,

In the two-transistor amplifier the sound signal
is sent from the crystal microphone to the po-
tentiometer, and from the potentiometer through
C1 to resistor R2, The signal voltage acrossre-
sistor R2 controls the Emitter-to-Base current
of transistor Q1. Just as before, the smaller
Emitter-to-Base (signal) current controls the
larger Emitter-to-Collector (signal) current,

The amplified signal current from the Collectcr
of transistor Ql, instead of flowing through the
speaker as before, flows through load resistor

R3, Since the signal current through R3 is
changing like the input signal from the mic-
rophone, it creates a voltage across R3 (by
Ohm's Law) that follows all the changes of
the input audio signal,

The enlarged audio signal appearing across R3
then passes through capacitor C2 and is applied
to the Base of transistor Q2, Capacitor C2
keeps the DC voltages of the two transistors
from being mixed together but allows the AC
signal voltages to pass from one transistor
circuit to the other,

Now, at transistor Q2, the full cycle repeats
itself once again, The audio signal increases
and decreases the currents flowing from the
Emitter to the Base of transistor Q2. This
controls the larger current that flows from the
Emitter to the Collector of transistor Q2, and
the audio signal is enlarged a second time, just
as it was in transistor Q1, The signal from the
Collector of transistor Q2 is connected to the
speaker, and the original signal from the mic-~
rophone is changed back into a sound signal
again, but greatly amplified in size, The pur-
pose of resistor R6 is to provide the correct
DC operating voltage at the Emitter of tran-
sistor Q2.
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EXPERIMENT 3-12

The earphone supplied with this kit will also
serve as a small microphone to convert sound
waves to small AC currents, The two-tran-
sistor amplifier of Figure 3-72 will be used to
amplify this small AC current so that it can be
viewed on the oscilloscope. In Figure 3-72 the
speaker discussed earlier is replaced with re-
sistor R7, which serves as a load resistor for
the collector of Q2, Figure 3-73 shows the
test chassis wiring for the circuit shown in
Figure 3-72,

( ) Take the earphone apart as shown in Fig-
ure 3-T3A.

( ) Disconnect the 3-1/4" wire that runs from
lug 2 to lug 4 of terminal strip C.

nal strip E the 3-1/4" wire that
runs to lug 3 of terminal strip
(@

(i)
() Disconnect from lug 1 of termi- U
=

() Reconnect to lug 1 of terminal
strip E the 6" wire that runs to
lug 2 of terminal strip F.

Figure 3-7T3A

() Remove the .05 pfd capacitor from lug 4
of terminal strip A to lug 3 of terminal
strip B.

() Remove the .05 pfd capacitor from lug 1
to lug 4 of terminal strip B.

() Connect one lead of the earphone to lug 3
of terminal strip B and the other lead to
lug 1 of terminal strip D.

() Connect one test lead of the oscilloscope
to lug 2 of terminal strip F andthe other to
lug 1 of terminal strip D.

() Turn on the oscilloscope and adjust it for
a straight line on the horizontal axis, Turn
the vertical input to the X1 position (most
sensitive position), Turn the horizontal
frequency selector to the 100 to 1000 cps
range,

( ) Turn on the test chassis., Talk into the
microphone (earphone). Adjust the vertical
gain until an easily visible waveform canbe
seen, Adjust the 20 K2 control fully clock-
wise,

—
~

Try several sources of sound such as
whistling, singing, talking, etc. Note the
difference of waveforms between ''noise"
and whistling,

—~
~

Using a steady amplitude (intensity) level
of sound, change the oscilloscope leadfrom
lug 2 of terminal strip Ftolug1 of terminal
strip B.

Note the change in height of the waveform, This
change of leads picks up the sound wave after
only one stage of amplification, at the collector
of Q1,

( ) Remove the earphone leads and turn off
both the oscilloscope and the test chassis,
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SUMMARY

Semiconductor materials are resistive mater-
ials that have special characteristics caused by
their crystal structure, When impurities are add-
ed to these semiconductor materials it causes
either excess electrons in the semiconductor
material (N type) or causes a shortage of elec-
trons in the semiconductor material (P type).

Combining an N type and a P type crystal re-
sults in a rather unusual effect across the
junction where the two crystals join, When an
electric current goes through this PN crystal in
one direction, the crystal appears tohave avery
low resistance; when an electric current tries to
go through this PN crystal in the other direction,
the crystal appears to have a very high resis-
tance, This unusual effect is put to practical use
in both crystal diodes and transistors,

A transistor contains three semiconductor cry-
stals, A very thin wafer of one type of crystal
is placed between two larger segments of the
other type of crystal, Current flows into this
transistor from the crystal at one end called
the Emitter, passes through the thin center
crystal called the Base, and is collected by a
third crystal called the Collector, Only a small
amount of the total current from the Emitter of

the transistor flows from the Emitter to the
Base, Because the Base is so thin, most of the
current passes through it to the Collector,

The small current that flows from the Emitter
to the Base of the transistor controls the large
current that flows from Emitter to Collector,
When the Emitter-to-Base current is smaller it
acts as if it were closing a gate between the
Emitter and Collector, which allows less cur-
rent to flow through, When there is a larger
Emitter-to-Base current it acts as if it were
opening agate between the Emitter and Collector,
allowing a larger current to flow through,

In an NPN transistor, a stream of electrons
flows from the Emitter to the Collector, In a
PNP transistor, a stream of holes (hole current)
flows from the Emitter to the Collector,

In a two-transistor amplifier the electrical
sound signal from the microphone is amplified
two different times, One transistor amplifies
this audio signal and the second transistor
amplifies the signal more, If each of these
transistors amplified the signal ten times, then
the signal coming from the second transistor
would be one hundred times larger than the sig-
nal that was going into the first transistor,



Figure 3-7T3
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Vacuum Tubes

If two metal plates, or electrodes, are enclosed
in a vacuum by a glass tube, we have a simple
vacuum tube called the diode, Adding another
metal element results in another type of vacuum
tube called the triode, Adding more elements
yields the tetrode and pentode,

The vacuum tube is still the heart of most
electronic devices such as radio, television,
and radar, The oscilloscope contains several
different types of tubes, For many applications
in the oscilloscope, vacuum tubes as compared
to transistors, handle high voltages and great
power,

This chapter will explain how the vacuum tube
works, The process of rectification is discussed
and vacuum tube amplification is explained,

The Diode Tube

The term '"diode'" when applied to a vacuum
tube means that the tube has just two elements;
a cathode, and a plate, The 'cathode'" is a
small-diameter metal tube located in the center
of a larger-diameter metal tube called the
"plate' or '"anode." The cathode and plate ele-
ments of a diode vacuum tube are shown in
Figure 3-74, Both metal cylinders may be open
at each end, and are positioned in the tube so
they do not touch each other at any point,

THE DIOCDE TUBE

CATHODE

¢—PLATE

THE TWO MAIN ELEMENTS OF A DIODE TUBE
ARE THE CATHODE AND THE PLATE.

Figure 3-T4

‘The operation of any vacuum tube depends on the

emission of electrons from a material, Some
materials, such as tungsten and several metallic
oxides, will emit electrons fromtheir surfaces
when they are heated, The electron emission
occurs in the same way that water boils off
the surface of a hot frying pan, The cathode of
a vacuum tube is made of an emitting material,
and the cathode is heated by a heater filament
just like the heating filaments in an electric
toaster, For this discussion a diode is pic-
torially connected to a battery in Figure 3-75,
The same picture is shown in schematic form
in Figure 3-76,
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VOLTAGE IS APPLIED.

Figure 3-175
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With no other elements present, a cloud of
electrons would accumulate above the surface
of the cathode, just as a fog of water vapor
will appear at the spout of a tea kettle,

BATTERY
/|
© &

‘ CATHODE (HOT) T

LATE (COLD)
Figure 3-76

When the battery is connected as shown in
Figure 3-76, a + charge appears on the plate
(P). When the heater filament (H) is heated (by
a separate voltage source not shown in Figure
3-76) the cathode (K) becomes hot enough to
emit electrons, These electrons are then attract-
ed to the plate (opposite charges attract) and
travel the space between the cathode and the
plate as shown by the small arrows in the tube
in Figure 3-76, The tube is evacuated so that
the electrons will not be slowed down by any
air in the tube, (Hence the term "vacuum tube.')
When the electrons reach the plate, they continue
to flow to the + side of the battery, The electrons
which have "'boiled off" the cathode are replaced
by the - side of the battery, so that electrons
must flow from the - side of the battery to the
cathode, In this way, a circuit is completed,

HEATER

If the battery is reversed as shown in Figure
3-7T7, no current will flow, The cathode will
still emit electrons, but these will be repulsed,
not attracted, by the plate since the plate now
has a minus charge. A small cloud of electrons
will accumulate around the cathode, as shown by
the minus signs near the cathode in Figure 3-77,
Consequently no circuit is completed and no
current flows,
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Figure 3-T7
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HALF-WAVE RECTIFICATION

Figure 3-178

If an AC voltage is applied to the vacuum tube,
the effect would be just like continually revers-
ing the battery. The positive half of the cycle
would cause a current to flow, but the negative
half of the cycle would not, The current is thus
rectified, and the resulting waveform is half-
wave rectified DC. The circuit with one diode
for rectifying AC current is shown in Figure
3-78, Two vacuum tube diodes can be arranged
as in Figure 3-79 to produce full-wave recti-
fied DC.

FULL-WAVE RECTIFICATION

Figure 3-79
Amplification

The importance of amplification by a triode is
not limited to just the operation of oscilloscopes.
It is the heart of modern electronics, This
""Age of Electronics' began when a third element,
the grid, was added to the vacuum tube diode,
resulting in a triode,
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When it is said that a small "input" voltage is
"amplified" by a triode to produce a large
"output" current, this does not mean that the
number of electrons in a wire is suddenly multi-
plied by some magic means, You do not get
something for nothing, If a small input voltage is
"amplified" to produce a large output current,
the output current is supplied by a separate
current source, The large output current is
merely regulated or controlled by the small
input voltage, The output current of an ampli~
fier is proportional to the input voltage, but the
output current does not come from the input
voltage,

Another look at a similar water flow situation will
serve to illustrate the idea of amplification, Fig-
ure 3-80 shows a water duct which is partially
closed by a valve gate, How much of the pipe is
open depends on the water pressure from the
hose. When the hose is turned off, the gate will
swing down and completely block the flow of
water from the pipe. As the hose pressure is
increased, the gate will swing away from the
opening and allow more water to flow from the
duct, With this sort of arrangement, the pressure
from a simple garden hose could regulate the
flow of millions of gallons of water,

CONTROL

Figure 3-80
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In a triode, the voltage to be amplified is just
like the pressure in the hose, The large water
duct is like a diode, The water in the large pipe
is like the voltage supplied to a diode by a
separate voltage source such as a battery, The
valve gate is like the grid of a triode, The
voltage to be amplified is applied to the grid to
regulate the current through the diode in much
the same way that the water pressure from the
hose is applied to the valve gate to regulate the
flow through the duct,

Triode

The construction of a triode is represented in
Figure 3-81, The grid is simply a screen of fine
wires, placed close to the cathode, (Like the
plate, the grid is usually tubular and fits over
the cathode between the cathode and the plate,
as shown,)

@_ENVELOPE PLATE

PLATE ‘2
{ r HEATER
CATHODE.
» 2 -VOLTAGE
GRID
CATHODE
o’ |b HEATER

Figure 3-81

If no voltage is applied to the grid, the tube
operates just like the diode already discussed,
If now a small negative voltage, called anegative
bias voltage, is applied to the grid, the force of
repulsion between the negative charges on the
grid and on the cathode opposes the flow of
electrons from the negatively charged cathode
to the positively charged plate, The important
thing to understand is that the voltage between
the grid and cathode affects the flow of electrons
much more than the voltage on the plate does,
because the grid is so much closer to the
cathode than the plate, This is where ampli-
fication comes in, A small change in the grid
voltage will greatly affect the electron flow
from the cathode to the plate,
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The voltage to be amplified is now appliedto the
grid along with the negative DC voltage, If the
input voltage is positive, it tends to cancel out the
opposing effect of the bias voltage, thus increas-

ing the electron flow from the cathode to the plate,

If the positive input voltage is just as large as
the negative bias voltage, the two cancel each
other completely, and the triode operates as a
diode, The positive input voltage is usually not
allowed to get larger than the negative bias
voltage, for if the input voltage more than
cancels the bias voltage, the output of the triode
is no longer proportional to the input,

If a negative input voltage is applied to the
grid along with the negative bias voltage, the
flow from the cathode to the plate is reduced
because of the increased repulsion between the
grid and the cathode, If the total negative grid
voltage (bias + input voltage) reaches a certain
point called the cut-off voltage, the electron
flow from the cathode to the plate will be en-
tirely stopped, This is similar to a completely
closed water pipe in Figure 3-80,

i

TRIODE QUTPUT
VOLTAGE

SMALL AC INPUT
VOLTAGE
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\ =
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GRID VOLTAGE

Figure 3-82

If a small AC voltage is used as the signal
voltage, the output voltage will be amplified
as shown in Figure 3-82, However, if the
AC voltage is so large that the cut-off grid
voltage is reached during the negative half

of the AC cycle, the resulting output voltage
would be clipped voltage, as shown in Figure
3-83, Since it is desirable that the output vol-
tage waveform be an enlarged copy of the in-
put voltage waveform instead of being clipped,
this condition must be avoided by a careful
choice of the triodes operating voitages.

TRIODE QUTPUT
e = VOL TAGE

LARGE AC INPUT BIAS VOL TAGE
VOLTAGE
L

GRID VOLTAGE

Figure 3-83
Tetrodes

A disadvantage of the triode tube that tends to
limit its operating range is the small amount of
capacity that is created between the plate and
the control grid of the tube, This small amount
of capacity (called interelectrode capacitance)is
developed because the plate and the grid of the
triode act like the two plates of a capacitor,
This capacitance, shown in Figure 3-84, is a
very serious disadvantage in the operation of
some circuits,

INTERELECTRODE
CAPACITANCE

THE PLATE AND THE GRID OF THE TUBE ACT LIKE THE
PLATES OF A CAPACITOR, AND A SMALL AMOUNT OF
CAPACITANCE APPEARS BETWEEN THEM.

Figure 3-84
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The tetrode tube decreases this interelectrode
capacitance and makes the tube operate more
efficiently by adding another grid between the
control grid and the plate of the triode, This
new grid that has been addedtothe tube is called
the screen grid, The physical construction of the
tetrode, along with its schematic symbol, is
shown in Figure 3-85,

SAMPLE TETRODE CIRCUIT
PLATE STRAIGHT DOWN VIEW

OF TUBE ELEMENTS.
SCREEN
CONTROL GRID
GRID

CATHODE

150 v

PLATE

SCREEN

GRID

CONTROL —

SRIP +ioov  |B¥

THE TETRODE TUBE ADDS AN ADDITIONAL ELEMENT,
CALLED A SCREEN GRID, TO THE TUBE.

Figure 3-85

A positive voltage, usually smaller than the
voltage on the plate, is applied to the screen

grid of this tube, This screen gridcanbe placed

closer to the control grid than the plate,
The large positive voltage on the screen grid
pulls the electrons from the cathode, and
since the screen grid is made of a fine wire,
the great majority of these electrons flow through
the screen grid to the plate of the tube, This
allows much greater amplification to occur in
the tube. Also, the screen grid shields the plate
of the tube from the control grid, causing the
interelectrode capacitance between these two ele~
ments to be much smaller, This improvement
allows the tetrode to be used much more widely
in circuits where interelectrode capacitance is
such a serious problem,

) FIEATE K IT®

The main disadvantage of the tetrode tube isthe
effect shown in Figure 3-86 called '"secondary
emission," When electrons from the cathode
are accelerated by the screen grid, they hit
the plate at a high rate of speed and tend to
knock other electrons loose from the plate,
Because the screen grid has a high positive
voltage, many of these electrons that are
knocked loose from the plate can be attracted
to the screen grid, The number of these
electrons that go to the screen grid, and
the number that are returned to the plate, de-
pends on the voltage on the plate compared to
the voltage on the screen grid, If there is a
higher voltage on the plate, then most of the
electrons will return to the plate, If there is
a higher voltage on the screen grid, thena great
many of these electrons will go to the screen
grid, The results of this ""secondary emission"
in the tetrode can be serious distortion or lower
amplification than would otherwise be possible,
The effect of secondary emission can be mini-
mized by adding a third grid,

SECONDARY EMISSION

g

o

IN A TETRODE THE ELECTRONS KNOCKED FROM THE PLATE OF
THE TUBE CAN BECOME A SERIOUS PROBLEM.

Figure 3-86
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Pentodes

In the pentode tube the third grid, called the
suppressor grid, is placed between the screen
grid and the plate of the tube and is used to
isolate the screen grid from the plate of the
tube. It is generally connected to ground or to
the cathode of the tube, The electrons that are
knocked loose from the plate are now pre-
vented by the more negative voltage at the
suppressor grid from traveling to the screen
grid, This forces them to return to the plate.
See Figure 3-87,

PLATE

SUPPRESSOR
GRID

—r

CONTROL
GRID

CATHODE

ANOTHER GRID CALLED A SUPPRESSOR GRID, IS ADDED IN THE
PENTODE TUBE.

Figure 3-8T7

Since the suppressor grid is made of fine
wire mesh the electrons traveling from the
cathode to the plate tend to pass right through
it, Because it has a high negative voltage
with respect to the plate, the suppressor repels
the electrons that tend to bounce from the plate,
The screen grid would now be isolated from the
plate, therefore a much higher voltage can be
placed on it, This causes the pentode tobe much
more efficient than either the tetrode or the
triode,

Because the cathode of the tube is very close to
ground potential, the suppressor grid is quite
often connected to it instead of to ground, This is
done mainly for convenience, since the cathode
connection of the tube is often closertothe sup-
pressor grid than a ground connection, In some
pentodes, the suppressor is connected to the
cathode inside the tube,

SUMMARY

The diode consists of a hot cathode, from which
electrons are emitted, and a positive plate,
which attracts electrons, The cathode is heated
by a heater filament, The diode is a one way
circuit element, One diode used for rectifica-
tion results in half-wave rectification, Two
diodes can be connected for full-wave rectifi-
cation,

In a triode, a third element, the grid, acts like
a valve and allows either more or less current
to flow through the tube from the cathode to the
plate, Because a small signal at the grid of the
tube can control a large amount of current flow-
ing through the tube, the grid signal is made
much larger in the plate circuit of the tube, This
is called amplification,

When the tetrode was developed it offered some
advantages over the triode tubes, The tetrode
has an additional grid, called a screen grid, which
helps draw electrons to the plate, This grid
also decreases the interelectrode capacitance
between the control grid and the plate of the tube
by isolating them from each other, The main dis-
advantage of the tetrode is the undesirable effects
caused by secondary emission from the plate
of the tube,

The pentode has a third grid called a sup-
pressor grid, This grid minimizes the sec-
ondary. emission previously mentioned, The
pentode has higher amplification than the triode,
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Oscillators

An oscillator is a device thatisusedto generate
an AC signal, This AC signal may be either an
audio signal or a radio frequency signal, The
RF signal used by the radio stations in their
modulated broadcast signal, is created by an
RF oscillator, Oscillators are also used widely
in all types of radio transmitters, television,
and in many other types of electronic equipment,

AUDIO RADIO FREQUENCY
OSCILL,
FREQUENCY OSCILLATOR AT

10 CYCLES—100,000" (100KC) BOKC=-S0MC

Figure 3-88

Figure 3-88 shows two test oscillators used to
design and repair radio receivers, and other
types of electronic equipment, The audio oscil~
lator creates a signal that can be usedin testing
audio circuits, The RF oscillator creates sig-
nals that can be used to test RF circuits, The
meter shows how large the signal is for each
oscillator, The knobs for these oscillators are
used to adjust the oscillator for a larger or
smaller signal; they are also used to adjust
the frequency of the signal.

This chapter will show you how the oscillator
circuit creates a signal,

Oscillation

By definition, to oscillate means to swing back
and forth, A common example of this wouldbe a
child on a swing as shown in Figure 3-89, The
graph in the center of Figure 3-89 shows how
many seconds it takes the swing tomove in each
part of the cycle, and how far it moves in feet,

Four seconds of time are shown horizontally on
the clocks, Ten feet, five feet each side of
center, are shown vertically on the graph,
The swing starts at/the center position, position
Y, at O feet, At the end of one second, it has
moved back five feet to position X. At the end
of two seconds, it moves through the Y position
(or 0). At the end of three seconds, the swing
moves to position Z, 5 feet on the other side of
0 position, At the end of four seconds, the swing
returns again to position Y, or O feet where the
cycle begins all over again,

Notice, that when the motion of the swing is
drawn in this manner, it takes the form of a sine
wave, This is a mechanical oscillator, In an
electrical oscillator circuit, the current must
be made to oscillate back and forth inthis same
manner; the current must flow first in one di-
rection and then in the other direction.

MOTION OF THE BOY IN THE SWING PUT IN FORM OF A GRAPH
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If you wanted to keep him swinging back and
forth without gradually lessening the 10 foot
distance you would have to give the boy a small
push during each cycle, The same thing would
be true in an electrical circuit, a little extra
current (or push) would -have to be added to
the circuit from the power supply during each
cycle, to sustain the oscillation at the same level
(or voltage).

To generate an AC waveform, then, something
is needed that will cause the current to reverse
itself at a regular rate; first it must go one way
and then it must go the other way, just like the
motion of the swing, The circuits that generate
these AC waveforms are "oscillator! circuits,
AC waveforms may also be generated by using
a large motor-generator, such as the one at the
electric power station, when large amounts of
power are desired, An example of a signal of
this type is the AC current received in homes
and factories from the power stations,

What Circuits Need to Oscillate

When some of the output signal of an ampli-
fier is connected back to its own input, in such
a way that it adds more voltage to its own input
signal, the amplifier begins to ""oscillate,'" Asthe
output signal adds to the input signal, the cur-
rents in the amplifier increase and the circuit
keeps amplifying, The circuit will continue to
oscillate until the connection that sends the signal
from the output to the input is removed, A com-
mon example of this type of oscillation is shown
in Figure 3-90, When the gain of a public address
amplifier is turned up too high, the signal from
the speakers (output) is carried back to the
microphone (input) through the air, and an
oscillation in the form of a loud squeal is heard,

The term "feedback" is given to that part of the
output signal that is connected back to the input
of an amplifier, This name can easily be re-
membered by thinking of its meaning, that
some of the output is fed back to the input of
an amplifier,
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Figure 3-90
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An oscillator circuit must be connected so that
the feedback will ADD to its own signal at the
input, How this feedback could either add or
subtract from its own signal at the input is
shown in Figure 3-91 and Figure 3-92,

One of the inherent properties of most amplifiers
is that signals or sine waves are invertedevery
time they pass through each stage of an am-
plifier, This is shown in Figure 3-91, Note
that the output signal is turnedover, or inverted,
from the way it was at the input, The first half-
cycle was increasing at the input, and at the out-
put of the amplifier it is shown decreasing, The
second half-cycle is shown decreasing at the
input and it is increasing at the output of the
amplifier, If some of this output signal were
connected back to the input by a capacitor, as

POSITIVE

1ST HALF | 2ND HALF
CYCLE

CYCLE

Figure 3-91

shown, the two signals would be going in oppo-
site directions, The output signal would try to
cancel out, or decrease, some of the input sig-
nal, This is called negative feedback.

The amplifier of Figure 3-92 contains two ampli-
fier stages, Q1 and Q2. In this case, the signal
from the input of the amplifier has been in-
verted in transistor Q1 just as it was in the
previous circuit, The inverted signal from
transistor Q1 is inverted once again in tran-
sistor Q2, Now, when the signal at the input of
the amplifier increases, the signal at the output
of the amplifier also increases the same way
at the same time, When the signal at the input
of the amplifier goes in the negative direction,
the signal at the output of the amplifier also
goes in a negative direction, This is called
positive feedback,

FEEDBACK
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Now, when the output of the two stage amplifier = Az RF Oscillator FE I

is fed back to the input, it adds to the input
signal instead of subtracting from it, This
causes an oscillation to occur, and once this
oscillation has been started, no imput signal
is needed, The circuit oscillates back and forth
just like the swing did and only a little additional
push from the power supply is needed to keep
the oscillator going,

In actual circuits, just turning on the switch
starts current increasing through the oscillator
circuit, and this action, by itself, starts the
oscillator,

An Audio Oscillator Circuit

Figure 3-93 shows the circuit diagram of the
audio frequency oscillator supplied with this kit,
The shaded areas pcint out where changes were
made in the two-transistor amplifier of Experi-
ment 3-12 in Chapter 6, Capacitor C4 prevents
DC from passing through the feedback circuit,
C4 also acts as the feedback path, The poten-
tiometer adjusts the amount of feedback desired,
Capacitor C3 acts as a filter to prevent un-
wanted frequencies from distorting the audio
frequency of the oscillator,

AMPLIFIER

N

RF oscillators have the same requirements as
audio oscillators; an amplifier, feedback, and a
frequency determining circuit, In the RF oscil-
lator circuit of Figure 3-94, these requirements
are shown intheir three separate (shaded) areas,
The amplifier area includes transistor Q3 and
bias resistor R8, The frequency determining
circuit of the oscillator consists of capacitor
C5 and the coil, The electrical size of the coil
can be adjusted. Capacitor C6 at the lower
part of the schematic provides a path to apply
feedback to the input of amplifier transistor Q3,

THE AMPLIFIER: The oscillator in Figure 3-94,
like most RF oscillators, uses a one-transistor
amplifier instead of a two-transistor amplifier,
The input signal at the Base of the amplifier is
inverted only one time in the amplifier, instead
of twice as in the previous (audio) circuits, The
signal is inverted the second time in the tuned
circuit because of the way the feedback capacitor
is connected to it,

Lo

ik

+| 3 VOLTS

TUNED CIRCUIT
(FREQUENCY DETERMINING
CIRCUIT

Figure 3-94
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The output signal from the Collector of the
amplifier is applied to the tuned circuit instead
of to a resistor as it has been in the other
circuits you have studied,

FEEDBACK: To provide feedback, some of the
output signal from the tuned circuit is connected
back through capacitor C6 to the input of the
amplifier, Since this feedback signal has been
inverted twice (once in the transistor and once
in the tuned circuit), it adds to the signal at the
input of the amplifier and the circuit begins to
oscillate,

Actually, since no external input signal is con-
nected to the oscillator, the oscillation starts
by itself when the switch is turned on, Turning
the switch causes the current in the circuit to
start to flow., When the current starts toflow, it
appears just like the first part of a signal to the
circuit, causing anoscillation to start, From this
point on, no external input signal is needed,

THE TUNED CIRCUIT: Itisaproperty of a tuned
circuit to contain electrical energy, In it, acur-
rent circulates back and forth, first one way
and then the other way between the coil and ca-
pacitor, The current circulating back and forth
in the tuned circuit is like the swing of the
previous lesson, The swing contains mechanical
energy as it moves back and forth, and the
current in a tuned circuit contains electrical
energy as it moves back and forth,

The current will circulate back and forth in the
tuned circuit at only one frequency, and this
frequency depends on the electrical size of the
coil and capacitor, This frequency is called the
"'resonant frequency,"

If the swing of the previous paragraphs did not
get pushed during each cycle, it would gradually
swing less and less, until it stopped. To keep
it swinging back and forth for the same dis-
tance, it would need a small amount of push
at one part of each cycle. The circulating
currents in the tuned circuit act in the same
manner; they also must have a small amount of
push at one part of eachcycle tokeep them from
gradually becoming smaller and smaller, It is
the purpose of the amplifier part of the circuit
along with the feedback circuit to supply this
"push" to the tuned circuit,

When the. electrical size of the coil or ca-
pacitor is changed, it causes the current to
circulate back and forth either faster or slower,
This changes the frequency of the RF oscillation
in the tuned circuit, therefore it changes the
operating frequency for the whole oscillator
circuit,

Modulating the RF Oscillator

Figure 3-95 shows the AF oscillator and the
RF oscillator combined into one circuit, The
output of the RF oscillator is connected to the

POTENTIOMETER
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Figure 3-95
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- oscilloscope input, The shaded areas indicate
the additional circuit elements necessary to
connect the two oscillators together, The 100
KQ potentiometer is used for adjusting the
amount of AF imposed on the RF. The .01 ufd
capacitor provides an AC path to ground but
not a DC path to ground,

- In Figure 3-95, both the feedback circuit of the
RF oscillator and the output of the AF oscillator
are connected to the Base, which controls the
output of the RF amplifier,

Both oscillators supply an AC voltage, but of
different frequencies, This means thatthere are
— times when they are both of the same sign, and
other times when they are of opposite sign,

Figure 3-96 shows "hills and valleys" in the RF
waveform, The more pronounced the valleys
become, the greater is the percentage of audio
frequency that is impressed on the radio fre-
= quency waveform, The impressing of the two
different frequencies is called amplitude mod-

ulation, When the oscilloscope is set to view

= audio frequencies (about 1000 cycles per second)
and one-~half as much audio is impressed on the

RF, almost 100% modulation results, as shown in

Figure 3-96, When less than one-half is im-

- pressed on the RF Figure 3-97 shows less than
100% modulation, If more audio frequency is

Figure 3-96

Figure 3-97

impressed on the RF over 100% modulation is
shown in Figure 3-98, and distortion is seen
on the oscilloscope and heard through the
speaker or earphone,

Figure 3-98
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EXPERIMENTS

Experiment 3-13

In this experiment you will connect the RF and
AF oscillators together to examine "modulated

REL

Refer to Figures 3-99 and 3-100 for the follow-
ing steps.

( ) Disconnect the 6" wire from lug 1 of

(

~

EAR
PHONE W
\

N N

terminal strip E and connect it to lug 3 of
terminal strip A.
Connect a 3-1/4" wire from lug 2 of 4 of
terminal strip C,

Connect the .05 ufd capacitor from lug 3 of
terminal strip B tolug 3 of terminal strip A.

~

) Connect a 6" wire from lug 2 of terminal
strip A to lug 2 of terminal strip E.
Connect the 3-1/4" wire from lug 3 of
terminal strip C tolug1 of terminal strip E.

~

) Connect a .01 pfd capacitor from lug 2 of

terminal strip E tolug1 of terminal strip D.

) Turn on the oscilloscope and test chassis,
Adjust the oscilloscope to view AF.

) Turn the 20 KQ control on the test chassis

to the minimum position, Adjust the 100
KQ control until a RF waveform appears,
Adjust the horizontal amplitude controls
of the oscilloscope to fill 3/4 of the screen,

~

Using the plastic alignment tool, turn the
slug inside the coil slowly until you obtain
the largest possible RF waveform, Do not
adjust the 20 KQ control during this adjust-
ment,

()

—
~

Turn the 100 KQ control until the waveform
is one-half its maximum amplitude,

Slowly turn the 20 KQ control until a
waveform such as in Figure 3-96 appears.
Slowly turn the 20 KQ control toward the
maximum position and note the changing
waveforms, You should observe all these
waveforms, as in Figures 3-96, 3-97, and
3-98, The frequency vernier may have to
be adjusted slightly as you do this pro-
cedure,

Leave these adjustments set for the next
experiment,

Experiment 3-14

In this experiment you will use the microphone
(earphone) to modulate the RF signal, The
earphone will act as the AF source andthe audio
oscillator will be converted to a two-transistor
amplifier to obtain the necessary AF voltage to
modulate the RF voltage,

£

()

()

Remove the .05 pfd capacitor from lug 3 of
terminal strip A and lug 3 of terminal
strip B.

Connect one lead of the earphone to lug 3
of terminal strip B and the other to lug 1
of terminal strip D. The circuit diagram is
shown in Figure 3-99,

Whistle different notes at various intensi-
ties into the microphone and note the effect
on the RF waveform, The 20 K2 control can
be turned until the desired level of AF is
imposed on the RF signal, Other sources of
sound should also be tried,

Turn off the oscilloscope and the testchas-
sis,

-O TO
OSCILLOSCOPE

il

Q3

. —O_TO
| OSCILLOSCOPE

Figure 3-99
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SUMMARY

An oscillator is the device that is used to
generate an AC signal, This AC signal may be
either at an audio rate or an RF rate,

To oscillate, some of the signal from an ampli-
fier must be connected back to the input, This
signal that is connected back is called 'feed-
back,” and it must be connected in such a way
as to add more signal to the input signal, This
causes the current in the amplifier to increase
as far as it willgo in one direction, The swinging
back and forth of the current, first in one
direction and then in the other direction, at a
regular rate, is called oscillation,

The audio oscillator uses two transistor stages
so the feedback signal will be in step with the
input signal., When a signal passes through one
transistor it is inverted and if then fedback
it would oppose the input signal, Two inversions
from two transistors prevent this, The value of
the resistors and capacitors used in the cir-
cuit determines the frequency of an AF oscil-
lator,

The RF oscillator also contains an amplifier and
a feedback circuit, This differs from the AF oscil-

lator in that its frequency is determined by a
tuned circuit, The tuned circuit eliminates the
need for the second transistor, as it will invert
the signal for the second time before it is fed
back to the input of the amplifier,

In a tuned circuit, current circulates back and
forth between the coil and capacitor, The sizes
of the coil and capacitor determine the frequency
of the oscillation, The amplifier supplies a small
amount of push to keep the current circulating,

The modulator circuit allows the audio signalto
control the amount of RF signal that will flow
in the RF oscillator, The AF voltage is supplied
to the Base of the RF amplifier transistor which
controls the output of the RF oscillator,

When one-half AF is impressed on RF, the RF
signal is 100% amplitude modulated, If there is
less than one-half AF than RF, the signal is
less than 100% modulated, If there is more than
one-half audio on the RF, the signal is over
100% modulated,

This completes Part III. Leave components and
controls on the test chassis in their present
positions, They will be referred to in experi-
ments for Part IV in these positions,
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PART IV
Oscilloscope Theory

Figure 4-1

The oscilloscope has a wide range of abilities,
It displays visually the quality as well as the
quantity of voltage, Details such as amplitude,

phase shift, frequency, waveform distortion, and
pulse duration may be displayed on the screen
of an oscilloscope,
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Figure 4-2

You can use the oscilloscope like a simple
voltmeter to measure voltage quantities, But
unlike the voltmeter, the oscilloscope can dis-
play additional useful information, Figure 4-2
compares these two instruments in measuring
115 volt, 60 cycle household AC. Other sine
waves could be measured similarly, The volt-
meter indicates a steady voltage value; the
oscilloscope indicates the same voltage value as
well as the waveform of the voltage, An oscillo-
scope is able to do this because its electron
beam (in the CRT) is able to 'follow' the volt-
age changes, The pointer of the voltmeter can-
not move as rapidly and, therefore, indicates
only the steady effective value of the voltage,

Most vibrations or oscillations that occur in our
physical world, electrical or mechanical, canbe
be studied with the oscilloscope, If they can be

converted to a changing voltage, the oscillo~
scope can displaytheir waveforms, Transducers
are used to convert mechanical oscillations into
electrical oscillations, The cartridge in your
phonograph and the photocell in your lightmeter
are examples of common transducers; they con-
vert physical energy, such as light or movement,
into electrical energy,

Several types of oscilloscopes are designed for
various applications, For example, there are
DC oscilloscopes for voltage level comparisons,
dual-trace oscilloscopes, limited-frequency
oscilloscopes, and general purpose oscillo-
scopes,

Most oscilloscopes are basically similar, and
the general purpose oscilloscope can be con-
sidered typical, Part IV will examine a general
purpose oscilloscope, The circuits described
in Part IV may differ in some details from those
of your oscilloscope, but the results are simi-
lar,
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Part IV shows you how this instrument converts
a changing electrical voltage into a visual pic-
ture, The material is arranged in five chapters;
the cathode-ray tube, power supplies, sweep cir-
cuits, amplifiers, and synchronization circuits,

Figure 4-3 shows in block diagram form a gen-
eral purpose oscilloscope, Referring to such a
block diagram will help you to understand the
descriptions of the various oscilloscope cir-
cuits,
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Part IV

CHAPTER 1
The Cathode Ray Tube

Figure 4-4

The CRT or Cathode Ray Tube is a special
vacuum tube, The CRT consists of an electron
gun, two sets of deflection plates, and a fluo-
rescent screen, The fluorescent screen converts
an impinging stream of electrons into visible
light,

Other sections of the oscilloscope, the ampli-
fiers, power supply, sweep circuit, and syn-
chronization (sync) circuit are the aids neces-
sary for the CRT toconverttoa complex variety
of electrical signals into visible waveforms,

BASE NECK

The CRT

Figure 4-5 shows the physical construction of the
CRT. Externally the tube can be divided into
four parts: the base, neck, bulb and the face,
Internally the tube can be divided into four dif-
ferent parts: the electron gun, deflection plates,
aquadag coating, and the fluorescent screen on
the inside of the face, The electron gun supplies
electrons and shapes them into a beam, The de-
flection plates impress signals on the eleciron
beam, The aquadag is a special conductive
coating that may be used for accelerating the
electron beam, The bombarding electron beam
causes the fluorescent screen of the CRT to
glow,

BULB

F
TUBE

FLUORESCENT

SCREEN
v (ON THE INSIDE
THE ELECTRON DEFLECTION FACE OF THE
GUN PLATES TUBE)
AQUADAG
COATING

Figure 4-5
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Figure 4-6

The Electron Gun

The electron gun is the most complex part of
the CRT. It is divided into four assemblies
joined by insulating supports, The deflection
plates are also mounted on the insulating sup-
ports, The entire assembly is placed intheneck
of the glass envelope,

Refer to Figure 4-7 for the following description,

The first section, beginning from the base of the
tube, contains the heater and two electrodes;
the cathode, and the control grid, The next as-
sembly is the preaccelerating electrode; open
at one end and closed but for a small hole at the

HEATER

( CONTROL GRID
]

\
\\ \
CATHODE

PREACCELERATING\
ANODE

ACCELERATING
ANODE

R

VERTICAL PLATES

Figure 4-7

other end, The third assembly is a small disc with
a large hole, This electrode is the focusing anode,
The last assembly, an electrode with a small
hole, is the accelerating anode,

The accelerating anode is connected to the
aquadag, a conductive coating on the inside of
the tube., The particular gun used in these
illustrations also contains an electrode between
the deflection plates, as shown in Figure 4-7,
This electrode is an electrostatic shield,

The two sets of deflection plates are also at-
tached to the end of the gun structure, The de-
flection plates will be discussed in another
section of this chapter,

Action of the gun is based on the principle
of like electric charges repelling and unlike
electric charges attracting, The heater causes
the cathode to emit electrons in the general
direction of the screen, The anodes, placed
between the cathode and screen, are made very
positive with respect to the cathode, The large
positive charge of the anodes accelerate the
electrons to high velocities, The small holes
allow a needle-like beam of electrons to pass
through the anodes toward the screen,
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The focusing anode is made less positive with
respect to the two adjacent anodes, The regions
between the electrodes act on the electronbeam
in the same manner as a glass lens acts on a
light beam, Figure 4-8 shows how light might
pass through two glass lenses, as found in slide
projectors,

Figure 4-9 shows the path of the electron beam
through the electron gun, Changing the voltage on
the focusing anode has the same effect as ad-
justing the focusing control of the slide projector.

The electron gun consists primarily of the elec~
trodes just described, Two additional elements
aid in accelerating the electron beam toward
the phosphor screen, The first is the electrode
between the two sets of deflection plates (see
Figure 4-7T); the second is the black con-

Figure 4-8

CATHODE
CONTROL
GRID ANODE

Figure 4-9
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/__ PREACCELERATION FOCUSING ANODE
ANODE

SCREEN

L)

ductive coating inside the tube, the aquadag
(see Figure 4-5). These elements are at the
same positive potential as the preacceleration
anode and the first acceleration anode,

Another method usedtoaccelerate the electrons
involves the use of a post-deflection acceler-
ating anode. This anode, since it is placed after
the deflection plates, increases the velocity
of the electrons without making it more diffi-
cult to deflect them, The higher velocity electron
collisions on the screen result in a more
brilliant trace, This brilliant trace is needed to
observe very high speed phenomena, where the
spot moves so fast it has only enough time to
cause the screen to fluoresce dimly. This
situation occurs quite frequently in observing
transient (non-repetitive) waveforms, where the
waveforms do not recur at a regular rate,

FLUORESCENT #,

SCREEN
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Figure 4-11

Beam Deflection

The electron beam formed by the electron gun
will move in a straight line and form a small
dot on the screen, The vertical and horizontal
deflection system causes this beam to be moved
up or down, left or right,

Attached to the end of the electron gun structure
are the deflection plates, as seen in Figure4-T,
The plates are mounted in pairs at right angles
to each other and parallel to the beam, If one
plate is made positive and the other negative,
the electron beam will be bent away from the
negative plate toward the positive plate,

Figure 4-10

The bending action of the electron beam can be
compared to a stream of water in a strong
wind, Figure 4-10 shows a stream of water
from a garden hose. The nozzle acts as the
electron gun, forming the stream of water,
Adjusting the nozzle has much the same effect
as the focusing anode does onthe electronbeam,
The wind blowing from the side will cause
the stream to be deflected, The stronger the
wind, the greater the deflection,

Figure 4-11 shows three effects of different
voltages applied to one set of plates, In Part 1
plate A is positive with respect to plate B.
In Part 2, plate A is the same as plate B, and
in Part 3, plate A is negative with respect to
plate B.

If the plates are the horizontal plates of the CRT
and plate A is gradually changed from positive
to negative, a horizontal line will be traced on
the screen, If a special type of AC voltage is
applied to the horizontal plates, this horizontal
line can be repeatedly traced out, Such an
AC voltage is called a sawtooth waveform,
Figure 4-12 shows a type of sawtooth waveform,
The section from A to B will move the spot
from left to right across the screen, The sec-
tion from B to C will move the spot back, from
right to left,

i+ VOLTAGE +
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Figure 4-12
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Part IV

A more practical sawtooth waveform would be
like the one displayed in Figure 4-13, Graphic
information generally flows from left to right,

+

TIME

VOLTAGE
o

Figure 4-13

e

It is therefore desirable to display waveforms
only when the beam swings from left to right,
and not when its swings from right to left,
Therefore, the flyback or retrace time, from
right to left, is made as short as possible,

Figure 4-14 shows one segment of the saw-
tooth waveform applied to the horizontal plates
of a CRT. When the voltage is maximum in the
positive direction, the spot is over to the left
side of the CRT. As the voltage decreases the
spot moves toward the right, The dotted line
connects corresponding points on the sawtooth
and the line traced out on the CRT. Tho spot
moves across the screen at an even rate,
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Figure 4-14
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Figure 4-15 shows a sine wave applied to the curve and on the screen of the CRT. A vertical
vertical plates; that is, the plates that causethe line is traced out, but it does not move up
— beam to move up and down, Again the dotted and down at an even rate,

line connects corresponding points on the sine
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Each waveform, vertical and horizontal, when ap-
plied separately, resulted in a straight line, If,
however, they are both applied simultaneously,
a waveform is traced out on the screen, Figure
4-16 shows both waveforms applied. Again,
dotted lines connect corresponding points of the
applied waveforms to the waveform displayed
on the screen,

In our example, the frequency of the sine wave
and the sawtooth are the same and only one
cycle of the sine wave appears, If the frequency

of the sine wave is twice that of the sawtooth,
two cycles of thé sine wave will be traced out,
If the sawtooth is twice the frequency of the sine
wave, only one-half the sine wave cycle will
appear,

Deflection of the beam, as discussed in these
paragraphs, is electrostatic deflection, Magnetic
deflection of electrons is also possible, This
method is used in television receivers, The
limited frequency response of magnetic de-
flection, however prevent its use in popular
oscilloscopes,
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The Fluorescent Screen

The change of electrical energy into light is
accomplished by the collision of electrons
with certain materials inthe fluorescent screen,
The phosphor material used to coat the inside
of the screen has two properties, The first is
luminescence, the property of converting the
impact of the electrons into light energy at
relatively low temperatures, The second is
phosphorescense, the property of continued
glow after the impact is over, The persistence
of glow varies with the material used, These
phosphor coatings vary with the application
intended for the CRT.

The tube number of the CRT identifies the type
of phosphor used, For the type 5UP1: the "'5"
designates the diameter of the tube. The P1
identifies that a medium short persistence green
phosphor was used, Television tubes have a
medium white persistence and are’identified
by P4, Radar CRTs use a long persistence
phosphor, P7, so that the trace can be seen
for some time because of phosphorescence.

The Typical CRT

Figure 4-17 shows the 5UP1 as it is used in a
typical oscilloscope, A few details have been left
out for simplification, Other CRTs will vary in
some details, but the basic principles are the
same, This tube will serve as an example of
other tubes,

Figure 4-18 shows the location of the pins as

shown on the base of the tube, This method of
numbering pins is common to all tubes,

Figure 4-18

» Figure 4-17 shows how these pins are connected

internally to the various electrodes of the CRT.
This is done by identifying the electrode con-
nection with a pin number around the tube outline,
Pins 1 and 12 are connected to the filament,
Pin 3 is connected to the cathode, Pins 6 and 7
are connectedto the vertical plates, Pins 9and 10
are connected to the horizontal plates, Pin 8
is connected to the accelerating anodes,
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Figure 4-17

The accelerating voltage supplied is a negative
1250 volts, The negative high voltage is some-
what unusual in electronic test equipment, The
high voltage causes the electrons to acquire
enough speed to enable the screen to become
fluorescent. It is made negative to avoid special
design problems such as large coupling capac-
itors between some of the electrodes and other
parts of the circuit.

The shaded area of Figure 4-17 shows avoltage
dividing circuit, The electrodes of the 5UP1
obtain their operating voltages from this network,

Figure 4-17 also shows the approximate voltage
at each electrode, The total voltage difference
separating the cathode and the accelerating anode
is about 1425 volts (250 + 1175). The control
grid has a voltage that is about 75 volts more
negative than the cathode,
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The negative voltage on the control grid of the
CRT, like other vacuum tubes, will greatly
affect the amount of electrons allowed to leave
the cathode, Adjusting R78 will change the
voltage difference between the two electrodes,
A small voltage difference results in a bright
spot, A large voltage difference will cause adim
spot. R78, which is located on the front panel,
is called the intensity control.

The voltage between the cathode and the control
grid can also be controlled in another way, If a
suitable AC signal is fed into the control grid,
the intensity of the spot is variedintime with the
signal,

In Figure 4-17, an input to the control grid is
labeled Z-axis, The Z-axis input is generally
located at the rear of the oscilloscope. Figure
4-19 shows the location behind a small re-
movable panel, Many oscilloscopes have this
input located in the same general area,
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Figure 4-19
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A signal could be fed directly to the deflection
plates and, in some oscilloscopes, provisions
are made for this purpose, About 80 volts of
signal are needed to deflect the beam 1'" on
the screen, The small output of the test chassis
AF oscillator would not deflect the beam by a
noticeable amount, The plates are generally
driven by voltage amplifiers inthe oscilloscope.
These amplifiers are discussed in Chapter 4,

Although the type 5UP1 CRT was discussed
mainly in this chapter, it is typical of the CR
tubes used in most general purpose oscillo-
scopes. An understanding of the 5UP1, should
enable you to also understand other types of
CR tubes.

EXPERIMENT 4-1

The general purpose CRT uses electrostatic
deflection, Magnetic deflection is also pos-
sible; the television CRT uses this type of
deflection, The purpose of this experiment is
to illustrate that a small magnetic field can
affect the path of the electron beam, You can
see after doing this experiment why magnetic
shielding is often used in oscilloscopes, Stray
magnetic fields, often distort the true picture
of the waveform, External fields can often be
less annoying if the scope is moved or turned
a little,

( ) Remove thetestleads from the oscilloscope,

() Turn the scope on and adjust it for a hori-
zontal line across the center of the screen,
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Figure 4-20

( ) A small magnet is supplied with your kit,
Place it against the screen and in front of
the line as shown in Figure 4-20, Note
how the line bends (distorts) in back of the
magnet,

() Turn the magnet over and note that the
line now bends in the other direction, Move
the magnet back and forth and note that the
bent part of the trace stays behind (in the
magnetic field of) the magnet,

SUMMARY

The CRT is a rather large special purpose
vacuum tube, Internally it consists of an electron
gun, two sets of deflection plates, and a fluor-
escent screen, These sections of the CRT function
together to produce visible waveforms,

The electron gun, located in the neck of the tube
generates and shapes an electron beam, The
deflection plates impart the signal character-

Figure 4-21

istics to the beam, Finally, the phosphor of the
fluorescent screen converts the deflected beam
pattern into a light pattern that corresponds to
the signal,

The pattern takes on the signal characteris-
tics when the signal voltage is applied to the
vertical deflection plates of the CRT. These
plates are at right angles to the linear sweep
voltage applied to the horizontal deflection
plates, A sawtooth waveform that is linear in
time is used to produce this sweep voltage,

High voltages are needed to accelerate the
electrons sufficiently to produce fluorescence,
Generally these high voltages are negative to
minimize design problems,

The 5UP1 CRT used as an example is a 5",
medium persistence tube, Other tubes are also
available, varying in details as determined by
their intended application,
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The function of the power supply is to supply
operating voltages for the CRT and for the
other sections of the oscilloscope, It must supply
a wide range of voltages and at the same time
be free from undesirable voltage variations
or surges, The power supply may also furnish
signals for synchronization, retrace blanking,
and calibration,

An oscilloscope power supply generally has two
sections; a low voltage section and a high
voltage section, Each section has four parts:
power transformer, rectifier, filter, and a
voltage dividing network, Very often one trans-
former serves both sections,

Each part of the power supply is discussed
separately, At the end of the chapter, the power
supply used in actual general purpose oscillo-
scopes will be analyzed,

The Power Tra nsformer

The power transformer has special featuresnot
generally found in the transformers used for
other test equipment, Better insulation and more
windings are required for the high voltage
section, Three or more separate filament wind-
ings are needed,

The separate filament winding for the CRT is
connected on one side to high voltage. This re-
quires extra insulation on these transformer
leads, The filament winding for the high voltage
rectifier is part of the high voltage winding and
also needs heavier insulation,

Figure 4-22 shows a typical oscilloscope power
transformer, The separate filament leads for
the CRT and the high voltage rectifier are in-
dicated, The high voltage winding and low voltage
winding are on the same coil. The low voltage
winding is center tapped; the high voltage wind-
ing is not center tapped. Center tapped windings
are required with full-wave rectifiers. The un-
tapped high voltage winding is used with a half-
wave rectifier,
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The primary circuit includes the protective
fuse and the instrument on-off switch. The
switch is usually ganged with one of the other
front panel controls, In our example of a
general purpose oscilloscope, it is combined
with the intensity control, The fuse is gener-
ally a "slow-blow" fuse, This type of fuse will
withstand a harmless short-duration surge of
current, Longer surges of damaging current
will melt the soft metal of the fuse, Figure 4-23
shows the construction of the fuse, The spring
will absorb a small amount of heat to keep
the short surge from melting the protective
filament,

FINE FILAMENT

SPRING TO ABSORB HEAT
Figure 4-23

In Figure 4-22 you will notice some dotted
lines in the schematic drawing of the power
transformer, These indicate electrostatic shield-
ing to prevent unwanted coupling in the trans-
former, For example, random voltages entering

the primary from the line could affect the heater
of the CRT. These unwanted voltages could
cause false indications in the waveform being
viewed,

High Voltage Power Supply

High voltage power supplies generally use half-
wave rectifiers, Most rectifiers used for this
purpose in oscilloscopes are tube type,

Figure 4-24 shows the basic outline of the cir-
cuit commonly used, If the electron current flow
is traced, electrons are emitted from the fila-
ment-cathode towardthe plate, The electron cur-
rent passes through the filter network, through
the voltage dividing network, through the second-
ary windings of the power transformer, and back
to the filament-cathode, The electron current
flows from point A to point B. This makes A
negative with respect to B. If point B is made
ground (the zero reference point) then A is
negative,

The high voltage is derived from the large
number of turns on the transformer secondary
winding, The tube selected for the diode must
be able to function properly at high voltage,
The current flowing in this section of the power
supply is low. The diode does not have to
conduct a large current,
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Figure 4-24
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Low Voltage Power Supply

Low voltage power supplies generally use full-
wave rectifiers, These are either tube type or
silicon diode circuits, Figure 4-25 shows the
basic outline of a circuit commonly used,

The electron current flow can be traced out in
the same manner as for the half-wave rectifier,
One diode section conducts for one-half cycle
of the AC input, the other diode conducts the
other half cycle, In this power supply, the plate
side of the diodes is connected to the common
.ground, Electron current flows from B to A,
therefore, if B is made zero, then A is posi-
tive, Ripple in the DC voltage cannot be toler-
ated in the early stages of amplification be-
cause the signal to be amplified is so small,
The full-wave rectification waveform is easier
to convert to smooth, ripple-free DC.

Filter Networks

Figure 4-24 and Figure 4-25 show the rectified
waveforms before and after passing through the
filter sections, The filter network clips the peaks
of the voltage surges and fills in the valleys,

L

FULL WAVE LV RECTIFIER

Figure 4-26 shows a typical RC circuit com-
monly used for filtering,

The action of such a RC circuit was discussed
in Chapter 4 of Part III. The values of C1, C2,
and R1 vary from power supply topower supply,
governed by the voltages used and the current
requirements,

INPUT 2 AAA - B+ OUTPUT
@l b
- ___]: 6
Figure 4-26

Additional RC circuits are provided for each
separate application of voltage if the circuit is
critical, This minimizes the signal leakage from
one circuit to another circuit through common
power supply connections,

The Voltage Divider

The voltage dividing circuit does exactly what
its name indicates, Its purpose is to divide the
voltages in accordance with the needs of the
circuits connected to it, In addition to dividing
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Figure 4-27

the voltages, the high voltage divider also acts
as a bleeder which drains off accumulated charge
on the filter capacitors after the circuit has
been turned off, The low voltage supply serves
circuits that use more current, Whenthe circuit
is shut off the tubes are still hot and continue
to conduct for a short time dissipating the charge
on the capacitors, For this reason, bleeder
resistors are not always used in low voltage
power supplies,

Figure 4-27 shows the types of circuits in-
volved in voltage dividing networks, Parts 1
and 2 show typical circuits that appear in a low
voltage dividing network, In Part 1, R1 and R2
act as bleeders as well as dividing the voltage,
In Part 2 the resistors are in series with the re-
maining portion of the circuit, The voltage is
changed, but the filter capacitors will not be
able to discharge through R1 or R2 to ground,

Voltage Regulators

Filtering networks will even out the pulses caused
by rectification, but cannot stabilize the voltage
under all conditions, Changes in the line voltage
or current drawn in various circuits will
affect the voltage output of the power supply,
However, in order for the oscilloscope to func-
tion consistently, fairly constant voltages are
required,

Figure 4-28 shows an elementary voltage regu-
lator, The voltage regulator works as avariable
resistor, When the load current decreases,
voltage rises, This causes the voltage regu-
lator tube to increase in resistance, The in-
creased voltage, therefore, will appear across
the voltage regulator tube instead of the load,

VOLTAGE REGULATOR
TUBE

4——% <5}
TO RECTIFIER LOAD 6/)

Figure 4-28
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When the external load current increases, the
variable resistance decreases, thus maintain-
ing a constant voltage., However, this type of
regulator has operating limits,

The most common voltage regulator is the glow
discharge tube, The voltage drop across the tube
remains relatively constant over a wide range of
currents through it, Voltage regulators of a more
complex nature can also be used, but basically
they use the same principle,
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The Complete Power Supply

Figure 4-29 shows an example of an actual
power supply as used in a Heathkit general
purpose oscilloscope, Most power supplies for
oscilloscopes will have a circuit which pro-
duces the required voltages in much the same
manner,

V9 is the high voltage half-wave rectifier, The
filter network for the high voltage consists of
capacitors C36 and C37 connected by resistor
R71, The voltage dividing network (R78, R79,
R80, R181, and R182) was discussed in Chapter
s

The low voltage power supply has a full-wave
rectifier, V8, Since it must supply many dif-
ferent voltage values and many different cir-
cuits, it has many more elements, For example,
in the "AA" voltage output circuit, capacitors
C38 and C40 with resistor R68 act as a filter
network, You will also notice that each indi-
vidual output of the low voltage power supply
has one capacitor in the circuit to ground, This

capacitor, in addition to filtering, acts as a de-
coupling capacitor, Decoupling reduces the a-
mount of AC signal leaking from one circuit
to another through the power supply,

Tube V10 is a special type of voltage regu-
lator, Its only function is to prevent very sudden
voltage surges in the circuit, A gradual voltage
change is not acted upon,

EXPERIMENT 4-2

The experiment for this chapter uses a special
type of circuit found in oscilloscopes, called the
multivibrator, The purpose of building a multi-
vibrator at this time is to prepare for the
principles of sweep circuitry in Chapter 3, The
multivibrator built in this experiment will be
used to explain the principle of the multivi-
brator,

Before assembly begins, two things should be
done, First, all quick-connect circuit com-
ponents should be removed from the test chassis.
Second, fresh batteries should be installed,
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Refer to Figure 4-30 for the following assembly.

() Connect a 100 KQ (brown-black-yellow)
resistor from lug 1 of terminal strip F
to lug 2 of terminal strip D. Connect a
second 100 K@ resistor from lug 1 of
terminal strip F to lug 4 of terminal
strip D.

() Connect a 1000 & (brown-black-red) resistor from lug
1 of terminal strip D to lug 4 of terminal strip A.
Connect a second 1000 Q resistor from lug 1 to lug 4
of terminal strip F.

Connect a 4700 Q (yellow-violet-red) re-
sistor from lug 2 of terminal strip Fto lug 4
of terminal strip E. Connect a second
4700 @ resistor from lug 2 of terminal
strip B to lug 4 of terminal strip C.

—~
~

Connect a 47 KQ (yellow-violet-orange)
resistor from lug 2 of terminal strip F to
lug 2 of terminal strip D. Connect a second
47 KQ resistor from lug 4 of terminal
strip D to lug 2 of terminal strip B. Con-
nect a third 47 KQ resistor from lug 3 of
terminal strip C tolug 3 of terminal strip E.

—
~

( ) Connect a ,05 pfd capacitor from lug 3 of
terminal strip E tolug1 of terminal strip F.

( ) Connect a 3-1/4" wire from lug 2 of termi-
nal strip F to lug 3 of terminal strip C.

() Install transistor Q1. Connect lead B to
lug 2 of terminal strip D. Connect lead E
to lug 4 of terminal strip A. Connect lead
C to lug 2 of terminal strip B.

() Install transistor Q2. Connect lead B to
lug 4 of terminal strip D. Connect lead C
to lug 2 of terminal strip F. Connect lead
E to lug 4 of terminal strip F.

( ) Connect a ,01 ufd capacitor from lug 3 of
terminal strip C to lug 2 of terminal strip
Ds

( ) Connect a .01 pufd capacitor from lug 2 of
terminal strip B to lug 4 of terminal strip
D;

( ) Connect a 6" wire from lug 1 of terminal
strip E to lug 3 of terminal strip C.

This completes the basic connections of this
circuit, Connect the oscilloscope leads to the
output terminals of the test chassis, Turnonthe
oscilloscope and test chassis, Adjust the oscillo-
scope and test chassis for two-cycle wave-
form, The waveform should appear approxi-
mately like the one in Figure 4-31. Turn off
the test chassis,
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Figure 4-31

SUMMARY

The oscilloscope power supply furnishes a wide
variety of different voltages for the many parts
of the instrument, The power supply is divided
into two parts, a high voltage section and a low
voltage section,

The high voltage section produces high negative
voltage, using a half-wave rectifier, The high
voltage requires special insulation in the cir-
cuit wiring, The high voltage is used pri-
marily for accelerating the electrons in the
electron beam of the CRT.

The low voltage section supplies operating
voltage for the remaining parts of the oscillo-
scope., Because of the high sensitivity of the
amplifiers, the low voltage power supply gen-
erally uses a full-wave rectifier for more
filtering, and a voltage regulator for smooth
DC voltages,



Page 103

Figure 4-30



Page 104

Part IV

Y P EATEIXIT

CHAPTER 3

S weep Circuits

In Chapter 1, you saw how a sawtooth waveform
was applied to the horizontal plates of the CRT to
help in displaying a sine wave, The action of
two waveforms at right angles is necessary for
the proper formation of atwo-dimensional figure
on the CRT screen, Only one waveform applied
to one set of deflection plates results in a
straight line,

The sweep circuit in an oscilloscope provides
the second waveform, The type of waveform
needed depends on the reason for studying a
test signal, Generally, the information needed
is how the waveform changes as time passes,
The sweep waveform, then, must have the char-
acteristics of a clock, The time between 1:00 to
2:00 is the same as the length of time between
2:00 and 3:00, etc, That is, time passes at a
uniform rate, The sweep voltage must change
such that any inch of deflection on the screen
will represent the same length of time as any
other inch, In Figure 4-32, lengths A, B, and C
are 1 inch, Each represents the same interval
of time., This establishes what is usually re-
ferred to as time base, An undistorted sawtooth
waveform is a linear time base,

In the Experiment at the end of Chapter 2 you
built a circuit, a multivibrator that produced a
square wave, This chapter will discuss how
the multivibrator works and how the sawtooth
is produced, You will also see how the unwanted
part of the sawtooth, the retrace part, is re-
moved from the CRT trace, Trigger sweeps
and other forms of sweeps are also discussed,

Multivibrator

The free-running multivibrator, which is an
essential part of the sweep circuitry, is a widely
used method of producing sweep frequencies, It

o |
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Figure 4-32

is essentially a two-stage oscillator, in which one
stage conducts while the other stage is cut off,
until a condition is reached where the stages
reverse their roles,

A transistor multivibrator circuit is usually the
counterpart of a similar circuit that uses vacuum
tubes, Since most multivibrator circuits operate
the same way, the transistor multivibrator built
in Chapter 2 will be used to explain multivi-
brators,
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It may be helpful to reviewthe chapter on tran-
sistors before you begin studying this circuit
description, Remember that the negative voltage
is connected to the collector circuit and the posi-
tive voltage is connected to the emitter circuit
for PNP transistors,

A collector-coupledtransistor multivibrator cir-
cuit is shown in Figure 4-33, The output of the
first stage is coupled to the input of the second
stage, and the output of the second stage is
coupled to the input of the first stage, Resistors
R1 and R2 are the collector loads. Emitter
resistors R5 and R6 act as stablizers, Base
bias for Q2 is developed by a voltage divider con-
sisting of R3 and R8, Base bias for Q1 is de-
veloped by a voltage divider consisting of R4
and RT,

Transistors Q1 and Q2 alternately turn "on"
and "off." If Q1 is conducting, Q2 is turned "off.,"
If Q2 is conducting, Q1 is turned "off." All the
actions described in the following paragraphs
actually take place in a small fraction of a
second, However, they have been separated into
a series of steps to make the circuit operations
easier to understand,

For a starting point, assume that Q1 is con-
ducting in a state of saturation (that is, it is
carrying all the current that it can) and Q2 is
turned off, Assume also that capacitor C1 is
charged up to the battery voltage of 3 volts, and
capacitor C2 is not charged, The following para-
graphs will show how the capacitors reached
this condition,

1, In this first condition, as stated above,
voltage V, is very low, .5 volt, and voltage V,
is almost 3 volts (since Q2 is turned 'off").

2, Capacitor C2 charges up to the voltage of
V,, 3 volts, Capacitors C1 gradually discharges
through resistor R8 and Q1,

3. As C1 discharges, the voltage at the base
of Q2 gradually becomes less positive (it
started at almost a full +3 volts because of the
charge on C1) until it is about zero volts,
this causing Q2 to begin to conduct,
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4, When Q2 begins to conduct, less voltage is
dropped across it, thus V, becomes smaller,
Voltage V, is also divided by voltage divider
resistors R4 and RT; thus the voltage at the
base of Q1 also becomes smaller and the cur-
rent in Q1 begins to decrease,

5, When the current in Q1 decreases, more
voltage is dropped across it, causing V, to in-
crease, Voltage V, also appears across voltage
divider resistors R3 and R8, thus the voltage
at the base of Q2 becomes larger, causing the
current in Q2 to increase still further,

6. Increasing current in Q2 causes V, to be-
come still smaller and this voltage decrease is
again coupled to the base of Ql, This whole
series of voltage changes quickly until Q2 is
conducting all the current it can, and Q1 is turned
Hof .H

NOTE: In the first condition we assumed Q1
was conducting and Q2 was turned "off," now
Q2 is turned "on" and Q1 is turned "off." The
next two steps show how this process begins
again to reverse itself,

1. When Q1 is turned "off' voltage V, becomes
almost a full 3 volts, and capacitor C1 begins to
charge up to this 3 volt level, Voitage V2 is
now .5 volt,

2, This condition (Q1 turned "off" and Q2
conducting) remains until C2 discharges enough
across R7 to cause Q1 to begintoconduct again,
Then the whole process begins all over again,

The multivibrator continues to oscillate back and
forth inthis manner, alternately turning the tran-
sistors "on'" and "off," The frequency at which
it will operate is determined by how quicklyca-
pacitor C1 and C2 are allowed to discharge,
The voltage waveform that appears at both V,
and V, is a square wave, as shown by Figure
4.34,

VOLTAGE V,

-.5VOLTS(Q! CONDUCTING FULLY)

--=3VOLTS (Ql CUT OFF)

-.5VOLTS (Q2 CONDUCTING FULLY)

-2 --

—3-- ---------- -3 voLTs (@2 CUT OFF)
FIRST  SECOND
CONDITION  CONDITION

Figure 4-34
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A sawtooth output can be obtained across the
capacitor, C3, The charging~discharging action
of the capacitor results in a sawtooth waveform
as shown in Figure 4-35,

Blauking Circuits

If the charging voltage across a capacitor will
sweep the electron beam from left to right
across the screen, then the discharging voltage
will sweep it from right toleft, If a symmetrical
multivibrator, such as the one shown in Figure
4.33 were used, the trace and retrace times
would be the same, and both the trace and re-
trace would appear on the screen,

The sweep waveform is much more useful if
the retrace time is very short, since this part
of the waveform is not used, It is also desirable
to make the retrace invisible,

Figure 4-36

The retrace time is shortened by making the
multivibrator asymmetrical, This means that
one transistor conducts for a longer period of
time than the other, The resulting sawtooth then
would look like that in Figure 4-36,

The retrace, which is needed to returnthe beam
to its starting point for the next sweep, is made
invisible by a process called blanking., When
blanking occurs, the retrace is blanked out by
making the beam intensity so low during the re-
trace time that it becomes invisible on the
screen,

Blanking is accomplished by applying a large
positive pulse to the cathode of the CRT during
the retrace time, This makes the control grid
very negative with respect to the cathode, thus
cutting off the electron beam during the retrace
period, This is like mechanically turning the
intensity way down each time the sweep re-
traces.
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The positive pulse is derived from the multi-
vibrator transistor that conducts during the short
retrace period, If the magnitude of the pulse
is not large enough to cause cutoff of the
electron beam in the CRT, an amplifier is in-
serted between the sweep generator and the CRT.
This amplifier is called the blanking amplifier,

Some oscilloscopes have a means of removing
the blanking voltage from the CRT, allowing
the retrace to be seen, In high frequency op-
eration, the retrace time can be much longer
than one cycle of waveform, In such cases the
retrace may contain needed information and
thus blanking is not desirable,

Special Type of Sweeps

A sawtooth sweep produced by a multivibrator
is used most commonly. However, other forms
of sweeps are useful, These are generally of the
nonlinear type, This means the sweep does not
travel at a constant rate in the horizontal di-
rection,

The more common types of nonlinear sweeps are
sine wave, circular and spiral sweeps. Some of
these will be discussed in Part VI on applica-
tions, For example, a 60 cycle sine sweep is
very useful in audio work where tests are
made for "hum.," The 60 cycle sine wave
sweep can be taken from a winding on the
power transformer, Provisions are found on
many newer oscilloscopes for a sine sweep;
usually there is a line sweep (60 cps) position
on the horizontal frequency selector switch,

In this chapter, only the free-running, or con-
tinually reoccurring, sweep has been discussed
so far, Another special type of sweep is the
triggered sweep, When a test pattern repeats
itself periodically, the free-running sweep,
either linear or nonlinear, will show the de-
sired information, If the waveform occurs only
once, or in a random manner, a free-running
sweep may be on retrace when the waveform
occurs, To assure that the waveform is seen,
the sweep is triggered by the signal voltage,

e )

This means that the sweep occurs only whenthe
signal comes through. Generally a delay net-
work is used to allow the sweep to get started
before the signal is applied to the deflection
plates,

Phase

A control that is often added to general purpose
oscilloscopes isthe phasing control, This control
is used with line sweep, Use is also found for
this control in connection with sweep generators,
and some work with Lissajous figures, A few
such applications will be discussed in a later
section,

The sine wave signal for line sweep is generally
taken from some point in the oscilloscope cir-
cuitry, usually a winding on the power trans-
former, When the sine wave signal is used to
drive the horizontal plates, the phasing control
is used to vary the point on the sine wave at
which the sweep begins,

Figure 4-37 shows an example of a general
purpose oscilloscope sweep and blanking cir-
cuit, In this chapter, a transistor multivibrator
was used to explain multivibrator operation,
The experiment for this chapter uses that cir-
cuit, Figure 4-37 shows a vacuum tube multi-
vibrator,

Tube V4B and tube V5A constitute the multi-
vibrator, The plates of the tubes are comparable
to the collectors of the transistors, The grids
act like the bases of the transistors, The
cathodes are similar to the emitters of the
transistors,

The multivibrator is asymmetrical, The plate-
grid coupling between tubes is not the same,
The experiment of this chapter will show how
making this coupling different makes the multi-
vibrator asymmetrical, In this example, V5A is
made the tube that conducts for the short
period of time, V4B conducts for the long period,
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Figure 4-38 shows a small section of the total
circuit, This is the situation when capacitor C21
and resistor R48 are inserted in the cathode
circuit of V5A by the horizontal frequency
selection switch,
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Figure 4-39

When V5A conducts, capacitor C21 charges,
When V5A cuts off, C21 discharges through
R47-R48, The result is a sawtooth wave as shown
in Figure 4-39,

The sawtooth waveform is amplified by the
horizontal amplifier and applied to the hori-
zontal plates of the CRT. The value of R47-
R48 determines the length of time needed to
discharge C21,

In Figure 4-37, when V5A conducts, a negative
pulse is fed to V5B through capacitor C116, The
pulse is inverted by V5B and amplified to a
sufficient voltage that when it is applied to the
cathode of the CRT it will cut off the electron
beam, This is the same as making the control
grid more negative, This operation is called
blanking the retrace.
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EXPERIMENT 4-3

The purpose of this experiment is to use the
oscilloscope to observe how the multivibrator
operates, You will also be able to see how the
symmetrical multivibrator can be changed to
an asymmetrical multivibrator, For the experi-
ment, refer to Figure 4-30 of Chapter 2 and to
Figure 4-40,

The other end of the 6" wire that is connected
to lug 1 of terminal strip E will serve as a con-
venient probe, Turn on both the oscilloscope and
test chassis, and adjust for the square waveform
of the previous Chapter, as shown in Figure 4-41,
To show the waveform of Q2, the probe is now
connected to point B of Figure 4-40 (pin 3 of
terminal strip C).

Connect the 6" wire probe to point A, lug 2 of
terminal strip B. This is the waveform of the
conduction of Q1, For a symmetrical multi-
vibrator, it should looklike the conduction wave-
form of the other transistor,

Note the gaps in the waveform in Figure 4-41,
These gaps only happen where there is a very
quick rise at the leading or trailing edge of a
waveform, They occur at those places where the
beam moves up or down so rapidly that the screen
does not have time to fluoresce,
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Figure 4-41
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Figure 4-42

Connect the 6" wire probe to point G, lug 3 of
terminal strip E. This is the waveform that
results when a square wave is applied to capac-
itor C3. Notice that this sawtooth wave is sym-
metrical, The length of time of charge is approxi-
mately equal to the length of time of discharge.
See Figure 4-42,

Connect the 6" wire probe to point D, lug 2 of
terminal strip D. This is the waveform at the
base of Q1. An actual photograph of this wave-
form is shown in Figure 4-43,

The first part of this experiment showed the
characteristic waveforms of a symmetrical
multivibrator, You will now change the multi-
vibrator into one that is not symmetrical, That
is, you will make one transistor conduct longer
than the other,

First, Q1 will be made to fire for a longer
period of time by decreasing the value of C2
from ,01 pfd to ,001 pfd,

( ) Connect the 6" wire probe to lug 3 of
terminal strip C.

( ) Remove the .01 pfd capacitor from lug 4
of terminal strip D tolug2 of terminal strip
B, and replace it with a ,001 ufd capacitor,

Figure 4-43

( ) Adjust the oscilloscope to obtain a wave-
form, This capacitor value change also
changes the frequency of the multivibrator,

Your waveform on the oscilloscope should look
like the one in Figure 4-44,

B

.

CONDCTING

Figure 4-44
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Figure 4-46A

Now Q1 will be made to fire for a shorter time
by increasing the capacitance of C23

( ) Replace the ,001 pfd capacitor from lug 4
of terminal strip D to lug 2 of terminal
strip B with a .1 pfd capacitor,

() Adjust the oscilloscope for the proper trace,
This change will again change the frequency.

The resulting waveform now should look like
the one in Figure 4-45, These waveforms (Fig-
ures 4-43, 4-44 and 4-45) are the waveforms
present at point B, the collector of Q2.

The next step is to look at the change in the
sawtooth for each of the conditions of conduction
of Q1. This is done by changingthe 6" wire probe
to point G, lug 3 of terminal strip E. Use each of
the capacitors, .001, ,01, and ,1 for C2, The
sawtooth waveforms that you should see are
shown in Figure 4-46,

(A) For ,001 pfd:
(B) For ,01 pfd:

(C) For .1 pfd:

( ) Now turn the equipment off,
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Figure 4-46C

The different forms of sawtooth are not all suit-
able for a linear sweep,., Part B of Figure 4-46
shows the symmetrical waveform where the re-
trace would be as long as the sweep, Part C
shows a waveform that is not linear,

The three capacitors also demonstrate how the
frequency of a sawtooth may be varied, The
larger the value of capacitance, the lower the
frequency,

SUMMARY

A sweep circuit provides the horizontal signal for
the CRT. When applied at right angles tothe test
signal, it produces a two-dimensional wave-
form on the screen of the CRT. A linear
sawtooth waveform produces the linear time
base,

A multivibrator circuit produces a square wave,
When this waveform is applied to a resistor-
capacitor combination, a sawtooth wave is
formed, If the pulses are equal, the multivi-
brator is symmetrical, If the pulses are not
equal the multivibrator is asymmetrical, The
multivibrators used in oscilloscopes are asym-
metrical,

The return sweep is removed from the screen
by a process called blanking, This is accom-
plished by making the cathode of the CRT more
positive with respect to the control grid during
retrace,

Sweeps other than the linear sawtooth are also
used, The 60 cycle line sweep is the more
common of the nonlinear sweeps,
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CHAPTER 4
Am[;llfiers

Oscilloscopes have amplifiers to increase signal
amplitude before the signal is applied to the
horizontal or vertical plates of the CRT. A
signal of comparatively high amplitude is re-
quired at the plates of the CRT to obtain a use-
ful deflection,

The amplifiers must be able to handle a very
wide range of frequencies equally well, They
must reproduce a waveform in the same shape
as applied to the inputs of the oscilloscope,
Finally, proper phase relationships must stay
the same, That is, a positive pulse must appear
in an upward direction, and a negative pulse
in a downward direction,

This chapter shows features of oscilloscope
amplifiers that produce the desired sensitivity
without distorting or inverting the test signal,
Each refinement added to the circuit increases
the cost of the oscilloscope, so, compro-
mises must often be made,

The first part of the chapter discusses features
that vertical and horizontal amplifiers have in
common, The last part of the chapter shows how
they differ,

Figure 4-47

Frequency Response

General purpose oscilloscopes are required to
handle a wide range of frequencies, The width
of the frequency coverage may be as high as 5
me, Some laboratory oscilloscopes may go as
high as 100 me, The frequency range of hi-fi
amplifiers is very limited in comparison to
that of amplifiers in oscilloscopes.

The power absorbed by the CRT deflection
plates is so small that it is usually disregarded,
Because of this, resistance coupled type ampli-
fiers are used, They are relatively low-cost
construction and are reasonably easy to com-
pensate for low-and-high frequency response,

Figure 4-47 shows a typical RC coupled ampli-
fier, C2 represents the sum of all the stray
capacitance in the circuit (between wires, tube
elements and chassis ground). The shaded area
covers the coupling elements that are involved,

As the frequency decreases, the capacitive re-
actance of Cl1 increases, For very low fre-
quencies this reactance may be much greater
than the resistance of R1, In this event, the
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circuit of C1 and R1 act like a voltage divider,
where the voltage across R1 is only a small
part of the total voltage output of tube V1, For
good response at low frequencies, C1is made as
large as possible,

As the frequency becomes very high, the stray
capacitance represented by C2 becomes an
important factor. At high frequencies the capac-
itive reactance becomes very low, This is like
putting a small resistor between the plate and
ground, The gain of an amplifier falls off at high
frequencies because of this shunting effect, To
maintain high frequency response, the amplifi-
cation is boosted to offset the decrease in high
frequency response caused by the stray shunt
capacitance, This may be done in many ways,
Figure 4-48 shows one way; by adding an in-
ductance in series with the plate load, This in
effect shunts the tube, At low frequencies, the
inductance offers low resistance. As the fre-
quency starts to become very high and the
shunt capacitance becomes critical, the inductor,
called a peaking coil, increases the plate load,
thus offsetting the loss in gain, This extends the
frequency range, Figure 4-49 represents in
graphic form what the peaking coil adds to the
frequency response,
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In Figure 4-48, capacitors C3 and C4 in the
cathode circuits also help to increase the high
frequency response, Asthefrequency increases,
the impedance of C3 and C4 decreases, As the
frequency of the signal increases, the decreas-
ing cathode impedance causes greater gain in
the tube,

61 LH

B+

61 UH

Figure 4-48
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The Amplifier Input Stage

The input stage of an amplifier also poses
frequency response problems, The input section
must control the signal level and it must also
have a wide frequency response, The signal
level can be controlled by a voltage dividing
network, and flat frequency response can be
achieved by using afrequency compensationnet-
work,

The voltage dividing network that controls the
input signal level is usually composed of two sec-
tions. The first section is a switching arrange-
ment ralled the input attenuator (vertical input
switch, see Figure 4-50). It is used to divide
the input signal into small steps. By changing
the switch position, a larger or smaller portion
of the input signal is selected and coupledto the
amplifier,

The second section of this dividing network is
usually a potentiometer (vertical gain control,
R5 in Figure 4-50). This control receives the

selected portion of the input signal from the
attenuator (through V1 - see next paragraph)
and divides it further, Here at R5, a smooth
continuous variation of the signal can be made,
before the signal is coupled from the arm of the
control to the vertical amplifier,

Stage V1, called a cathode follower, is used to
separate these two sections, It has a high input
impedance (it appears to the input as if a very
large resistance were at the grid of the tube),
thus keeping the input circuit of the oscilloscope
from loading down (or drawing current from)
the circuit under test, The cathode follower also
has a low output impedance (the output from the
cathode of the tube appears as if it were coming
from a very low resistance); this helps maintain
a high frequency response., The signal is not
amplified in the cathode follower,
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Push-Pull

Even many economical oscilloscopes use push-
pull (balanced deflection) amplifiers in the final
output stage before the CRT deflection plates,
High precision oscilloscopes use push-pull am-
plifiers in all amplifier stages because of their
advantages, Figure 4-51 shows two identical
tubes connected in push-pull, The grid of each
tube is fed the same signal, but the signal at
one grid is inverted from the signal atthe other,
V1 and V2 each amplify the signal, The output
of the tubes acts like two batteries in series;
that is, the two outputs add, 20 volts applied to
one deflection plate and 20 volts added to the
other deflection plate would have the same effect
as 40 volts applied to the deflection plates from
a single-ended (one tube output stage) amplifier,

The reasons for using push-pull are many,
Push-pull establishes a balanced condition be-
tween the deflection plates, The voltage varia-
tion between plates is such that as one in-
creases, the other plate decreases a like
amount, In a single-ended amplifier, only one
plate varies in voltage from its original value,
Push-pull output provides twice the signal voltage
compared to that of one tube with the same
supply voltage, With push-pull output, the aver-
age deflection plate voltage stays constant,
since one plate is always decreasing while the
other is increasing; thus the beam acceleration
and the focusing of the beam stay more con-
stant than they would in a single-ended ampli-
fier,
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Figure 4-52

Rise Time

The time that it takes for an amplifier to
respond to the sharp leading edge or trailing
edge of a signal is called its rise time, For
example, if a square wave is applied to an
amplifier, there is a very rapid change in the
waveform, Figure 4-52 shows a typical square
wave, Time is plotted along the base in micro-
seconds; 1,000,000 microseconds (u sec)equals
1 second, The voltage is zero one instant and
maximum the next, However, it takes a short
period of time for an amplifier to respond to a
change of no conduction to maximum conduction,
When the oscilloscope is sweeping at high fre-
quencies, the total length of time for a sweep
may be long enough for a distortion to appear
in the waveform, In Figure 4-53 an example
of this effect is illustrated, The time from
10% of the total amplitude to 90% of the total
amplitude is the rise time, A smaller rise time
indicates a better high frequency response in
the amplifier,

10% 90%
—»] f«—RISE TIME
| |

|
|
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Figure 4-53
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This concludes the discussion of common
features of oscilloscope amplifiers, The next
two sections discuss areas in which oscillo-
scope amplifiers differ, Two amplifiers, one
for the vertical plates and one for the hori-
zontal plates of an actual general purpose oscil-
loscope, will be compared, You should also
compare the circuits of your oscilloscope to
these amplifiers,

The Vertical Amplifier

The vertical amplifier is shown in Figure 4-54,
The signal enters from the left, is amplified,
and is passed on to the deflection plates at the
right, This circuit has three levels of atten-
uation at the input stage, Notice the shunt ca-
pacitors, C1, C2, C3, and C4, that are used
as frequency compensators, V1 is used as a
cathode follower, The vertical gain control, a
continuously variable attenuator, is coupled to
the grid of V2A. Tubes V2A and V2B serve as
two stages of amplification before the push-pull
circuit, The push-pull section uses a twin triode,

Several peaking coils are used in this circuit to
improve high frequency response, For example,
notice the 61 ph peaking coils in the plate
circuits of V2A and V2B. R18 serves as the
vertical position potentiometer, Vertical posi-
tioning is accomplished by adjusting the DC
voltage on the grid of V3B.

The Horizontal Amplifier

Figure 4-55 shows a horizontal amplifier, The
chief function of the horizontal amplifier is to
amplify the sweep voltage, Since this amplifier
does not have to amplify as wide a range of
frequencies (only the sweep frequencies) as the
vertical amplifier it has amuch simpler circuit,
This circuit does not have a switched attenuator
before the cathode follower circuit (the circuit
employing V6A). R52 serves as the variable gain
control, There is one less stage of amplification
before the push-pull output stage since this
amplifier usually requires less sensitivity than
the vertical amplifier, Because of the decreased
need for a wide frequency response, it also has
less frequency compensation, For example this
horizontal amplifier does not contain peaking
coils, R55 serves as the horizontal position con-
trol in the same manner as in the vertical ampli-
fier.

EXPERIMENT 4-4

Of all the requirements of an amplifier, none
are more important than the ability of an ampli-
fier to handle waveforms without changing their
appearance, The purpose of this experiment is
to give some experience in simple circuits and
how they affect the characteristics of a wave-
form,
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The signal source will be the multivibrator used
in the chapter on sweep circuitry, Three simple
circuits are used to illustrate the changes that
can be made in a waveform,

The multivibrator produces a waveform that is
almost a square wave, While it may not be good
enough for test purposes, it should be suf-
ficient to illustrate a principle,

GOOD POOR H F RESPONSE

L @

The square wave is a series of sine waves,
This combination is made up of a fundamental
frequency and odd multiples of that frequency,
If your multivibrator oscillates at 800 cycles/
sec,, then a perfect square wave will consist
of 800, 2400, 4000, 5600, 7200, etc, If the
corners of your multivibrator square wave-
form are rounded off, this means some of the
higher odd multiples are missing, Figure 4-56
shows some of the ways a square wave can be
distorted,

POOR L F RESPONSE EXCESSIVE H F RESPONSE
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Figure 4-56
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The first circuit will illustrate how high fre-
quencies can be attenuated, The circuit in Fig-
ure 4-57 is much like the circuit in a RC
coupling network, The 470 ppf capacitor acts
like the stray capacitance discussed earlier,

( ) Connect a ,01 pfd capacitor from lug 4 of
terminal strip D to lug 2 of terminal strip
B.

( ) Connect a 470 puf capacitor from lug 3 of
terminal strip A tolug 1 of terminal strip D.

( ) Connect a 3" wire from lug 3 of terminal
strip C to lug 1 of terminal strip A.

( ) Connectone end ofthe 6" wire from lug1 of
terminal strip E to lug 3 of terminal strip A.

( ) Turn on the oscilloscope and test chassis,
Adjust the oscilloscope for three cycles,

Notice the change in the square waveforms,
Figure 4-58 shows how your waveform should
now look,
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Figure 4-58

( ) Remove the 6'" wire from lug 3 of terminal
strip A.

( ) Remove the 470 ppuf capacitor from lug 3 of
terminal strip A to lug 1 of terminal strip
D, and replace it with a 330 KQ (orange-
orange-yellow) resistor,

( ) Remove one end of the 3" wire from lug 3
of terminal strip C.

( ) Connect a ,001 pfd capacitor from lug 3 of
terminal strip C tolug 3 of terminal strip A.

ool

0k 3 ‘
Figure 4-59

( ) Connect the 6" wire from lug 1 of terminal
strip E to lug 3 of terminal strip A.

\L
/1

The circuit has now been changed to look
like that in Figure 4-59, Figure 4-60 shows
a photograph of what you should see on your
oscilloscope screen, The medium and low fre-
quencies are now attenuated,

Figure 4-60
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( ) Remove the 6" wire from lug 3 of terminal
strip A.

( ) Change the lead of the 330 KQ (orange-or-
ange-yellow) resistor from lug 1 of termi-
nal strip D to lug 3 of terminal strip C.

( ) Connect a 33 KQ (orange-orange-orange)
resistor from lug 3 of terminal strip A to
lug 1 of terminal strip D.

() Connect the 6" wire from lug 1 of terminal
strip E tolug 3 of terminal strip A. Then ob-
serve the waveform,

The circuit is now as shown in Figure 4-61,
This circuit permits the excessively high fre-
quencies to pass, while attenuating the low
frequencies,

AI.OOI
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Figure 4-61

Figure 4-62 shows a picture of the waveform
that you should see,

( ) Now turn off the equipment,

SUMMARY

Amplifiers increase the signal amplitude before
the signal is applied to the deflection plates of
the CRT. Oscilloscope amplifiers must be able
to operate over a very wide range of frequen-
cies, Frequency response characteristics are

Figure 4-62

aided by large coupling capacitors, peaking
coils, and shunting capacitors in attenuation
networks and the cathode circuits,

Attenuation usually is accomplished in two stages.
The first, step attenuation, is separatedfrom the
second, continuous attenuation, by a cathode

follower circuit, The high impedance input of
the cathode follower circuit prevents oscillo-

scopes from changing the characteristics of the

circuit under test,

The push-pull amplifier is used in oscilloscopes,
especially in the output stages, because of better
linearity and lower operating voltages,

Rise time refers to the time it takes for an
amplifier to respond to a change in signal, A
short rise time generally indicates a high per-
formance amplifier,
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Synchronization

Synchronization circuits are used to hold the
frequency of the horizontal sweep signal to the
exact frequency, or to an exact fraction of the
frequency of the input test signal, This causes
the beam of the CRT to start at exactly the same
point on the input signal each time it sweeps
across the screen, Thus, the signal appears
stationary on the screen, and does not appear
to be moving to the right or to the left, See Figure
4-63,

A moving waveform is very difficult to study.
The fine frequency control could be constantly
adjusted to synchronize the sweep and input wave-
forms, but this would be impractical since it
would require the operator's constant time and
attention, and the result still would not be satis~
factory,

A thorough knowledge of the operation of the
horizontal tube type multivibrator is needed be-
fore you can understand how it can be syn-
chronized, The following paragraphs explain
the operation of a typical circuit of this type,

Tube Multivibrator Operation

The modes of operation of the tube type and
transistor type multivibrators are quite simi-
lar, Therefore, it might be helpful for you to
refer back to Chapter 3 at this time to refresh
your memory on how a transistor multivibrator
operates,

VERTICAL
INPUT

VERTICAL

Figure 4-64 shows a simplified drawing of a
typical oscilloscope multivibrator circuit, Al-
though this is a different type of multivibrator, it
operates in the same manner as the multivi-
brator you studied in Chapter 3. Tubes V4 and
V5 alternately turn on and off, While V4 is con-
ducting, V5 will turn off; while V5 is conducting,
V4 is turned off, V5 conducts for a short period
of time, V4 conducts for alonger period of time,

1, When V5 conducts, it charges sawtooth-
forming capacitor C17, C17 quickly charges
up until the voltage at the cathode of V5
begins to become more positive than the
voltage at its grid, This begins the rapid
chain of events that quickly cause V4 tocon-
duct and V5 to be cut off, C17 then begins
to discharge slowly through R48 and R47,

2. When V5 turns off, its plate voltage increases
to the full B+ supply voltage, causing C115to
begin to charge through R140, The current
flow through R140 then causes a positive
voltage to appear on the grid of V4, and V4
begins to conduct,

3. V4 continues to conduct until it is turned
off again by a negative-going voltage at its
grid, as described in the next step,

»—— % SIGNAL

AMPLIFIER
SYNC HORIZONTAL | e A HORIZONTAL
SYSTEM MULTIVIBRATOR —- SWEEP WAVEFORM

SYNCRONIZATION LOCKS THE FREQUENCY
OF THE HORIZONTAL SWEEP WAVEFORM AND
THE SIGNAL WAVEFORMS TOGETHER.

Figure 4-63
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FREQUENCY

VERNIER
CONTROL/

4, When sawtooth-forming capacitor C17 is
discharged sufficiently through R47 and R48,
the voltage atthe cathode of V5 becomes less
positive than the grid, and V5 begins to con-
duct again, The plate voltage of V5 then be-
comes less positive, causing C115 to begin
to discharge through R140,

5. The discharge of C115 through R140 puts a
negative voltage on the grid of V4; this
turns V4 off, The circuit is now ready to
begin the cycle all over again, starting with
Step 1.

The time, and therefore the frequency, of the
horizontal sweep waveform depends on how long
it takes capacitor C17 to discharge, When fre-
quency vernier control R48 is set to provide a
larger resistance, C17 discharges more slowly,
causing the sweep frequencytobe lowered, When

Figure 4-64

PART OF HORIZONTAL
FREQUENCY, SWITCH

SAWTOOTH SWEEP TO
HORIZONTAL AMPLIFIER

frequency vernier control R48 is set to provide
a smaller resistance, C17 discharges more
quickly, causing the sweep frequency to become
higher,

Larger changes in the horizontal sweep fre-
quency are made by substituting larger and
smaller capacitors for C17 with the horizontal
frequency selector switch, The larger capacitor,
since it holds a muchlarger charge; takes longer
to discharge,

Synchronizing the Horizontal Multivibrator

In the circuit of Figure 4-64, V5 was turned on
and off by the voltage at its cathode, It could also
be turned on and off by adjusting the voltage
at its grid which is tied directly to the plate of
V4,
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The following paragraphs will explain in detail
how synchronization is accomplished,

Part A of Figure 4-65 shows what the waveform
at the grid of V5 looks like, (An actual circuit
would have a more asymmetrical waveform;
this waveform has been shown symmetrical here,
When C17 first begins to discharge; the grid of
V5 becomes highly negative with respect to
its cathode, and V5 is cut off., This negative
voltage gradually becomes less negative é) as
C17 discharges, until the cutoff voltage is
reached, When the cutoff voltage is reached
V5 begins to conduct again and recharge C17,
and the second half of the cycle begins, The
square wave that is produced at the plate of
V5 is shown by Part C of Figure 4-65,

In the synchronizing process, a controlling sig-
nal is introduced into the multivibrator., This
controlling signal continuously adjusts the multi-
vibrator frequency, in small amounts, to keep
the horizontal frequency exactly the same as,
or an exact fraction of, the frequency of the
input test signal, This keeps the two frequen-
cies locked together, so that small changes in
frequency do not make a test signal move to
the right or left on the screen,

Usually a small portion of the test signal is
connected to the multivibrator for the syn-

® ®

chronizing or '"sync' signal, In this case, the
sync signal is coupled through V4 to the grid
of V5, Part B of Figure 4-65 shows the grid
waveform of Part A with the sync signal added
to it,

Note that each cycle of the sync signal first
adds to and then subtracts from the voltage at

, as that voltage gradually becomes less
negative, Finally, at @ , the sync signal reaches
the cutoff voltage and causes V5 tobeginto con-
duct, Observe that it has caused V5 to conduct
much sooner than it would have without the
sync signal, as shown by the dotted line,

The square wave produced by waveform B is
shown by Part D of Figure 4-65. Notice that
the left side of the square wave is much smaller
now than it was in waveform C. This causes one
complete cycle of the square wave, and@,
to occur in less time than before, which means
that it has increased in frequency, thus in-
creasing the horizontal sweep frequency,

Each successive cycle of the horizontal multi-
vibrator would be started in the same manner,
thus the frequency is locked to an exactfraction
of the frequency of the input signal.
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Types of Synchronization

Figure 4-66 shows a block diagram of a com-
plete sync system, There are three sources from
which sync signals are normally obtained: from
the vertical amplifier; from a 60 cycle AC
(line) voltage of the power transformer; or
from the external sync binding post on the front
panel of the oscilloscope.

VERTICAL
AMPLIFIER

T l—
EXT SYNC

‘ SYNC
SYSTEM
INPUT
LINE SYNC | SYNC SELECTOR

INTERNAL SWITCH

SWEEP
GENERATOR

Figure 4-66

Some oscilloscopes provide both positive and
negative sync from the vertical amplifier, This
allows you to synchronize the waveform so that
either the positive or negative half of the input
signal is seen first on the CRT. This is often
useful when a close examination of one-half of
the waveform is desired, It is alsousedin those
cases where a pulse of voltage goes only in the
positive or negative direction from zero,

External sync is accomplished by connecting a
lead directly from the circuit being testedto the
external sync binding post, This type of syn-
chronization could be used in servicing a radio
or amplifier with a generator, By connecting the
generator to the radio and also to the external
sync of the oscilloscope, the operator could
check the waveform in many parts of the set, at
varying amplitudes, without having to readjust
the synec.

Line sync is often used to check waveforms
that are multiples in frequency of the 60 cycle
line frequency,

Many oscilloscopes also have a sync amplitude
control that adjusts the amplitude of the sync
that is coupled to the horizontal multivibrator,
Before this control is adjusted, the horizontal
frequency (frequency vernier) control should be
adjusted for approximate synchronization, Then,
set the sync amplitude control so that only enough

sync amplitude is used to hold the test pattern
stationary on the CRT. If too much sync signal is
applied, it will cause the sweep voltage to be
distorted,

A Complete Sync System

Figure 4-67 shows the complete sync system of
a typical oscilloscope connectedto the horizontal
multivibrator circuit, The type of sync is se-
lected by a sync selector switch, Looking at
the main schematic, Figure 4-68, will show you
that the +INT and -INT sync signals are ob-
tained from the plate circuits of the push-pull
vertical output stage. The line sync is obtained
from the filament winding of the power trans-
former,

The sync signal is coupled from the selector
switch to the limiter stage circuit of V4A. A
limiter stage is needed to hold the sync signal
to a constant level with wide variations in input
level, to make sure it does not overdrive and
distort the horizontal multivibrator signal,

The same cathode resistor is used for V4A
and V4B. This is the point in this circuit where
the sync signal and the horizontal multivibrator
signals are combined,

V4A is a cathode follower circuit which has its
output limited to a very small signal by: a
very low plate voltage to voltage divider R36-
R37; and resistor R34 in series with its grid,
The low plate voltage causes negative pulses to
cut off the tube while the amplitude of the pulses
are quite small, This causes only a smallnega-
tive pulse to appear at the output, Resistor R34
limits positive pulses by causing the grid tobe-
come blocked, thus these pulses too are limited
to a small amplitude at the output,

Synchronization in this circuit is accomplished
by connecting the sync signal to the cathode of
the multivibrator instead of to its grid, The
principles of synchronization are still the same
as explained previously, The plate voltage of
V4 turns V5 on and off, The multivibrator
waveform, as at the grid, is combined with the
sync signal at the cathode of V4A, resulting in
synchronization,
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EXPERIMENT 4-5

The purpose of this experiment is to review
the material in Part IV and to prepare for
Part V. You will do this by identifying circuit
elements and tracing out circuits in your
oscilloscope, If you have a schematic of your
circuit, place it on a wall over your work bench
for easy reference. If you do not have your
schematic, a circuit schematic, Figure 4-68 and
identification pictures of components, Figures
4-69 and 4-70, of a general purpose oscillo-
scope are provided as a guide to typical circuit
components and their location,

To perform this experiment it will be necessary
for you to remove the oscilloscope from its
cabinet, Oscilloscopes use high voltages which
are dangerous if proper precautions are not
followed, First, before any attempt is made to
remove the cabinet, be sure the line cord is
removed from the wall socket, Second, be sure
that the various control lugs are not touched
while removing the oscilloscope from its cabi-
net, Many of these controls are connected to
the high voltage power supply. A good example
of this is the intensity control, Figure 4-71
shows a good way to remove the oscilloscope
from its cabinet,

Figure 4-7T1

After the cabinet has been removed, the filter
capacitors should be discharged with an insu-
lated screwdriver, Figure 4-72 shows their
physical appearance and the method for shorting
them out, Be sure to do this before working
on the chassis,

Figure 4-T2

The next step is to trace out the more important
circuits, identify the major circuit elements, and
locate them both on the circuit diagram and on
your oscilloscope. Below is a check list of parts
and circuits to be used as aguide, Your oscillo-
scope may not have all the items listed,

The Cathode Ray Tube

( ) CRT

( ) Bulb of CRT

( ) Neck of CRT

( ) Base pins of CRT

( ) Aquadag of CRT

() Electron gun of CRT (if visible)
() Z - axis input

( ) Post accelerator input of CRT
() Connections to vertical plates
() Spot control

( ) Focus control

( ) Intensity control

( ) Connections to horizontal plates
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Power Supply

( ) Power transformer
( ) Fuse

( ) Primary transformer leads
( ) Line switch

( ) HV filament leads

() LV filament leads

( ) CRT filament leads

() B+ power leads

() HV rectifier tube

( ) LV rectifier tube

( ) HV filter section

() LV filter section

( ) Voltage regulator tube

( ) HV voltage dividing network

Sweep Circuit

( ) Multivibrator tubes (may be in one enve-
lope)

( ) RC time base circuits

( ) Blanking amplifier tube

Ampliﬂers

( ) Vertical input attenuation circuits
( ) Horizontal input attenuation circuit
( ) Vertical amplifier tubes

( ) Horizontal amplifier tubes

( ) Peaking coils

( ) Centering controls

Synchronization

( ) Sync limiter circuit
( ) Internal sync circuit

SUMMARY

Synchronization "locks-in-step' the input signal
and the sweep signal, The stimulus for syn-
chronization comes from outside the sweep cir-
cuit, It usually comes from the amplified input
signal in the vertical amplifier,

A sync voltage causes one tube of the multi-
vibrator to change the time of conduction, In-
creasing the length of time of conduction de-
creases the sweep frequency. Decreasing the
the length of conduction increases the sweep fre-
quency,

An insufficient sync voltage prevents synchroni-
zation, too large a voltage distorts the input
signal pattern, Many scopes have a sync limiter
circuit to avoid pattern distortion,

Several types of synchronizing signals are usually
available in a scope: Internal Sync; 60 cps Line
Sync; External Sync, Internal sync usually comes
from the vertical amplifier, Line sync comes
from the power transformer., External sync,
which comes from a post on the front panel
of the scope, allows you to use synchronizing
signals directly from circuits outside the oscil-
loscope.

An external sync amplitude control is provided
to attenuate an external sync voltage. If the ex-
ternal sync voltage is insufficient for synchroni-
zation, an external amplifier would have to be
used to increase the sync voltage,
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PART V

0scz'lloscope Maintenance

Figure 5-1

Maintenance of your oscilloscope may be divided
into two sections: routine maintenance, and
troubleshooting and repair, Since very little
routine maintenance is needed in oscilloscopes,
the majority of this material will show you how
to troubleshoot and repair a malfunctioning
oscilloscope,

Generally, routine maintenance means that you
should periodically adjust the internal controls
of your oscilloscope, Refer to the instruction
manual furnished with your oscilloscope, Steady,
dependable performance will be obtained if these
instructions are followed faithfully,

If your oscililoscope has a blower for cooling
purposes, the filter for the blower should be
cleaned at regular intervals, Otherwise, the
oscilloscope is likely to overheat, causing pre-
mature parts failure,

Part V will describe how you should go about
troubleshooting and repairing a faulty oscillo~
scope, A number of sample difficulties that might
occur will be given, along with some specific
examples of possible troubles that might occur,
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CHAPTER 1

Troublesbooting - General Principles

HOW TO TROUBLESHOOT

Troubleshooting an oscilloscope, or any elec-
tronic device for that matter, means to search
through it to find out why it is not operating
properly, This search to find the cause of the
trouble is like a detective tryingto solve a crime,
The trouble can most often be found by the clues
you get from the symptoms indicated in the cir-
cuits and shown on the cathode ray tube,

Study these symptoms carefully, They could
lead you directly to the cause of the difficulty
without extensive, time-consuming circuit
checks,

Finding your difficulty can be divided into two
general parts, The first part includes the visual
checks, where you try to find the trouble by
looking for visible difficulties; that is, diffi-
culties that can be seen by carefully looking
over the parts and wires, In the second part of
the troubleshooting process, you use your know-
ledge of how the circuit operates to find the
general area of the trouble, Then you locate
the faulty part itself, using other electronic
test equipment such as a voltmeter or another
oscilloscope.

Visual Checks

All troubleshooting usually begins by unplugging
the line cord and removing the oscilloscope
from its cabinet and placing it on your work-
bench, Begin the visual checks by inspecting
the oscilloscope carefully, checking all wires
and parts, Look for any sign of burnedsparts,
broken wires, broken switches, etc. If you
have built the oscilloscope yourself from a
kit, carefully recheck your wiring against the
wiring instructions given in the kit assembly
manual, Often having someone else look at the
instructions with you will prove helpful, as they
will frequently notice something that you have
consistently overlooked, The soldered con-
nections should also be checked carefully,

Whenever you work on your oscilloscope with its
cabinet removed, observe normal safety pre-
cautions to avoid electrical shock, High voltage
is normally present at several points in an
oscilloscope,

Next, plug in the oscilloscope and turn it on, Ob-
serve the resistors and capacitors carefully
for any signs of overheating, If a part appears
to be overheating, turn the unit off immediately,
The next step is not only to replace any over-
heated parts, but also to find out the cause of
the part failures and to remedy this cause, This
can be done by replacing the parts and making
resistance checks with an onmmeter to eliminate
any short circuits that might be present, It will
also be helpful to use the following trouble-
shooting information,

Check to make sure that the filaments of all
tubes are lit, The tubes canbe checked by testing
them in a tube checker or by substituting good
tubes of the same types. If your oscilloscope has
a large number of tubes, it may be better to
refer to the next section, '""Looking for Clues,"
before checking the tubes,

CAUTION: Handle all cathode ray tubes very
carefully, These tubes have been highly evac-
uated; if the envelope should be broken, the
resulting implosion could spray the area with
shattered glass and possibly cause serious conse-
quences, Avoid handling the tube while wearing
diamond rings which might scratch the glass,
Do not strike the glass envelope with tools and
do not subject it to impact or shock.

Looking for Clues

Before you can begin to look for clues, you
must have a thorough knowledge of how an
oscilloscope operates, Only by knowing how all
of the different circuits operate normally, can
you determine when and where they are oper-
ating abnormally. Refer to the instruction man-
ual for your instrument and the oscilloscope
theory in Part IV of this manual to refresh
your memory on the operation of any section
of an oscilloscope.
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Make sure the front panel controls are set
properly, then study the indication you get on
the cathode ray tube of your oscilloscope, Use
this information to try to localize the trouble to
some particular area. A block diagram, such as
the one shown in Figure 5-2, will be quite use-
ful for this purpose., The following examples
show how trouble can be localized,

EXAMPLE 1. When a signal is applied to the
oscilloscope, and only a vertical line (See Figure
5-3) appears on the cathode ray tube, This indi-
cates that the difficulty is in either the sweep
circuits or the horizontal amplifiers,

Figure 5-3



EXAMPLE 2. When a signal is applied to the
oscilloscope, one cycle of the waveform is
considerably wider on one side of the CRT
than one cycle is on the other side, See Fig-
ure 5-4, This would indicate non-linear hori-
zontal sweep; some part of the sweep circuit
is not working properly,

EXAMPLE 3, When a signal is applied to the \\\\\\\\\\\ '.
oscilloscope, there is no vertical deflection \\\\\ %\\%\&\
at all, See Figure 5-5, This would indicate a % >
fault in the vertical amplifier circuits, o

The next step after the difficulty hasbeen local-
ized to some particular area, is to check the
voltages in the questionable area against the
voltages listed in the manual for your oscillo-
scope,. It is also useful to use another oscillo-
scope to check for correct waveforms in ques-
tionable areas, Normally, voltages may vary
plus or minus 10% from the voltage indicated,

If improper voltages or waveforins are found,
check the values of the parts in that area,
either by substituting new parts, or with an chm-
meter or capacitor tester, This should lead you
to the faulty part or parts,

Figure 5-5
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CIRCUIT BOARD TECHNIQUES

Troubleshooting circuit boards requires some
techniques different from those used totrouble-
shoot the circuits on a normal metal chassis,
Probably one of the most confusing things about
circuit boards is to try to trace circuit con-
nections on the circuit board,

To trace connections, shine a strong light on
the component side of the circuit board; then,
when you study the other side of the board
you can trace the foils, and each part mounted
on the board will show up as a dark shadow,
The connections and tube sockets can be used
for landmarks, or reference points, to tracethe
circuit and find out how parts are connected,

To check for breaks in the foil, shine the light
on the foil side and look at the component side
of the circuit board,

Faulty solder connections are a common source
of difficulty on circuit boards, Check the solder
connections over carefully to make sure they
look like the proper solder connections shown
in Figure 5-6, Make sure that large globs
of solder do not bridge between two adjacent
foils, shorting them out,

SOLDER ON

LEAD ONLY T 4
E:é PROPER SOLDER W
SO R
= SOSH Oy ConnECTIon/ W' L2

&> LEAD WAS MOVED = 0N
* BEFORE SOLDER "

§ NO LEAD (o2
N Yy HARDENED s
NO CONNECTION %5 2 = SOLDER AND LEAD BRIDGES

3,

X

Figure 5-6

When parts are being replaced on a circuit board,
make sure that mounting holes are open and
clean before the new components are installed,
Holes that become plugged can be cleaned by
heating the area immediately over the hole
while gently pushing the lead of a resistor through
the hole from the opposite side, Withdraw
the lead before the solder rehardens., Do not
force the lead through; too much pressure, be-
fore the solder has time to soften, can separate
the foil from the board,

If solder is bridged across the insulating area
between conductors, it can be cleaned off by
heating the connection carefully and quickly
wiping or brushing the solder away with a soft
cloth or small brush,

In cases where the foil becomes damaged, repairs
can usually be made with little difficulty., A
break in the foil can be rejoined by soldering
a small piece of bare wire across the gap, or
between the foil and the lead of a component,
Hairline breaks, which sometimes occur, can
usually be repaired by bridging them with a small
amount of solder,

It is much easier to remove large parts from
a circuit board if the leads or lugs are all cut
off with diagonal cutters, Then each lead or lug
can be unsoldered from the board, one at a
time,

TROUBL ESHOOTING EXAMPLES
EXAMPLE 1 - NO SPOT

There are a number of possible reasons why
no spot (or line) appears on the oscilloscope.
The trouble is either from a faulty CRT, no
high voltage, an incorrect voltage onthe cathode
or grids of the cathode ray tube, or from an
incorrect voltage in the horizontal or vertical
output amplifiers which has pulled the spot so
far off to one side that it cannot be seen on the
screen,

The first checks to be made in this case are
visual ones: To look for any obvious malfunc-
tions such as burned parts, and to check the
tubes to make sure that the filaments are lit,

The next step is to remove the low voltage
rectifier tube and turn on the oscilloscope, If
a spot appears, the trouble is in either the
vertical or horizontal amplifier, (When the low
voltage power supply is disabled, the beam
can no longer be pulled off the face of the
cathode ray tube.)
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If replacing the low voltage rectifier and remov-
ing the horizontal output tubes does not cause a
spot to appear on the cathode ray tube, the hori-
zontal amplifiers are not pulling the spot off the
screen, and the fault is most likely in the vertical
amplifiers,

EXAMPLE 2 - NO HORIZONTAL SWEEP

The search for difficulty in this case also

starts with visual checks, If nothing abnormal is
seen during the visual check, the next step is
to check the horizontal amplifier, Place the
horizontal frequency selector in the horizontal
input position and connect a sine-wave voltage
to the horizontal input posts, If a horizontal
sweep appears, the horizontal amplifier is op-
erating properly and the difficulty is in the
horizontal oscillator sweep generator circuit,

CHAPTER 2

Internal Adjustments

Vertical Attenuator Adjustments

In most oscilloscopes the vertical input con-
nects directly to the vertical attenuator circuit,
Here the input signal is accurately divided into
smaller voltages, This circuit is used for a
coarse adjustment of the vertical amplitude of
the input signal., From the attenuator, the signal
is connected through the switch to the vertical
amplifier,

STRAY CIRCUIT

INPUT 4CAPACITY
O T
]
121410 100Kk _l_'/
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1

GRD
Figure 5-7

Figure 5-7 is a simplified drawing of a vertical

attenuator circuit, The precision resistors di-

vide the input signal so that either the full signal

or a portion of the signal can be selected by the
switch, These resistors divide the signal satis-

factorily at lower frequencies, but at higher
frequencies stray circuit capacities, shown by
the dotted capacitors in Figure 5-7, begin to
bypass some of the input signal, making the
divider steps inaccurate, To overcome this
inaccuracy, the fixed capacitor and trimmer
capacitor are added to the circuit, These ca-
pacitors are so much larger than the stray ca-
pacities, that the stray capacities no longer
affect the circuit, The trimmer capacitor that
has been added must then be adjusted to com-
pensate for the individual stray capacities of each
oscilloscope,

Figure 5-8 shows what happens when the vertical
attenuator trimmer capacitor is adjusted, At the
center of the figure is a response curve that
shows the desiredresponse inthe circuit, and al-
so shows what happens when too much or too little
capacity is present,
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An ideal waveform for adjusting this attenuator
is the square wave, shown in Figure 5-8, If this
square wave were connected to the input of the
oscilloscope, and the trimmer were adjusted
to the correct point, the leading edge of the
waveform would be square as shown by the solid
line, If the trimmer capacitor were adjusted
to have too little capacity, the high frequency
response would fall off, and the leading edge of
the square wave would be rounded off, In this case
the circuit would be said to be "under compen-
sated.,"

In the other case, if the trimmer capacitor had
too much capacity, the response of the circuit
would increase at higher frequencies, and the
leading edge of the square wave would tend to
overshoot as shown, This condition is called
"overcompensation."

TOO LITTLE TRIMMER CAPACITY

G e

LEADING EDGE
ROUNDED OFF

In oscilloscopes, the attenuator circuit can also
be adjusted using the sawtooth waveform of the
oscilloscope itself. In this case, the waveforms
would look like the sawtooth waveforms in
Figure 5-8, except that only the diagonal part
of the-line would be seen on the oscilloscope.

Other Adjustments

Since there are so many different types of oscillo-
scopes, it would be impossible to describe all
the internal adjustments on all of them, In gen-
eral, you must refer to the manual received with
your oscilloscope for correct instructions on
making adjustments,
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An exception to the above rule would be those
cases where a control that is generally a front
panel control has been made an internal ad-
justment, An example of a control of this nature
would be the spot shape control found in some
oscilloscopes, This control, also called an
astigmatism control, is often located on the
front panel; it is adjusted to make the spot in the
center of the screen as round as possible, In
some oscilloscopes, to make the front panel as
simple as possible, the focus control is also
located on the chassis, instead of on the front
panel,

Do’s and Don'ts

DON'T leave a bright stationary spot on the
screen; in time this would burn away some of
the phosphor on the screen,

DON'T connect very high voltages to the oscillo~
scope inputs without using a high voltage probe,.
The signal input plus any DC voltage present
should not exceed the voltage rating of the AC
input blocking capacitor, This voltage rating is
usually 600 volts,

DON'T overload the vertical amplifier of the
oscilloscope with too large a signal, or the sig-
nal display on the CRT will be distorted, Re-
duce the amplitude, using the vertical attenuator
switch and the vertical gain control.

DO use the proper signal input probes, Although
the input impedance is high and the input ca-
pacitance is low in modern oscilloscopes, many
circuits can be loaded down by the input of the
oscilloscope when it is connected into the cir-
cuit, When necessary, use the correct probe with
your oscilloscope to prevent adverse effects in
the circuit being checked,

DO use plenty of grounding straps when using
the oscilloscope for alignment purposes, Check
the need for additional grounds by touching the
chassis of the unit being aligned with your hand,
Keep the other hand in your pocket, If the
response changes, shift the ground connection
or add more connections until the response
does not change when the chassis is touched,
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You have spent many hours examining the in-
terior and exterior of your oscilloscope; youhave
learned the proper display of waveforms, and
you have performed basic measurements with
the oscilloscope, Now is the time to apply your
understanding of the oscilloscope to some of the
many uses for which it was designed,

In Part VI you will find information and tech-
niques about: waveform measurements; access-
ories for the oscilloscope; special types of
scopes; servicing; audio equipment; amateur
radio; photography of oscilloscope waveforms;
and teaching applications. The purpose of this
material is to make you aware of the many
possible applications, and to stimulate you to
use your oscilloscope effectively,

Make the best use of your oscilloscope by using
it constantly, The oscilloscope is a rugged and
durable test apparatus, Its many controls help
you make it more versatile, Let the oscilloscope
work for you.

Increase your familiarity of the oscilloscope
and knowledge of other circuits by observing
waveforms from common electronic equipment,
Observe waveforms in the different sections of
your AM or FM radio, hi fi equipment, or test
equipment in normal operation, This will help
you to see new uses for the oscilloscope and to
learn how these circuits function., You will be
able to troubleshoot this equipment later if
trouble develops, It is much easier to recog-
nize faulty waveforms if you know what the
right waveforms look like,

You will find it helpful to review some of the
previous material in Part II and Part IV where
it applies to the procedures in this chapter,
For example; Experiment 3-3, Chapter 3 of Part
III, and the Introduction To Part IV will be
helpful for "Calibrating the Oscilloscope as a
Voltmeter,"
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W. rweform Measurements

Valid conclusions of circuit testing with an
oscilloscope depend on your correct interpre-
tation of the waveforms, The purpose of this
chapter is to examine different waveform meas-
urements, This includes measuring voltages,
frequency, phase shift, polarity, and time, Some
of the measurements may seem difficult the first
time you try them, But, if you study the pro-
cedure carefully and learn to make these
measurements, the value of your oscilloscope
to you will be increased greatly,

Calibrating the Oscilloscope with a Voltmeter

AC voltage scales on most voltmeters are cali-
brated to measure only sine waves of voltage
correctly, A peak-to-peak voltage scale will
measure other waveforms, but this will often
be inaccurate if the waveform is distorted, An
oscilloscope, however, can be used to measure
the peak-to-peak value of almost any type of
waveform, while it shows the actual waveform on
the cathode ray tube,

Figure 6-2 shows a method that can be used to
calibrate an oscilloscope to read voltages, Con-
nect a source of undistorted sine waves of AC
voltage, and an AC voltmeter, to the vertical
input of the oscilloscope,

Adjust the AC calibrating voltage so the meter
shows a voltage that is somewhat larger than the
largest voltage you expect to measure, You must
determine the peak-to-peak value of this voltage,
Do this either by reading this value directly
from the peak-to-peak meter scale or by using
the regular AC voltage scale of a meter and
multiplying the reading by 2.82; this will con-
vert it to peak-to-peak voltage,

Adjust the oscilloscope so the sine wave is posi-
tioned exactly across a group of the grid lines
that run horizontally on the screen, See Figure
6-3. These lines can then be used to indicate
the amount of voltage in the test waveforms
you connect to the oscilloscope, This completes
the calibrating procedure of the oscilloscope,

@

AC
SOURCE = Ac 8 g 8
CALIBRATING 0.0
VOLTAGE QX GO
> O O o O
VERTICAL
INPUT

Figure 6-2
The following example shows how the above pro-
cedure could be used, See Figure 6-3,

The waveforms to be measured in this example
are between 1 volt and 18 volts, so use a peak-
to-peak calibrating voltage of 20 volts, First
adjust the AC source until the peak-to-peak
meter indicates 20 volts, (If you read this volt-
age on the regular AC voltage range of the meter,
you: will have to adjust the AC source to an
amount of voltage, that when multiplied by
2,82, will equal 20 volts. 20 volts divided by
2.82 is equal to 7,08, Therefore, you will read
7.08 volts on the regular range of the meter.)

SINE WAVE OF

CALIBRATING
VOLTAGE

—=— 20V
PEAK-TO-PEAK

—=ON

—=—ov

Figure 6-3

Next adjust the vertical controls of the oscil-
loscope so this 20 volts peak-to-peak sine wave
extends vertically for twenty units on the grid
screen of the oscilloscope, When the bottom of
any test waveform is placed on the bottom one
of these grid lines, each unit above it will
indicate 1 volt, A test waveform that is five
units high is then equal to 5 volts peak-to-
peak.
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The oscilloscope is now calibrated and ready to
use, Be careful not to disturb adjustments of
the vertical amplifiers since this would disturb
the calibration, Adjust only the vertical cen-
tering control so the bottom of each waveform
to be measured is even with the bottom of the
calibrating lines,

Measurement of Frequency

A very crude measurement of frequency can be
made by setting the sweep frequency controls
for a one-cycle waveform, Then read the
approximate frequency from the control settings
on the front panel of the oscilloscope,

A more accurate method makes use of special
oscilloscope waveforms (see Figure 6-5) that
are called Lissajous figures, Figure 6-4 shows
a test setup that will produce these figures, The
sine wave signal of unknown frequency is ap-
plied to the vertical input, and a sine wave of
known frequency is applied to the horizontal
input of the oscilloscope. The horizontal fre-
quency selector of the oscilloscope is set to the
external input position, thus the sine wave from

the generator replaces the sawtooth waveform
from the sweep circuit of the oscilloscope, When
two sine waves are applied to the oscilloscope
in this manner, Lissajous figures are pro-
duced,

To measure an unknown frequency, adjust the
sine wave generator until the pattern in Part A
of Figure 6-5 is displayed on the oscilloscope
screen, The frequency of the unknown signal is
then the same as that from the sine wave
generator, The accuracy of the measurement
is as good as the accuracy of the sine wave
generator,

For measuring frequency, the frequency range
of the generator can be extended by using more
complex Lissajous patterns, Part B of Figure
6-5 shows typical patterns when the test and
known sine waves are not of the same frequency.
The frequency of the test signal can be calcu-
lated by: fx - Thxf

v

where fx is the unknown frequency; f is the
known frequency; th is the number of loops
which touch the horizontal tangent line; Tv is
the number of loops which touch the vertical
tangent line.

HORIZONTAL TANGENT LINE (T)

Lo
VERTICAL Figure 6-5
TANGENT
LINE (T,)-»
B Cc D E

E=F/2 E=2F

E=3F E=2/3F

F=UNKNOWN FREQUENCY
F=KNOWN FREQUENCY FROM GENERATOR
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Phase Shift

The term ''phase' refers to a fractional part of
one cycle of voltage (or current). "Phase shift"
refers to how far apart the phases of two
voltages are at any given instant; that is, at
what part of the cycle is one voltage with ref-
erence to the other,

Phase shift is usually expressed in degrees,
from 0 to 360 degrees, If the two voltages
start out in the same direction (+ or -) at the
same instant, they are said to be "in phase"
and the phase shift is zero degrees, If one
voltage starts to go negative at the exact
instant the other voltage starts to go positive,
there is said to be a 180 degree phase shift
between them,

The measurement of frequencies also suggests
a method of measuring the phase change of a sine
wave, A small change in the procedure for meas-
uring frequency will show how signals in an
amplifier change phase relationships at different
frequencies, Figure 6-6 shows a typical setup
for the phase shift measurements, The output of
the sine wave generator is connectedto the input

of the Amplifier and to the horizontal input of
the oscilloscope, The output of the amplifier is
connected to the vertical input of the oscillo-
scope.

The frequency of the sine wave generator should
be varied over the entire frequency range of the
amplifier, Midrange frequencies will show the
least phase shift; therefore, it is better to start
the measurement at the middle frequencies, and
to observe the increase inphase shift as the fre-
quency is reduced or increased to the frequency
limits of the amplifier,

Phase shifts of 0 and 180 degrees, which appear
as straight diagonallines, are easily recognized,
For values between 0 and 180 degrees, a simple
mathematical relationship will give the phase
angle, Refer to Figure 6-7, When the ellipse is
properly centered on the vertical andhorizontal
axes, the distance from the origin (intersection
of the two axes) to where the ellipse intercepts
the horizontal axis is measured, This is dis-
tance B in Figure 6-7, This measurements may
be in fractions of an inch, in centimeters, or
in any arbitrary units, Next, measure the dis-
tance from the vertical axis to a tangent to the
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maximum horizontal point on the ellipse, Use
the same units of distance as before, Finally,
the ratio of B to A gives the sine of the phase
angle, In other words:

%= sin @, where @ is the phase angle

Any standard handbook or set of mathematical
tables will contain a sine table where you can
look up the angle corresponding to the ratio of
B to A.

Polarity

It is important to know whether a positive
vertical input signal deflects the spot upward or
downward, Either condition may exist, depending
on the number of vertical amplifier stages in the
oscilloscope and exactly how the vertical de-
flection plates are connected to the amplifier,

A simple procedure can be used for check-
ing the deflection polarity of most oscillo-
scopes, An ordinary flashlight cell can be used,
Connect the negative base of the cell to the
ground terminal of the oscilloscope, Adjust the
oscilloscope for a horizontal trace, Touch the
positive cell terminal to the vertical input test
lead while watching the oscilloscope screen
closely, The line trace will be deflected either
up or down and then return to center,

If the deflection is upward, the positive portion
of any observed signal will appear on the upper
part of the oscilloscope screen, and vice versa,

On some oscilloscopes the symbol 4 is used
to denote the direction of deflection by apositive
signal,

Time

When studying complex waveforms, the length
of time of a pulse, or one complete cycle is
often needed, Some elaborate oscilloscopes have
provisions for measuring time directly in micro-
seconds per unit of deflection, A general purpose
oscilloscope without this feature can be cali-
brated easily for this specific application as
follows: Connect a signal generator to the
vertical input terminal of the oscilloscope, The
frequency of calibration can be determined by:

T = 1,000,000
frequency

where T is time in microseconds for one cycle,
Adjust the sweep until one cycle occupies a fixed
number of squares on the oscilloscope scale,
When adjusting the oscilloscope sweep, use as
little sync as possible and obtain the single cycle
by carefully adjusting the fine frequency control.
This procedure insures that the oscilloscope
sweep is at the correct frequency,

As an example, if the calibration signal is 50 kc
and the oscilloscope sweep is adjusted so one
cycle occupies 10 horizontal spaces onthe scale
of the screen, then each space represents 2
microseconds, Then, after the signal generator
is disconnected, if a test pulse is observed and
it rises from 10% to 90% of its peak value in 1/4
of one space on the horizontal scale, its rise
time is 0.5 microsecond., While this method
of measuring rise time may be used, the re-
sults will not be accurate due to some insta-
bility in the sweep oscillator,

Repeat the measurements described in this
chapter as time allows, When you become fa-
miliar with them you will find your oscillo-
scope to be a more useful tool,



Page 142

Part VI

e )

CHAPTER 2

Accessories and Speciczl Oscilloscopes

Accessories are available to increase the use-
fulness of the general purpose oscilloscope.
Oscilloscope accessories range from simple
test probes to complex electronic switches,

Many oscilloscopes are available that have
special features built into their design, These
special oscilloscopes incorporate such items
as DC amplifiers, electronic switches, cali-
brated time base sweeps, and triggered sweeps.
The reason for some of these features will be
discussed in this chapter,

Some items of electronic equipment are more
useful when used with an oscilloscope, but are
not generally classed as accessories, Items
such as AF and RF sine and square wave gen-
erators and sweep generators are discussed
in respect to their use with oscilloscopes.

Probes

The simplest type of probe is the test lead,
Test leads are convenient lengths of wire with
appropriate tips to fit the input jacks of the
oscilloscope on one end, and clips or some
other convenient means for attaching to the
test circuit on the other end,

Since the oscilloscope inputs have high im-
pedance and high sensitivity, the test leads

may be shielded to avoid pickup of stray sig-
nals,

Shielded test leads add capacitance in the input
circuit, often as much as 75 ppf, Low capaci-
tance probes can be used when capacitance-
adding shielded leads cause distortion. Elec-
trically, the low-capacitance probe consists
of a very large resistance, shunted by a small
variable capacitor, Most probes have an ad-
justment to balance out the probe's input ca-
pacity,

To extend a low-frequency oscilloscope's range
for use in RF and IF circuits, such as in
TV, a RF probe is available, The RF probe
has two major characteristics, The first is low
capacitance to prevent detuning the test
circuit, The second is adetector or demodulator
for converting the modulated high frequency RF
or IF signal to video or audio, or to DC in the
case of pure RF such as a carrier or generator
signal, Figure 6-8 shows a typical circuit for a
RF probe, The use of this probe in some circuits
is limited by the DC voltage rating of the blocking
capacitor, and by the AC voltage limit of the
crystal diode, When a RF probe is being used,
the waveshape of the modulation can be seen,
but the waveshape of the RF signal can not be
seen,
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Voltage Calibrators

Separate voltage calibrators are available for
general purpose oscilloscopes. A voltage cali-
bration instrument serves the same purpose as
the oscilloscope calibration circuit described
in Chapter 1 of Part V. The advantage of a
voltage calibrator over the procedure described
in Chapter 1 is its ease and speed of operation,
Consult the manufacturer's manual for proper
operation,

Electronic Switches

An electronic switch makes it possible to
display two waveforms at the same time on
the oscilloscope screen, It does this by first
connecting one signal to the oscilloscope input
and then switching to the other signal, The pro-
cess is repeated at a high rate to give the
impression of two separate waveforms,

Often, waveform observations are more conven-
ient or easier to analyze when viewing two related
voltages simultaneously, For example, compari-
sons can be made between the same signal at
two different points in a circuit, This permits
observing the effect a segment of the circuit
has on the signal, A comparison of phase shift
between the input and output of a circuit can be
made,

The electronic switch generally consists of two
amplifiers and a multivibrator, The symmetrical
multivibrator is used to drive first one then
the other amplifier to cutoff, The amplifiers
generally have a common plate load sothatfirst
one then the other signal appears at the same
output, The frequency of the multivibrator is
controlled with RC circuits in much the same
manner as the multivibrator in the oscillo-
scope,

For most popular switches, the switching rate
is not related to signal frequencies, This is
"chopped operation" and converts the signal
into a square wave with amplitude modulation
of a sort, Thus DC signals can be displayed on
an AC scope (with loss of the DC zero refer-
ence). Another common mode used mainly as an

integral part of the oscilloscope is ''alternate
sweep' where the switching rate is half the
sweep rate. This is particularly valuable in
oscilloscopes with driven sweeps for observa-
tion of two signals not synchronized and har-
monically related,

Sigual Generators

Signal generators can be used without oscillo-
scopes but they are often more valuable in con-
nection with oscilloscopes, Because they are so
often used with oscilloscopes they are included
here as an accessory.

Signal generators include sine wave, square
wave, sweep, and pulse generators. These
instruments are often used to provide a signal
that will best bring out circuit performance, The
oscilloscope will display wave shape irregu-
larities as well as the change of amplitude of
the waveform,

Sine wave generators are divided intotwo areas,
audio and radiofrequencies, The audio generator
frequency range is approximately 20 to 100,000
cps., The audio generator is used mainly for
checking amplifier characteristics such asphase
shift, output power, distortion, amplification,
and frequency response,

It takes several radio frequency generators
to cover the entire frequency range now in
use. RF generators are used in alignment,
signal tracing, frequency measurements, re-
sponse curve marking, and many more appli-
cations,

The sweep generator is generally a RF gen-
erator that can be varied in frequency above and
below a reference frequency, The more com-
mon sweep rate is 60 cycles per second, This
is done by applying the sweep voltage to a re-
active element in a RF oscillator. In this
way, the RF oscillator repeatedly sweeps through
its frequency range, once for each cycle of the
sweep frequency,
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The sweep generator provides, with the help of
an oscilloscope, a quick and convenient means
of displaying the frequency response curve of a
tuned circuit, or other frequency-discriminating
circuit, This procedure is very useful in FM
and TV servicing and alignment,

Transducers

Transducers are instruments which convert
other forms of energy such as light and sound
into electrical energy. The cartridge in the
tone arm of a phonograph is a transducer that
converts mechanical energy into electrical en~
ergy. Microphones convert sound energy into
electrical energy,

A transducer when used with an oscilloscope,
allows you to examine many physical variations
of energy by converting them into electrical
signals, Some common types of transducers are:
photo-cells, which measure light; displacement
transducers to measure very small movements;
pressure transmitters to measure pressure;
thermocouples to measure heat; strain gauges
(with amplifiers) to measure strains in metals;
and many others, For an example, the vibra-
tions of a washing machine can be seen by
attaching a displacement transducer to it and
connecting the circuit of the transducer to the
oscilloscope, From such a visual display, an
engineer can often pinpoint the source of the
vibrations and thus reduce them to a minimum,

Special Oscilloscopes

The main purpose of this manual is to describe
the general purpose oscilloscope, but the user
of such an instrument should also be aware of
special purpose oscilloscopes thatare available,

Such oscilloscopes are the same in principle
as the general purpose oscilloscope, but include
added features that increase the quality and the
range of some oscilloscope functions,

DC Oscilloscopes

DC oscilloscopes are oscilloscopes that use
DC coupled amplifiers instead of AC coupled
amplifiers like those in Chapter 4 of Part IV.
All coupling capacitors are eliminated in DC
amplifiers; this allows the amplifier to faith-
fully reproduce very low frequency waveforms
and DC level changes,

There are many places where very low fre-
quencies make DC oscilloscopes necessary in
many transducer applications, such as in test-
ing for mechanical vibration, 60 cps would be a
relatively high frequency, Lowfrequency square
waves, and many low frequency pulse applica-
tions also require the use of a DC oscilloscope
to eliminate low frequency distortion,

Triggered Sweep Oscilloscopes

A feature that is extremely useful in certain
modes of operation, such as in pulse work, is
the triggered sweep circuit. In this circuit,
the multivibrator is not free running as in the
general purpose oscilloscope. The triggered
multivibrator is designed to fire only when an
outside pulse is applied to the circuit, The mul-
tivibrator functions for one cycle and then waits
for the next pulse totrigger itfor the next cycle,
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Figure 6-9 shows how the transient waveforms
caused by the closing and opening a switch might
look, first without and then with trigger sweep.

Much of the time during the sweep, nothing of
interest happens, Much of the screen is used
up waiting for the waveform to occur, If closer
examination is desired, increasing the horizontal
gain may not help as the waveform may be lost
completely in "off-screen' time.

The triggered sweep circuit will not sweep until
the first portion of the waveform comes along,
Increasing the horizontal gain will expand the
waveform without losing it during '"off-screen
time,

Since the sweep is started only when the signal
pulse comes through, some of the information

DELAY VERTICAL
CIRCUIT AMPLIFIER

may be lost from the leading edge, To prevent
this, a small delay of the signal pulse by elec-
tronic circuitry permits it to be applied to the
vertical plates slightly after the start of the
sweep, See Figure 6~10,

Other Types of Oscilloscopes

Additional features, such as cathode ray tubes
with long persistence screens, and plug-in
vertical amplifier units for AC, DC, or special
purpose operation, are built into some scopes,
Many of the accessories described in this
chapter are also included as standard features
in some oscilloscopes, Oscilloscopes are also
available for special purposes such as in radar
applications or in engine analyzers.

INPUT

TRIGGERED
SWEEP

Figure 6-10
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CHAPTER 3
Use of the 05cilloscope in Radio-TV-FM Service Work

Basic principles of troubleshooting are given
in Part V on servicing the oscilloscope. These
general principles apply equally well to all
areas of electronic servicing and should be re-
viewed before starting this chapter,

The oscilloscope is a time-saving instrument
in dynamic testing such as set alignment, check-
ing set performance, signal tracing, locating
faulty circuit elements, finding sources of hum

and distortion, and other general troubleshooting,

Dynamic testing is testing under operating con-
ditions,

It is strongly recommended that servicing with
an oscilloscope be preceded by examination
of equipment in good working order. First, this
will give you valuable experience with correct
oscilloscope patterns, Only if you know correct
test patterns can you recognize faulty patterns,
Second, this will give you a better knowledge of
additional circuits, It is easier to serviceacir-
cuit that is thoroughly familiar, Your personal
AM and FM receivers, test equipment, and TV
could provide the necessary experience, You
must remember that high voltage danger exists
in TV receivers, as in oscilloscopes, and one
"hand in the pocket" is a good safety measure,

Circuit descriptions and schematics with wave-
form patterns at test points are available, Such
information for most receivers is available
from such service organizations as Rider and
Sams,

This chapter will give you examples of how the
oscilloscope can be used as a service instru-
ment, Specific details about the equipment being
serviced are not given as these are obtainable
from the circuit diagrams, For example, to
service your TV receiver you need the circuit
schematic for that particular make and model,
You will also need the manufacturer's manual
for the sweep generator you use if you align
the TV set,

Finding Receiver Faults from Oscilloscope Patterns

Oscilloscope patterns often indicate the source
of trouble in a circuit by the way a test signal
is altered, A properly AF modulated RF sine
wave reveals the source of trouble by a recog-
nizable pattern change,

Figure 6-11 shows an example of how the sine
waveform may appear in a faulty AM radio re-
ceiver, In Figure 6-11, Parts 1, 2, 3 and 4 are
obtained on the screen of the oscilloscope when
the oscilloscope vertical input is connected
across the speaker voice coil, An amplitude-
modulated signal is applied to the antenna and
ground terminals of the receiver, or a sine
wave is applied to the input circuit of the audio
amplifier circuit of the receiver. The oscillo-
scope would display a normal sine wave if the
receiver is working properly,

wer U
{TIRAR A\

Figure 6-11
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If the signal pattern looks like Part 1 or 2 of
Figure 6-11, this may indicate "hum.," Common
sources of hum at line frequency (60 cps) are
defective tube cathodes, heater-cathode short
circuits, open grid circuits, misplacement of
heater wiring or ungrounded or unbypassed tube
heaters, Hum that is twice the line frequency
(120 cps) is often due to trouble in the power
supply filter section, This type of hum could be
caused by an open filter capacitor or a filter
capacitor too low in capacitance,

Parts 3 and 4 of Figure 6-11 shows overloading
of the audio amplifier, Possible sources of
overloading are incorrect grid bias voltage, too
large a signal applied to the grid of an ampli-
fier stage, and for push-pull, one tube mal-
functioning,

Parts 5 and 6 of Figure 6-11 are obtained with
a FM signal generator connected for alignment
(alignment will be discussed later in the Chap-
ter). These curves should be smooth and coinei-
dent, Part 5 is usually due to noise or outside
signal pickup. The two irregular curves of Part
6 that will not merge give evidence of regen-
eration or local oscillation in the circuit, This
could be caused by a coupling capacitor having
changed value,

In the same manner, the equipment above can be
used for signal tracing by moving the oscillo-
scope probe from point to point through the
circuit, A modulated RF signal must be applied
to the input of the receiver and the proper
probe used for the section of the receiver being
checked, The signal is traced from the antenna
input to the speaker, Insufficient gain or dis-
tortion in any stage is quickly seen inthe oscil-
loscope pattern,

Test and Power Supplies

The oscilloscope will quickly show difficulties
in the power supply. Connect a DC blocking
capacitor in series with the '"high" vertical
input terminal of the oscilloscope if the DC
voltages in the circuit to be checked exceed
the DC blocking capacitor rating on the oscillo-
scope, Place the probe, in succession, at each
plate of the rectifier and before and after
each capacitor in the filter network, Failure
of the ripple height to lessen after each check
point in the filter may point out the defective
part,

Circuit Alignment

Visual alignment of receiver circuits permits
you to see a complete response curve on an
oscilloscope screen that would take much time
and tedious effort to plot point-by-point with a
voltmeter, Visual alignment also allows you to
immediately see the effects producedby changes
in adjustments,

There are several tuneable circuits in the
average radio or TV receiver, Usually they
are designed to accept or reject certain fre-
quencies so that these frequencies can be ampli-
fied or eliminated entirely, The adjustment of
these tuned circuits for proper performance is
called alignment,

The procedure for alignment of AM, FM, and
TV receivers are the same in principle, The
FM alignment procedure is taken as typical and
is illustrated here, Figure 6-12 shows a block
diagram of the hookup procedure for FM align-
ment, The equipment needed is a sweep gen-
erator, marker generator (if not built into the
sweep generator), the FM receiver to be aligned,
and your oscilloscope.
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Part VI

Preparation for visual alignment includes con-
necting the sweep generator, FM receiver, and
oscilloscope as in Figure 6-12, The RF sweep
generator repeatedly sweeps across a whole
band of frequencies, and this signal is applied
to a point ahead of the circuits to be aligned,
The oscilloscope vertical input is connected to
some point following the circuits to be aligned,
usually after the detector in the receiver,

The signal from the sweep generator must be de-
tected (this is usually done in the receiver)
before it is connected to the oscilloscope,
Detection is necessary because the sweep gen-
erator is usually set to cover a band of fre-
quencies that are beyond the range of the oscil-
loscope vertical amplifier, The oscilloscope
then shows the response of the receiver circuits
to all the frequencies being presented by the
sweep generator,

Usually the oscilloscope is adjusted for line
sweep (60 cps sweep). For IF alignment, the
sweep generator and marker generator are set
at the intermediate frequency (IF) used (gener-
ally 10,7 me) in FM receivers,

MARKER
GENERATOR

=l

SWEEP FM

GENERATOR RECEIVER

db

Figure 6-12

The amplitude of the audio signal obtained from
the detector circuit is determined by how far
the IF signal varies from 10.7 mec, The fre-
quency of the audio signal is determined by the
number: of times per second the IF signal dev-
iates from 10.7 me,

The sweep generator supplies a signal that is
continuously changing through a range of fre-
quencies, The width of this frequency range is
controlled by the sweep width control; the
center frequency of the sweep is controlled by
the main tuning control of the sweep generator,
The pattern seen on the oscilloscope is a graph

RECEIVER AMPLIFICATION —&

= s

that shows receiver amplification as vertical
deflection, and frequency variation as hori-
zontal deflection,

Additional signals from an accurate RF gen-
erator, called a "marker generator' are also
inserted into the receiver, These marker sig-
nals are used to accurately mark the exact
position of important frequencies on the re-
sponse curve,

Figure 6-13 shows typical response curves for an
FM circuit with marker signals to show the
approximate width of the curves in megacycles,
Part A shows the response curve for the IF
stages, and Part B that for the ratio detector
stage,

10.7 MC
(CENTER F\REQUENCY)
10.6__—e)¥\<— 10.8 MC 10.6 MC
MC
10.3 1.1 10.7MC
MC H.AMC (CENTER FREQUENCY)
FREQUENCY —"
10.8 MC
PART A PART B
Figure 6-13

The curves should be symmetrical on either
side of the 10.7 mc center frequency, The 10.7
mc marker signal, should remain at the center
of the curve, to indicate the center frequency,
The IF stages amplify all frequencies around
10.7 mc equally well and reject all other fre-
quencies, This is indicated in Part A of Fig-
ure 6-13 by a flat top curve with steep sides,

The ratio detector stage must handle the fre-
quencies on both sides of 10,7 me equally well,
This is indicated by a straight line from 10,6
mc¢ to 10,8 mec in Part B of Figure 6-13, If this
line is not straight, the amplitude of the audio
signal will be limited and loud sounds will be
distorted,

A typical step-by-step alignment procedure for
the FM tuning section through the audio detec-
tion of a FM receiver is given in Figure 6-14,
Figure 6-15 is a typical FM circuit with which
this alignment procedure can be used,
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CHAPTER 4
Audio and HiFi Applz'mz‘z'ons

Audio frequency circuits are widely used in
broadcasting, receiving, hi fi, public address
systems, recording instruments, and in indus-
trial and scientific laboratories, The oscillo-
scope is a very useful instrument in checking
the performance of audio circuits. This chapter
will discuss many methods of testing audio cir-
cuits with your oscilloscope and how to detect
particular faults,

Oscilloscopes are used to determine frequency
response, phase shift, tone control action,
stability, equalization patterns, distortion, plus
other specialized checks,

A %

Testing audio circuits consists primarily of
applying a known signal and interpreting the
resulting waveform, Sine wave, square wave
and sweep frequency generators are used (in-
dividually) with the oscilloscope for making tests,

Sine Wave Texting

An audio signal generator applies a sine wave
of variable amplitude and frequency to the input
of the audio circuit, For best results, proper
input impedance matching and output loading
of the audio circuits must be used, Figure 6-16
shows an audio generator connected to a single
amplification stage, Figure 6~17 shows anaudio
generator connected to a complete audio ampli-
fier,

_T_ AN Bt

A F GENERATOR

-~
;TO NEXT STAGE
L.yd , A
_”_‘ __) S 1
©
) < ; )
’__I S
i L Ao
O o Qg
e O O
O »0o0
e S
16

Figure 6~
O
(C—\ O
O
e 0

e A

: o 9 ©
o Br s R e o 0. 0
0D © & Q9 g . 090300
® ° B O O O O

A F GENERATOR AMPLIFIER UNDER

TEST
EXTERNAL SYNC
SIGNAL

Figure 6-17



SWEEP GENERATOR

5
fod K, ©
] [N ®2
i | Wi Lan ><
IR =3

‘{ 2NOLF. Al

ISTILF. AMP

AFC

-15

Figure 6




OSCILLOSCOPE

= 2o

(r o
©

@),

O

& S o R &
% S
5 5 0%
L0 O 9

172 6BN8

V5 A [ AN RN 1
I
RATIO DETECTOR |

V5B
1/2 6BN8 1
CATHODE FOLLOWER _—Ei) STEREO

MI—J
® B

IMEG
VOoLumeE




Page 150

Part VI

The test of an amplifier's fidelity is the degree
of similarity between the input and output signals,
The output waveform is almost never exactly the
same as the input waveform,

The changed test waveform at the amplifier
output is a complex waveform that consists of
two or more simple waveforms, For example,
if a 60 cps sine wave and a 120 cps sine wave
are mixed together, a new waveform is pro-
duced, Figure 6-18 shows the two sine waves,
where both are of the same amplitude and same
phase, The 120 cps waveform is twice the
frequency of the 60 cps waveform and is
called the second harmonic, A 180 cps wave-
form is the third harmonic,

When amplifier circuits are not operating prop-
erly, unwanted harmonic waveforms are im-
pressed on the signals connected to the ampli-

& == ar==iT)

fier. This causes the waveshape of the signal to
be altered, and therefore distorted, just like the
60 cps sine wave in Figure 6-18 was distorted
by adding the 120 cps sine wave to it, This type of
distortion is called "harmonic distortion,"

The complex waveform that is produced would
sound different from the 60 or 120 cps wave-
form, Any such change in waveforms is called
distortion, Figure 6-19 shows a few examples
of distortion patterns obtained in audio ampli-
fier testing, For example, Parts D and G of
Figure 6-19 show second harmonic distortion,
This would indicate improper grid bias or
too small a plate load resistor in one or more
of the amplifier stages,

Various phase changes could further distort
the patterns in Figure 6-19,

AVAVRITITITARVAVAY,

60 CYCLE WAVEFORM

120 CYCLE WAVEFORM

COMPLEX WAVEFORM

Figure 6-18
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R VAVAUARNIVIVIRAVAY

SINE-WAVE  LOW BIAS HIGH BIAS
INPUT SIGNAL
(A) (8) C)

10% 10% APPROX. 20%
2ND HARMONIC 3RD HARMONIC 3RD HARMONIC
DISTORTION DISTORTION DISTORTION
D) (E) (F)

VW AN WL T

PRONOUNCED PRONOUNCED PRONOUNCED  OVERLOADING PRONOUNCED

2ND HARMONIC ~ 3RD HARMONIC ~ 4TH HARMONIC OF GRID JUST OVERLOADING

DISTORTION DISTORTION DISTORTION STARTING DISTORTION
(G (H) m DISTORTION K

(N]]

DISTORTION PATTERNS OBTAINED IN AUDIO AMPLIFIER TESTING

Figure 6-19

Square Wave Testing

An introduction to the use of square waves is
given as an experiment in Part IV. The square
wave is a complex waveform composed of many
sine waves, a fundamental andall itsharmonics,
The square wave test permits, in one operation,
the testing of many frequencies, from 1/10 to
10 times the fundamental frequency, A few
settings of the fundamental frequency on the
square wave generator will give results com-
parable to a wide range of frequencies, Settings
of 100 cps and 10 kc would check the frequency
response curve for an amplifier from 10 to

100,000 cps.

e, B

The physical hookup is similar to that for the
sine wave generator, as in Figure 6-17, Figure
6-20 shows response patterns that might be ob-
tained with the square wave test and what they
indicate, For example, Part G of Figure 6-20
shows an example of ringing in an amplifier,
Ringing is a form of oscillation that dies out
quickly, The steep wavefront of the square wave
can jar unstable amplifiers into ringing, A loud
high frequency note of music or a pulse of
fast rise time would do the same thing. The
ringing frequencies are often higher than the
audio range but may react with the audio signal
to cause distortion,

S

SQUARE WAVE PRONOUNCED MODERATELY SHARP
INPUT SIGNAL HIGH FREQUENCY PEAK AND LOW FREQUENCY CUTOFF.
(A) LOW FREQUENCY CUTOFF SMALL HIGH FREQUENCY
"BUMP"
)

Bt

REASONABLY FLAT OVERALL FREQUENCY
RESPONSE, WITH GRADUAL FALLING OFF
AT LOW FREQUENCY END.

(D)

e

HIGH FREQUENCY CUTOFF
(F)

" afigo] 4

FLAT OVER ALL FREQUENCY RESPONSE.
WITH NEGLIGIBLE DROP AT LOW FRE-
QUENCY EXTREME AND SMALL EX-
TREME HIGH FREQUENCY RISE.

(E)

RINGING
G

RESPONSE PATTERNS OBTAINED IN SQUARE-WAVE TESTING
OF AUDIO AMPLIFIERS.

Figure 6-20
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Phase Testing

The oscilloscope trace produced in checking
phase relationship from the input to the out-
put of an amplifier gives valuable information
about the distortion of the circuit, Phase shift
causes trouble because all frequencies are not
changed in phase by the same amount, Im-
proper phase shifting can cause trouble infeed-
back networks,

As shown in Chapter 1 in Part VI Figure 6-6, the
same signal is applied to both the audio circuit
and tothe horizontal input of the oscilloscope. The
output of the amplifier is connected to the ver-
tical input of the oscilloscope. The sweep fre-
quency control is set to horizontal input, The
trace without phase shift will appear as a
straight line tilted to the left or right.

S b ATAYAYA

0° phase trace for sine waveform output

/ MWW

Phase trace for negative peak flattening.

S NV

Phase trace for positive peak flattening and
increased negative flattening.

e

Phase trace for severe positive and negative
clipping.

part VI [ )

A phase relationship of 180 degrees or zero
degrees produces a straight line, A phase re-
lationship different than 180 or 0 degrees will
produce an oval, open by different amounts,
In addition, any irregularities of shape of the
straight line or oval indicates distortion pro-
duced in the circuit, Figure 6-21 shows several
phase patterns that result when a sine wave is
applied to a faulty circuit., With each phase
pattern, the output waveform of the circuit is
given, The method of measuring the phase angle
for an oval pattern is given in Chapter 1 of
Part VI.

Additional procedures that can be used in audio -
circuit analysis are found in earlier chapters,

Hum can be isolated in audio circuits the same

as in receivers, as described in Chapter 3 of

Part VI.

AW

Phase diagram showing about 100 phase difference
between input and output for sine waveform output.

NN

Phase diagram showing distortion
by action of amplifier,

P UV

Phase diagram showing pronounced distortion.

Figure 6-21
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CHAPTER 5

Amateur Radio Transmitter
Applimtions for Your Oscilloscope

The radiotelephone transmitter can be adjusted
most effectively by using an oscilloscope. The
oscilloscope will give more information, more
rapidly, than almost any collection of other
instruments,

This chapter deals with AM radio transmission
waveforms, Other types of transmission, such as
"'single sideband," give different waveforms on
the oscilloscope, Some specialized oscilloscopes
are made just for checking transmitters and
receivers, Most general purpose oscilloscopes,
however, can also be used to check a trans-
mitter as follows,

The vertical amplifier frequency response of
most oscilloscopes is not adequate to accurately
reproduce the frequencies of the RF carrier;
direct connections to the deflection plates of the
CRT are required, Most oscilloscopes have an
access door at the rear of the cabinet to per-
mit making these direct connections tothe CRT.
Refer to your oscilloscope instruction manual
for directions,

Figure 6-22A

<«

Figure 6-22B

Trapezoid Patterus

Two types of transmitter patters are most
common; one is the trapezoid, Radio fre-
quency voltage is applied to the vertical CRT
plates and audio frequency voltage from the
modulation is applied to the horizontal CRT
plates. As the instantaneous amplitude of the
audio signal varies, the RF output of the trans-
mitter likewise varies, This produces awedge-
shaped pattern, or trapezoid, on the screen,
Figure 6-22A shows a 100% modulated signal,
Figure 6-22B shows less than 100%. Figure
6-22C shows over modulation,

A trapezoid pattern is useful for determining
percentage of modulation, The maximum (H,)
and minimum (H,) heights of the trapezoid
are measured, using any convenient unit of length,
Percentage of modulation may be calculated as
follows:
HZ_H1

+Hy

= 100 = percentage of modulation
2

Figure 6-22C
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The oscilloscope connections needed
in a typical transmitter to obtain a
trapezoid pattern are shown in Fig-
ure 6-23, Voltage divider R2 makes
the pattern width adjustable, Re-
sistor R1 limits the maximum signal
available,

The Wave Envelope Pattern

If the built-in horizontal sweep of
the oscilloscope is used, the RF
voltage can be appliedto the vertical
CRT plates, The sweep will pro-
duce a pattern thatfollows the modu-
lation envelope of the transmitter
output, provided the sweep fre-
quency is lower than the modula-
tion frequency.

When voice modulation is applied,
a rapidly changing pattern of chang~
ing height will be obtained, When
maximum height of this pattern is
just twice that of the carrier alone,
the wave is modulated 100%. See
Figure 6-24A. Less than 100% is
shown in Figure 6-24B.

Figure 6-24A

Overmodulation is indicated in Fig-
ure 6-25, Connections for the wave
envelope pattern are shown in Fig-
ure 6-26,

The vertical deflection plates are
coupled to the amplifier tank coil
(or antenna coil) through a low-
impedance (coax or twisted pair)
line and pickup coil, Vertical ampli-
tude is varied by adjusting the
coupling or tuning of the output
line,
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CHAPTER 6
The Oscilloscope as a Tmcbing Aid

The oscilloscope is a useful addition to the list
of audio-visual aids for the classroom, Not only
can demonstrations in the physical sciences be
made more vivid, but demonstration in physio-
logical sciences, music, and mathematics, are
dynamically illustrated with an oscilloscope.

The purpose of this chapter is to pointout some
areas where the oscilloscope can be used effec~
tively in classroom demonstrations. Examples
from these various areas will be given, The
areas include mechanics, sound, electricity and
biology.

In practically all applications, the oscilloscope
is used with other pieces of equipment; some
are quite standard, others very specialized,
This chapter will discuss some special pieces
of equipment that are useful in connection with
an oscilloscope.

At least one example from each general area
is discussed briefly, Others are mentioned,
The experiments that were performed in Parts
III and IV should not be overlooked, Most of
these experiments would also make usable
demonstrations in science classes,

Visual Solution of Problems with a Computer

Computers can be used with a DC scope as a
read-out device to demonstrate the mathe-
matical solution of a number of physical prob-
lems, Small analog computers in kit form
are available for classroom demonstration,

A computer is a machine which performs physical
operations that can be described by mathematical
operations, In general, computers may be classi-
fied as digital or analog, Digital computers op-
erate by discrete steps, that is, they actually
count, Common examples of digital computers
are the abacus, desk calculator, punched-card
machine, and the modern electronic digital com-
puter, The fundamental operations performed
by the digital computer are usually addition
and subtraction, Multiplication, for example, is
accomplished by repeated additions.

Analog computers operate continuously, that is,
they measure, Examples of analog computers
are the slide rule (which measures lengths), the
mechanical differential analyzer, the electro-
mechanical analog computer and the all-elec-
tronic analog computer, The last three generally
measure electrical voltages or shaft rotations.
Physical quantities such as weight, tempera-
ture or area are represented by voltages, Volt-
age is the electrical analog of the wvariable
being analyzed, Arbitrary scale factors are set
up to relate the voltages in the computer to the
variables in the problem being solved. For
example, 1 volt equals 5 feet or 10 volts equals
1 pound, The name "analog'" comes from the
fact that the computer solves by analogy by
using physical quantities to represent numbers,

One of the most powerful applications of analog
computers is simulation in which physical prop-
erties, not easily varied, are represented by
voltages which are easily varied, Thus the "knee-
action' of an automobile front wheel suspension
can be simulated on an analog computer in which
the weight of the automobile, the constant of the

- spring, the damping of the shock absorber, the

nature of the road surface, the tire pressure and
other conditions can be representedby voltages,
In practice these factors cannot be readily
changed, but on the computer any one or all of
these may be varied at will and the results
observed as the changes are made,

Some of the types of problems which can be
solved by these methods are radioactive decay,
chemical reaction, beam oscillation and heat
flow, With the addition of crystal diodes and
relays, simulation of discontinuous functions
is possible, This makes possible solution of
problems involving saturations, backlash, hys-
teresis, friction, limit stops, vacuum tube
characteristics, and different modes of oper-
ation such as sonic vs subsonic flow,

The solution of a problem in elementary physics
is shown as an example of the type of problem
that can be solved, The solution is shown as it
appears on the oscilloscope,
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Part VI

Falling Body Problem

One of the simplest problems encountered in
elementary physics is that of a body moving
under the influence of a constant force, such as
the earth's gravitational field near the surface
of the earth, The equation for the motion of a

body in such a field is d2
dY-gqg

dt?

where g 1is the acceleration which a body ex-
periences when in the earth's gravitational
field and y is the distance the bodyfalls in time,
t.

Solution of F:z/liug Body Problem

(a) As observed on oscilloscope, Body was given
initial horizontal velocity,

(b) As recorded on pen recorder,

The solution may be viewed on a DC oscillo-
scope as in Figure 6-27 by connecting the
vertical input of the oscilloscope to the com-
puter amplifier output, A sweep voltage is
necessary if you want to show the path when an
initial horizontal velocity is given the body.

o

DISTANCE———p

TIME

S = ez
The Study of Sound

Equipment for using the oscilloscope in sound
demonstrations is generally very simple, A
microphone is connected to the input terminals
of the vertical amplifier, Some oscilloscopes
may not have enough gain in the vertical ampli-
fier to give suitable deflection on the screen
of the CRT. In such cases, a small additional
amplifier before the vertical input will help,

The waveform of speech, whistling, singing,
vibrating tuning forks, musical instruments, and
other sources of sound can be viewed directly
on the oscilloscope,

Two tuning forks nearly the same frequency
can be used to demonstrate beats, A tuning
fork struck very hard will show a complex
waveform, consisting of the fundamental and
overtones (harmonics) mixed together,

The method of measuring phase relationship
from Chapter 1 of Part VI can be used to
measure the speed of sound, Figure 6-28
shows the physical connections, A small speak-
er, microphone, scale, audio oscillator, ampli-
fier, and oscilloscope are needed for this
demonstration, A tube that fits over the speaker
and microphone will help increase the ampli-
tude of the horizontal input,

DISTANCE ————»
o

TIME

Figure 6-27
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The velocity of sound in air is related to the
frequency and wavelength by: V =AF; where V
is the velocity in feet per second, A isthe wave-
length in feet, and F is the frequency in cps.
Frequency is provided by an audio generator,
and Figure 6-29 shows how to determine the
wavelength, The distance that the microphone
has to be moved away from the speaker to ob-
tain oscilloscope patterns A, B, C, D, and finally
E is the wavelength, To calculate the velocity
of sound in air, V in feet per second = A in feet
times F in cps,

The Study of Electricity

This kit includes a number of circuits and pro-
cedures for studying and demonstrating many
principles of electricity and magnetism, The
oscilloscope aids in understanding the operating
principles of amplifiers, oscillators, multivi-
brators, power supplies, filtering networks,
attenuation networks, coupling networks, com-
pensation networks, and many others, The oscil-
loscope provides a means of displaying changing
voltages at different points in the circuit as a
signal passes through, or is amplified or gen-
erated by the circuit,

SCALE

NOTE: MOVE MICROPHONE THIS DISTANCE
TO MEASURE ONE WAVELENGTH (IN FEET).

Figure 6-29
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The following material includes two areas
difficult to demonstrate without an oscillo-
scope; hysteresis and phase relationship in
RLC circuits,

Figure 6-30 shows in block diagram form the
equipment and connections for demonstrating
hysteresis, The AC source is a very low volt-
age, high current, adjustable source, The volt-
age is in the order of 1 volt and the current
up to 100 amperes, The induced voltage in the
secondary of the sample core transformer is
directly proportional to the induction field in the
sample,

Figure 6-31 shows the physical setup for
demonstrating phase relationship in RLC series
circuits, R1 acts as a reference, The voltage
drop across Rl is in phase with the voltage
applied to the circuit by the AF generator,

The generator voltage is applied to one of the
inputs of an electronic switch, In position one,
the voltage across R1 and R2 is in phase with
the current, In position 2, the voltage acrossR1
and C1 is not in phase with the current, In posi-
tion 3, the voltage across R1and L1 is the phase
difference between voltage and current; it is
opposite that of R1 and C1, This voltage is
applied to the other input of the electronic
switch, The output of the electronic switch is
applied to the vertical input of the oscilloscope.

A F GENERATOR

A
o
Qo
) ®)
o} O o 2
° ]
o fo) I (9]
[e)
SWITCH

Figure 6-31
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In position 4 of the switch in Figure 6-31, the
inductor can be varied such that the RLC series
circuit can be adjusted for resonance, This is
shown by the in-phase relationship of current
and voltage across the test components,

Common articles in the science classroom
can be used with the oscilloscope to improve
their demonstration effectiveness, Magnets can
be used to deflect the electron beam of an
oscilloscope showing the relationship between
electricity and magnetism, This is discussed in
Chapter 1 of Part IV,

Panel demonstration boards with power sup-
plies, superheterodyne receivers, amplifiers,
and other circuits can be effectively demon-
strated by point-to-point examination with the
oscilloscope,

Transient effects of opening and closing a DC
circuit can be demonstrated with an oscillo-
scope, switch, and dry cells,

Induced voltages in inductors can be shown
easily with an oscilloscope, This can be done
in many ways, A coil of wire connected to the

vertical inputs of an oscilloscope cut by mag-
netic lines of force will produce corresponding
pulses on the screen, A small clock motor with
its leads connected to the vertical input termi-
nals and spun by hand will show the action
of an AC generator, The phase inversion of a
transformer can be demonstrated with a center~
tapped filament transformer, electronic switch
and oscilloscope, The Lissajous figures method
for showing phase relationships can also be used,

Biolo gy

The oscilloscope is not limited to the physical
sciences, The oscilloscope can be used for any
transient effect if a suitable transducer can be
obtained,

The heart beat of humans and animals can be
viewed with a microphone, high gain amplifier
and oscilloscope. A hearing aid makes a con-
venient amplifier and microphone, The output of
the hearing aid is applied to the vertical input
of the oscilloscope and the hearing aid is applied
over the heart area, A DC oscilloscope with a
triggered sweep would give better results than
a general oscilloscope for this demonstration.
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CHAPTER 7
Waveform Photography

Waveforms can be photographed from the CRT
screen of your oscilloscope with an ordinary
camera, It is only necessary for you to be
familiar with the camera and to observe a few
basic rules, Scientists who do much photo-
graphic work with the oscilloscope use a special
adapter hood and usually use a Polaroid attach-
ment to obtain finished prints as quick as pos-
sible, This method will be discussed at the end
of this chapter,

Still Camera Photography

One of the simplest methods of photographing
an image on the face of the CRT is to use an
ordinary camera in a dark room, All light must
be eliminated from the room, except that which
comes from the CRT. If the oscilloscope has a
pilot light, it should be removed or covered
with opaque tape; even this small amount of
light might fog the picture, If the room cannot
be completely darkened, Figure 6-32 shows a
possible setup that might be used,

@

Figure 6-32

Type of Camera

One of the best types of cameras to use, other
than Polaroid, is one with an adjustable lens
and a device for removing one negative at a
time, This type of camera is referred to as
a ''press" camera, or as a ''view' camera, Its
features include a ground-glass viewing screen
so focusing can be accomplished easily., Most
of these cameras take film that is 2-1/4" x
3-1/4" or larger,

If your camera is of the type that takes roll
film and has an adjustable lens, pictures can
still be taken, but you will have to wait until
the whole roll is used before the pictures can
be seen,

A simple box type camera can also be used if
it has provisions for holding the shutter open
for a period of time, Usually this is marked
on the front of the camera as '"time" or "T",
meaning when the shutter release is pushed
it will remain open until it is again pushed,
"B" or "Bulb" means that when the shutter
release is pushed, the lens will remain open
only as long as the button is held, A box
camera that has no adjustments for shutter
speed, or exposure settings usually will not
produce good oscilloscope pictures,

Type of Film

Generally, you should buy the fastest film
available for your camera, The faster film
requires less light going into the lens and
striking the film, New faster film is contin-
ually being introduced; your photographic dealer
should be consulted as to the most suitable
type of film for your camera,

Taking Stationary Pictures

Usually no difficulty will be experienced in
obtaining good quality pictures when photo-
graphing a stationary pattern on a continuous-
running oscilloscope sweep, The camera shutter
may be left open for as long as necessary,
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Proceed then, by setting up the camera, pref-
erably on a tripod or some other firm base,
Focus the camera on the image. The view
finder should not be used unless the camera
is the kind that allows viewing through the
lens, Focusing is accomplished before film is
inserted into the camera. Most cameras have a
back that is removable or partially removable,
Remove the back and open the shutter and lens
as far as possible, Take a piece of ground
glass (or any translucent material such as
wax paper) and place it as near the rear opening
of the camera as possible, This will be approxi-
mately where the film would travel, See Figure
6-33.

Move the camera back and forth until the image
is sharp and clear,

TRANSLUCENT
GLASS

“GROUND oLassC
“WAX PAPER"I &
. .

| T

Figure 6-33
Shutter Settin g

If the camera has adjustable speeds (1/100,
1/50, 1/25, 1/2, or 1 second) begin with the
slowest speed (1 second). Or if the camera has
"T" or "B'" shutter control, use these first
and begin with 5 to 10 seconds, Then decrease
the time as you take each picture, Keep a
record so when the film is processed the cor-
rect shutter speed can be determined for taking
pictures in the future, making sure the same
trace intensity is used,

Exposure

If the camera has an adjustable shutter opening
(f stops, 2, 3,5, 4.5, etc,), begin with the widest
opening your camera has, The lowest f stop
number is the widest opening,

When the opening is not adjustable, use a
longer shutter speed, Keeparecord, The intens-
ity control on the oscilloscope should be set
about normal or a little above regular viewing
brightness,

When the film is processed the prints will show
which exposure is best,

Polaroid Cameras

Polaroid cameras offer the advantage of a
finished print ready to use right after the
picture is taken, Focusing can be accomplished
in the same manner as described earlier, using
wax paper or ground glass,

Exposure will vary depending on the type of
film you use. Type 44 (10 second) film was
used for the following pictures in Figure 6-34,

Exposure was f8 at four seconds, Polaroid
cameras using the light value system of #10
to #17 should use #13,

I the print is too light, use a higher f stop
number, If when the highest number is used,
the print is still too light, use "time" or try a
faster film (type 37).

Figure 6-34
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Double Exposures

If your camera allows the shutter to be opened
and closed a number of times without advancing
the film, a picture such as in Figure 6-35 can
be made,

First take a normal flash or flood light picture
of the oscilloscope with the CRT face covered
with a circle of black paper, Then turn out
all the lights and remove the black paper,
Expose for a normal oscilloscope picture, When
the film is processed you should have a picture
of the trace plus the front of the oscilloscope.
This also works for TV. To start with, use a
1/25 second shutter speed for the TV picture,
after the overall picture of the set has been
taken,

v

Figure 6-35
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CHAPTER 8
Medical Ap[)limtions

Medical uses of the oscilloscope are advancing
rapidly, Someday the surgeon will view a room
of CRT's and be able to see such things as
brain waves, pressure in arteries and veins,
muscle reactions, and a three-way view of the
heart, all at a glance,

Much research is being done with the oscillo-
scope in medical schools, and more articles are
appearing everyday on the newuses doctors have
found for the oscilloscope,

Dentists may someday use a probe which when
connected to an oscilloscope will enable the
dentist to diagnose the unbalanced bite of his
patient, A diamond-pointed probe transducer
would be placed against each of the patients
teeth and when he bites down, the pressure-
sensitive transducer connected to the diamond
point would send an electrical signal voltage to
the vertical plates of the oscilloscope, With
internal sweep voltage applied to the horizontal
plates, patterns like the ones in Figure 6-36
would show the condition of the patients bite,

NORMAL BITE

Electroencephalography

An electroencephalograph (EEG) is apermanent
record of brain waves, Often this is done on a
recording oscillograph which uses a continuous
strip of paper and a sensitive amplifier to
control a marking pen,

A radioelectroencephalograph is a device which
allows the patient to move around while his
brain waves are being recorded, The brain
waves are picked up by scalp electrodes, and
then amplified and transmitted by a small radio
transmitter carried by the patient, The whole
package that the patient wears might be tran-
sistorized.

The transmitted signal is picked up by a radio
receiver, the brain waves are then sent either
to the vertical input of an oscilloscope or to an
oscillograph, Figure 6-37 is a block diagram
of a radioelectroencephalograph,
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Figure 6-37
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Part VI
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Cardiography

Vectorcardiography is an electrically recorded
view of several different planes of the heart,
An electrocardiogram (ECG or EKG) is an oscil-
lograph (pen recording) of electrical changes
caused by the heart,

As the heart contracts and relaxes, electrical
energy is created by the cell membrane, Voltage
is created each time a muscle membrane con-
tracts, When the heart relaxes the discharge of
the electric current must be built up again, The
heart might be considered as a capacitor in the
build up and discharge of electrical current.

The electrocardiograph shows the result of all
electrical forces generated by the heart in each
instant, In vectorcardiography, a special oscillo-
scope is used to actually view each vector (di-
rection) of current flow in the heart, The pattern
on the face of the CRT may take a shape
similar to an elliptical view, This pathway
of current as the heart discharges is called a
QRS loop, or vectorcardiogram, The vector-
cardiograph machine may also have anelectric
shocking device which, in case of cardiac arrest
(heart stoppage) will apply a controlled stimu-
lating voltage to the heart by the anesthetist.

Neurophysiology

In the biology classroom or medical school, the
standard instrument for recording muscle and
nerve activity is the kymograph, However its use
is limited because it is a mechanical device
and the inertia needed to start the device some-

times means the immediate loss of vital infor-
mation, The oscilloscope with its almost inertia-
free electron beam allows viewing these reac-
tions microseconds or fractions of microseconds
after they occur, To record the action potential
of a muscle of a live frog, for instance, the
oscilloscope becomes the recording device;
a stimulator (voltage source) and a preampli-
fier are needed, The muscle reaction creates
a small signal voltage that can be taken directly
from the muscle with wires or probes. Because
some oscilloscopes do not have the required
sensitivity to measure the signal directly,
a preamplifier is needed, One with a 10-times
gain should be sufficient for most general
purpose oscilloscopes, Figure 6-38 shows a
setup that might be tried, Set the oscilloscope
sweep frequency as necessary for a trace that
shows the whole duration of the signal,

OSCILLOSCOPE

VERTICAL
INPUT

STIMULATOR

TO MUSCLE

PREAMPLIFIER

-

Figure 6-38



Bibliography Page 165

BIBLIOGRAPHY

Additional details on many of the subjects covered
in this book can be obtained from the following
publications, Other books on oscilloscopes can

HE.A.TI—IKIT“

probably be found in your local library.

Heath Company Educational Series
Heath Company
Benton Harbor, Michigan

Heath Company Technical Applications Series
Heath Company
Benton Harbor, Michigan

"A Catalog Of Equipment For Oscillography"
Allen B. DuMont Laboratories, Inc,
Clifton, New Jersey

"Basic Theory And Applications Of Transistors"
TM-11-690

For sale from:

Superintendent Of Documents

U.S. Government Printing Office

Washington, D.C.

Hass, Alfred
"Oscilloscope Techniques"
Gernsback Library, Inc,
New York, New York

Middleton, Robert G.

101 Ways To Use Your Oscilloscope'
Howard W. Sams

New York, New York

Middleton, Robert G.

""101 Ways To Use Your Scope In TV"
Howard W. Sams

New York, New York

Rider, John F, and Uslan, Seymour D,
"Encyclopedia On Cathode Ray Oscilloscopes
And Their Uses"

John F, Rider Publisher, Inc,

New York, New York

Ruiter, Jacob H.

"Modern Oscilloscopes And Their Uses"
Murray Hill Books, Inc,

New York, New York



Glossary

This glossary should assist you with some of
the more unfamiliar terms used in the EF-2
text, These definitions of terms apply to elec-
tronics in general, but in many cases specific-
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GLOSSARY OF ELECTRONIC TERMS

ally refer to their use in the EF-2,

Accelerating anode, One of the electrodes of the
CRT electron gun, It is used to accelerate the
electron beam before it is deflected,

Alignment, Adjustment of circuits topass speci-
fied frequencies,

Alternating Current (AC). An electrical current
that reverses its direction of flow at regular
intervals,

Ampere, Unit of measurement of electrical cur-
rent flow, One ampere equals 6.25x1018 elec-
trons passing a given point in one second,

Amplitude, The quantity of voltage or current of
a waveform,

Anode, The plate electrode, as in a tube,
Aquadag, A black conductive coating on the
inside bulb of the CRT. It is connected electric-
ally to the accelerating anode,

Astigmatism, A CRT focusing defect,
Atom, The fundamental particle of an element,

Attenuation, Reduction of the amplitude of a
signal,

Audio Frequency (AF). Electrical signals within
the hearing ability of the human ear, This range
of frequencies is nominally 20 to 20,000 cycles
per second,

Base, A transistor section that corresponds to
the grid of an electron tube,

Bias., A fixed DC voltage used to establish an
operating point in a circuit; as in the grid bias
of a tube.

Blanking, The process of decreasing the intensity
of the electron beam in a CRT such that the trace
cannot be seen, This is done generally on re-
trace, or for time marking,

Capacitor. An electronic circuit element capable
of storing electrical energy.

Cathode, In a vacuum tube, it is the electron-
emitting electrode,

Cathode Follower, A vacuum tube circuit with a
gain of less than1, usedfor impedance matching,

Charge, A quantity of electricity,

Coupling, Association of two or more circuits
in such a way that power may be transferred
from one to another,

cps. Cycles per second,

Crystal diode, A two-element device capable of
passing an electrical current in one direction
only, Consists usually of germanium or silicon,

Current, Generally the movement of electrons
through a conductor, Movement of '"holes' can
constitute current flow in transistors,

Cycle, A complete oscillation,

Decoupling. Reduction of coupling,

Deflection, Either magnetic - or electrostatic -
caused change in direction of the electron beam
in a CRT.

Degeneration, Negative feedback,

Detection, The process, in a receiver, that
separates the intelligence being transmitted
from the carrier frequency,

Direct Current (DC). An electric current that
flows only in one direction,

Distortion, The result when a signal is given
an undesired change in an electronic circuit,
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Electrons, Small electric particles orbiting
about the nucleus of an atom,

emf, Electro-motive-force, See voltage,

Farad. The unit of capacitance, A million
microfarads (ufd) equals one farad,

Feedback., The process of feeding a portion of
the output signal back to the input of an elec-
tronic circuit.

Filtering, The process of eliminating or re-
ducing the AC ripple in a rectified current,

Fluorescent screen., The coating on the inside
of the face of the CRT, which glows when hit
by an electron beam,

Frequency, The number of cycles per second,

Graph, A line drawing that shows the relation-
ship between two or more quantities, such as
voltage and time,

Grid, The electrode in a vacuum tube that
is used to control the current from cathode
to plate.

Ground, The reference point from which volt-
ages are generally measured,

Heater. An electrical element in a vacuum tube

for supplying heat to an indirectly-heated cathode,

Henry, The unit of inductance for a coil.

Impedance, The total opposition to the flow of
alternating or pulsating current in an elec-
tronic circuit,

Inductance. The property of a coil that enables
it to store electrical energy.

Interelectrode capacitance, The small capac~
itance between the metal electrodes in a vacuum
tube.

Kilo-(K). A prefex meaning 1000 X; such as a
kilocycle equals 1000 cycles.

Linear time base, The sweep voltage for the
CRT which changes uniformly with time,

Lissajous figures, Figures producedby applying
harmonically-related sine waves to both the
vertical and horizontal plates of the CRT.

Meg-(M). A prefex meaning 1,000,000 X. A
megacycle is a 1,000,000 cycles,

Meter, An electrical measuring instrument,

Network, A combination of interconnected cir-
cuit elements,

Neutrons. A neutral particle in the nucleus of
an atom,

NPN Transistor, A semiconductor device with
a P-type section sandwiched between two N-type
sections,

Ohm (). The unit of electrical resistance,

Ohm's Law, The relationship between resistance,
voltage, and current, The product of current
and resistance equals the voltage,

PDC. Pulsating direct current,

Peaking coil. A small inductor used to extend
high frequency response,

Peak-to-peak (p-p). The voltage measure of a
waveform from the maximum value in one di-
rection to the maximum value in the other di-
rection,

Pentode, A five-element vacuum tube,

Phase, An expression that refers to the frac-
tional amount of the time period of one cycle
that has elapsed since the quanitity passed
through the zero reference point, Usually ex-
pressed in degrees,
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Plate, The common name for the anode of a
vacuum tube,

PNP transistor., A semiconductor device with a
N-type section sandwiched between two P-type
sections,

Polarity. The characteristic of having two oppo-
site charges, plus and minus,

Potentiometer, Mechanically changeable variable
resistor,

Protons - DPositive charged particles in the
nucleus of the atoms,

Pulse, A change of current or voltage of very
short duration,

Push-pull amplifier, A two-tube or transistor
amplifier, each operating 180 degrees out-of-
phase with the other,

Radio frequency (RF). Those frequencies em-
ployed for the transmission of radio signals;
from 10 kilocycles to 1,000,000 megacycles by
government regulation,

Reactance, The opposition of inductance and
capacitance to the flow of alternating or pulsat-
ing current, the imaginary part of impedance,

Rectifier, A circuit element that changes AC to
DC.

Regeneration, Positive feedback,

Retrace time, The length of time for the elec-
tron beam to return from the end of one sweep
to the start of the next sweep in a CRT.

Rise time, The time it takes for a pulse to
increase from 10% of its maximum value to 90%
of its maximum value,

rms, Root means square; the effective value of
alternating current that corresponds to the
value of direct current that will produce the
same amount of energy in heat,
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Schematic, Symbolic drawing of an electronic
circuit,

Screen grid, A grid placed between the control
grid and plate to decrease interelectrode ca-
pacitance in a vacuum tube,

Semiconductor, A material whose resistivity is
between that of metals and insulators,

Shunt, A component that is connected in parallel
with another circuit device,

Signal, A varying voltage,
Synchronization (sync). The process of putting

the sweep voltage in step with the signal in an
oscilloscope.

Suppressor grid, A grid placed between the plate
and the screen grid to minimize secondary
emission,

Sweep voltage, The voltage that produces hori-

zontal deflection in a CRT.

Tetrode, A four-electrode vacuum tube,

Time base, The sweep voltage (for the CRT)
which is proportional to time,

Triggered sweep, A sweep that starts only when
an outside signal is applied, It occurs for one
sweep cycle only and must be started again,

Triode, A three-electrode vacuum tube,

Transducer. A device that converts energy, such
as mechanical energy, to another form, such as
electrical energy,

Transient, A signal that occurs only once for an
initial set of conditions,

Transistor., A semiconductor device for recti-
fication and/or amplification,

Tuned Circuit, A circuit with capacitance,
and inductance adjusted to a specific resonant
frequency.
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Voltage. The electrical pressure that causes cur-
rent to flow in a circuit,

Voltage regulator, A device to maintain a con-
stant voltage across a circuit,

Watt, A unit of energy consumption, Electrically,
_nhe watt equals one volt times one ampere,

Waveform, Graphic representation of a signal,
Wave envelope. The outline of a high frequency

waveform,

Z-.axis input, Connection to the CRT control
grid for infensity modulation,

REPLACEMENT PARTS PRICE LIST

PART PRICE DESCRIPTION
No, Each
RESISTORS
1-66 +10 150 ©
1-9 .10 1000 @
1-44 .10 2200 @
1-16 A0 4700 ©
1-19 .10 6800
1-22 .10 22 KQ
1-24 .10 33 KQ
1-25 10 47 KQ
1-26 .10 100 K
1-31 .10 330 K@
CAPACITORS
21-56 .10 470 ppf disc
21-14 .10 .001 pufd disc
21-47 15 .01 pfd disc
21-48 .15 .05 pfd disc
21-95 ol B .1 pfd disc
25043 .05 8-32 setscrew
250-56 .05 6-32 screw
252-3 .05 6-32 nut
252-17 .05 Control nut
253-1 .05 Flat fiber washer
253-2 .05 Fiber shoulder washer
253-10 .05 Control flat washer
254-1 .05 #6 lockwasher
254-4 .05 Control lockwasher
258-33 .10 Battery retaining spring
259-1 .05 #6 solder lug
260-37 .05 Spring clip

The above prices apply only on purchases from the Heath
Company where shipment is to a U.S.A. destination. Add
10% (minimum 25 cents) to the price when ordering
(Michigan residents add 4% sales tax) to cover insurance,
postage, and handling. Outside the U.S.A., parts and service
are available from your local Heathkit source and will reflect
additional transportation, taxes, duties, and rates of
exchange.

PART PRICE
No, Each

DESCRIPTION

WIRE-SLEEVING

340-2 .05/ft Length bare wire
344-21 .05/ft Length hookup wire
346-1 .05/ft Length black sleeving,
fiberglas lining
346-19 .05/ft Length black sleeving,
pure plastic (no lining)
346-4 .05/ft Length black sleeving,

fiber type
MISCELL ANEOUS

10-10 .50 20 KQ control
10-40 .50 100 K@ control
40-383 .45 Oscillator coil
60-1 +15 Slide switch

60-1 .15 Slide switch
401-36 .65 Earphone

417-35 olD Transistor

474-5 45 Magnet

13-4 .10 Grommet

75-117 .10 Binding post insulator
427-3 o115 Binding post base

100-16-2 ,10
100-16-18 ,10

Black binding post cap
Red binding post cap

200-368-1 1,10 Chassis
214-15 .30 Battery bracket
331-6 15 Solder
390-120 .10 Battery label
431-65 25 Terminal strip
462-52 .20 Knob
490-1 10 Alignment tool
5,00 Manual (See front cover for

part number,)

To order parts, use the Parts Order Form fur-
nished with this kit, If Parts Order Form is not
available, refer to Replacement Parts in the Kit
Builders Guide,







CUSTOMER SERVICE

REPLACEMENT PARTS

If you need a replacement part, please fill in the Parts Order
Form that is furnished and mail it to the Heath Company.
Or, if you write a letter, include the:

® Part number and description as shown in the Parts
List.

® Model number and Series number from the blue and
white label.

® Date of purchase.

® Nature of the defect.

Please do not return parts to the factory unless they are
requested. Parts that are damaged through carelessness or
misuse by the kit builder will not be replaced without cost,
and will not be considered in warranty.

Parts are also available at the Heathkit Electronic Centers
listed in your catalog. Be sure to provide the Heath part
number. Bring in the original part when you request a
warranty replacement from a Heathkit Electronic Center.

NOTE: Replacement parts are maintained specifically to
repair Heathkit products. Parts sales for other reasons will be
declined.

TECHNICAL CONSULTATION

Need help with your kit?.... Self-Service?....
Construction? . ... Operation?.... Call or write for
assistanice. You'll find our Technical Consultants eager to
help with just about any technical problem except
“customizing”’ for unique applications.

The effectiveness of our consultation service depends on the
information you furnish. Be sure to tell us:

® The Model number and Series number from the blue
and white label.

® The date of purchase.

® An exact description of the difficulty.

® Everything you have done in attempting to correct the
problem.

Also include switch positions, connections to other units,
operating procedures, voltage readings, and any other
information you think might be helpful.

Please do not send parts for testing, unless this is specifically
requested by our Consultants.

Hints: Telephone traffic is lightest at midweek. . .please be
sure your Manual and notes are on hand when you call.

Heathkit Electronic Center facilities are also available for
telephone or “walk-in’’ personal assistance.

REPAIR SERVICE

Service facilities are available, if they are needed, to repair
your completed kit. (Kits that have been modified, soldered
with paste flux or acid core solder, cannot be accepted for
repair.)

If it is convenient, personally deliver your kit to a Heathkit
Electronic Center. For warranty parts replacement, supply a
copy of the invoice or sales slip.

If you prefer to ship your kit to the factory, attach a letter
containing the following information directly to the unit:

® Your name and address.

® Date of purchase.

® Copies of all correspondence relevant to the service of
the kit.

® A brief description of the difficulty.

® Authorization to return your kit C.0.D. for the service
and shipping charges. (This will reduce the possibility
of delay.)

Check the equipment to see that all screws and parts are
secured. (Do not include any wooden cabinets or color
television picture tubes, as these are easily damaged in
shipment.) Place the equipment in a strong carton with at
least THREE INCHES of resilient packing material
(shredded paper, excelsior, etc.) on all sides. Use additional
packing material where there are protrusions (control sticks,
large knobs, etc.). If the unit weighs over 15 lbs., place this
carton in another one with 3/4" of packing material
between the two.

Seal the carton with reinforced gummed tape, tie it with a
strong cord, and mark it “Fragile’” on at least two sides.
Remember, the carrier will not accept liability for shipping
damage if the unit is insufficiently packed. Ship by prepaid
express, United Parcel Service, or insured Parcel Post to:

Heath Company
Service Department
Benton Harbor, Michigan 49022
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