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RESISTOR AND CAPACITOR COLOR CODES 

RESISTORS 

The colored bands around the body of a color coded resistor rep
resent its value in ohms. These colored bands are grouped 
toward one end of the resistor body. Starting with this end 
of the resistor, the first band represents the first digit of 
the resistance value; the second band represents the second 
digit; the third band represents the number by which the first 
two digits are multiplied. A fourth band of gold or silver rep
resents a tolerance of 305% or 3010% respectively. The absence 
of a fourth band indicates a tolerance of 3020%. 

CODE 
COLOR 1ST DIGIT 2ND DIGIT MULTIPLIER 

8LACK o- f-- 0 I 
BROWN I-t--- I 10 
REO 2- f--2 100 
ORANGE 3 - t-- 3 1.000 
YELLOW .. - f-- .. IQ,OOO 
GREEN 5- f-- ~ 100.000 
BLUE 6-t-- 6 - I-- ~OOO.OOO 
VIOLET 7-I-- 7 - t- 10.000.000 
CRAY 8-I-- IS - I- 100.000.000 
WHITE 9 - I-- 9 - LOOO,OOO.OOO 
COLO - - t-- - .1 
SILVER - - t-- - .01 

~~TOLERANCE 
, , i1[r. COLO ±~"'7. 

ot:' SILVER ± 10 "'7. 
NO BAND ± 20 "'70 

I 

The physical size of a composition r esistor is related to its 
wattage rating. Size increases progressively as the wattage 
rating is increased. The diameters of 1/ 2 watt, 1 watt and 
2 watt reSistors are approximately 1/ 8", 1/4" and 5/16", 
respectively. 

The color code chart and examples which follow provide the 
information required to Identify color coded reSistors. 

EXAMPLES 

CAPACITORS 

Generally, only mica and tubular ceramic capacitors, used 
in modern equipment, are color coded. The color codes differ 
somewhat among capacitor manufacturers , bowever the codes 

COLOR 

MICA 

CODE 
I .. OIGrT ",,01GI1 MUL1IPLIER 

CHARACTERISTIC
!!oCE NOT [ , B[LOW 

(VALue IN 1.I""-~a: NotE 1 SELOW) 

EXAMPLE 
7. 100 

2,700wr i5 "70 

OR .0021 ufd 

shown below apply to practically all of the mica and tubular 
ceramic capacitors that are in common use. These codes com
ply with ElA (Electronics Industries Association) standards. 

TUBULAR CERAMIC 
Place the group of rings or dots to the left and read from left 
to right. 

CODE EXAMPLE 
R I" IG I 2, OIG IT MUL1IPLI£R TOL(R "lo 

:~~~':. j:::==:- ,~ !~ W ~ R~D---I- 100 -.12 
ORANG[ ,,000 -:i Z $ 
YELLOW fO.OOO - .. 

L:~~:i~~[2:::::t:~~t:~~:::;~-=~~~~~~~~:,~ ~ , "'\ 
/ORC~ORG tH.~~ 

~ 

TttJP(A."rURt l 1 1( I t'!lo~ 

n:UPCRATUR[ 
(.O[T'IC I (NT
ott NDTt 2 
8ELOW, 

c.otff ICI[NT-
Me NOle 2. 
8D..OW 

(VALUE IN &l-\.lf-sct. NOTE 3 BelOW) 

33uuf t 5% 

NOTES: 

1. The characteristic of a mica capacitor is the temper
ature coefficient, drift capacitance and insulation resistance. 
This information is not usually needed to identify a capacitor 
but, if desired. it can be obtained by referring to EIA Stand
ard. RS-153 (a standard of Electronic Industries AsSOCiation.) 

2. The temperature coefficient of a capacitor is the predict
able change in capacitance with temperature change and is 

expressed in parts per million per degree centigrade. Refer 
to EIA standard, RS-198 (a Standard of Electronic Industries 
ASSOCiation.) 

3. The farad is the basic unit of capacitance, however cap
acitor values are generally expressed in terms of /lfd (micro
farad, .000001 farad) and /ll).! (micro-micro- farad, .000001 
/lfd); therefore, 1,000 /l/lf = .001 /lfd, 1,000,000 IJ./lf = l/lfd. 

USING A PLASTIC NUT STARTER 

A plastic nut starter offers a convenient method 
of starting the most used sizes: 3/16" and 1/4" 
(3-48 and 6-32). When the correct end 15 pushed 
down over a nut, the pliable tool conforms to the 
shape of the nut and the nut is gently held while it 
is being picked up and started on the screw. The 
tool should only be used to start the nut. 

6-32 

@ 

®-

-® 
3-48 

@ 
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IV 

PREFACE 

This kit has been prepared to you reach a 
understanding of one of the 

tools of electronics, the oscilloscope, 
the text assumes no previous electrical know-

on your part, it was written to furnish 
you with a great deal of lJseful information, 

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 
the which is important to 

but also in understanding basic electronic 
circuits. To understand basic electronic circuits 
is to understand the building blocks of the age of 
electronics, 

in the electronics field, either 
or as an amateur, much of the 

will be familiar to you, es
Parts I and Ill. Even 80, it would be 

well to read these parts to refreSh your memory 
on some of the basic concepts of electronics 
and oscilloscope theory that you may have fo1'-

Part I of this hook offers an introduction to 
the nature of and the need for oscilloscopes; it 
also oscilloscope operating instructions 
Part II the complete assemb)y instruc-
tions for the test chassis and the ",..,<a,~.,,-. 

connect test of this kit. 

Part HI of this book explains the basic 
of The text in each chapter has been 
", ..... "<.",,,,/'1 to make learning the basic of 

as easy and interesting as possible, 
you practical demonstrations of the 

Part IV of the book makes 

use of the basic principles learned in Part 
III to explain the theory of op
eration. 

Part V of this book gives instructions for 
n1aintenance and repairs your 
need, Part V should be used not in 
of the information furnished with your oscillo
scope by its manufacturer, 

Part VI describes special types of 
and oscilloscope applications. After Part VI a 

lists a number where 
additional information about oscilloscopes can be 
obtained, A Glossary of Terms "',...,..",,..,'" 
with a handy list where you can quickly up 
the definitions of common electronic and oscll

terms. 

Do not become concerned if' your grasp of the 
ideas in Parts III and IV is vague after the 
first Unfamiliar concepts have a way of 
coming into focus after a second 
the second reading, however, to he sure that you 
do have a Bolid grasp of each idea before pro

to the next. Do not feel above reading 
a second time, since a thorough 

knowledge of basic principles is essential to 
the most from your oscilloscope. 

gained from this Technical 
should enable you to pursue 

in electronics and it may even enable 
you to do some profeSSional repair work. Since 
your main purpose in following this text and 

out the will be to 
we trust that you will find it a rewarding and 
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PART I 

An _l1troduction to the Oscilloscope 

~. 

CHAPTER 1 

The term "o8cillation" 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 Illany places. One 
of the most common examples of an oscillation 
is shown in the waves that show up when a stone is 
thrown into a pool of water. These waves, which 
now 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 when they 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 les5 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 expressed in cycles 
per second (cps), thousands of cycles per second 
(kilocycles, or kc), 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 oscUlations 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 iruler worldngs of 
the human body, The oscilloscope makes it 
possible for the operator to analyze electronic 
circuits by looking at the oscillations in the 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 also gradually becoming 
rather widespread in science classrooms, It is 
hard to imagine any electronic device being de
veloped today without an OSCilloscope be.lngused 
in the design and development process. 

Part I 

Basic Oscilloscope PrilicipLes 

The purpose of introducing these basic princi
ples to you at this time is to give you Borne 
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 electrica1 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 ray tube (Fig
ure 1-2). A stream of electrons from the 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. 

I IIr">I' ."" E NT 

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 m~de 
by the beam from a flashlight on a wall, By 
moving the flashHght 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 80 the horizontal circuits 
would move the spot back and forth 500 times 

HORIZONTAL 
CIRCUITS 

,---- - ---I 
I 1 
I I 
I 1 
I 1 
I I 
I I 
~- ______ I 

.1, 
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per second, The spot would then be moving 
across the fluorescent coating at t.he 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 a fly across a Wall, 
The illuminated spot would have to be moved 
across the wall horizontally. at the same speed 
as the fly, to keep the fly in the beam of the flash
light. The spot would alao 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 vertic al circuits. 

NOTE: If your oscilloscope is in kit form, it 
should be assembled now, before proceeding with 
the following chapter. 

1------, 
1 I 
I 1 
I I 
I I 
I I 
I I L ______ .J 

-, 

VERTICAL 
CIRCUITS 

Figure 1-3 
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CHAPTER 2 

Oscilloscope Operation 
This book uses the Heathkit Model 
10- 12 Oscilloscope in all drawings 
as an example of a typical oscillo
scope, No matter 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 panel of a 
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, At the left is a group 
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 panel is 
a group called the synchronization 
controls, Now look at your own 
OSCilloscope; ii it is different from 
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 
panel. 

Spot COlllrols 

VERTICAL 
CONTROLS: 
COARSE AND 
F INE SIZE. 

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, 

HORIZONT AL POSITION. The Horizontal Posi
tion control (also called the Hor!zontal Center
ing contra!) adjusts the position of the spot 
horizontally on the fluorescent screen, 

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

SYNC:HROI>IIZA T ION 
CONTROLS 

Figure 1-4 

Tbe Vertical COlllrols 

SPOT AND 
SPOT POSITION 
CONTROLS. 

HORIZONTAL 
CONTROLS: 
SIZE AND 
SPEED. 

VERTICAL lliPUT. The Vertical Input switch 1s 
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 "Xl" pOSition, The Signal will appear 
smallest when the switch is in the "XIOO" 
position, 

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

HorizOIJ/a/ COlltrols 

HORIZONT AL 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 kc. The terms preset I, 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 oscllloscope. 

S},ICiJrolliultioll COll/ro/s 

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 IV. 

Othe,. COl/trois 

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 slgnal 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 using these 
controls. 

Sa/el] 

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 fpolproof 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, 

EXP ER 'MENT 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 a long time at the 
same place 011 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 1s centered on the cathode 

Part I 

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 
blnding post on the front panel, marked "1 volt 
p. P" or "8 Volt test," If yoill' OSCilloscope 
has such a post, connect a wire from it to the 
Vert Input binding post, 

Ii 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 zero position just until the 
l3i~l1al 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 oC 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 II 

Test Chassis and Parts Assembly 

Figure 2-1 

The Test Chassis and parts that you assemble 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 cOMected 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, 

S PEe I F I CAT ION S 

Test Chassis ... . ................ , . , . 

Clip-on Parts .. 

Controls .......................... . 

Power Supply. . . . . . . 

Overall Dimensions, , ...... , .. , ...... . 

Net Wsight ..... , ............. .. ... . 

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 !ill control. 
1 - 20 KG control. 
1 - OFF-ON switch. 

2- size AA 1.5 volt penlight batteries mounted in a 
holder on the Test Chassis. 

6-1/B" wide x 9" deep x 3" high. 

1-1/21bs, 



_p_a_g_e __ 8 ________________________________________________ ~p~a=r~t~rr=_ ____ ~~ff5iki1~~ 

221'1 

AUDIO OSCILLATOR SCH EMATIC 

® 
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TRANSISTOR Q\ 

VERTICAL} 

COI'JI'J[C liONS 
~GROUN() 

-L. (6+) 

TRANSISTOR Q2 

1000 

Figure 2-2 

The schematic shown above is for the audio 
oscillator circuit that will be assembled on the 
Test Chas8iB in this section. A thorough descrip
tion of this circuit is included in Chapter 8 of 
Part liI. 
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CONSTRUCTION NOTES 

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 
covers of the manual to help you identify 
the components. If some shortage or parts 
damage is found in checking the Parts List, 
please read the Replacements section and sup
ply the information called for therein. Include 
all inspection slips .in your letter to us. 

Resistors generally have a tolerance rating of 
10% unless otherWise stated in the Parts List. 
Tolerances on capaCitors are general,ly even 
greater. 

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. 

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

1. Layout 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. 
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PARTS LIST 

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

PART PARTS DESCRIPTION 
No. Per Kit 

ResislorJ 

(1) 1-66 2 150 n. 
1-9 2 1000 n 
1-44 1 2200 n 
1-16 2 4700 n 
1-19 1 8800 n. 
1- 22 '* 22 Kn 
1-24 1 33 Krt 

1-25 3 orange) 
1-26 2 black-yellow) 
l- 3l 1 

Capacitors 
21-56 1 470 disc 
21-14 1 .001 pfd disc 
21-47 2 disc 
21-48 3 ,05 ~fd disc 
21-95 2 ,I fJ.td disc 

Hardware 

(3)250-56 20 6-32 screw 
(4) 252- 3 20 6- 32 nut 
(5) 252-7 2 Control nut 
(6) 253-1 4 Flat flber washer 
(7) 253-2 4 Fiber shoulder washer 
(8) 253-10 2 Control flat washer 
(9) 254-1 14 #6 lockwasher 

(10) 254-4 2 Control lockwasher 
(11) 258-33 1 Battery retaining spring 
(12) 259-1 6 #6 solder lug 
(13) 260- 37 82 Spring clLp 

NOTE: Two 8ize AA 1.5 volt penlight batteries 
will also be needed before your test chassis can 
be put in operaUon, By purchasing them now, 
you will be able to use your Test Chassis as 
Boon as assembiy is completed, 

sistors are in ohms 
the values of are 

in microfarads (!-tfd) or micro-microfarads 

PART PARTS DESCRIPTION 
No. Per Kit 

Length bare wire 
Length hookup wire 
Length black fiber-
glas lining 

1 Length black pure 
plastic 

(16) 346-4 1 Length black fiber 
type 

}\j isallal1eOlH 

(1 '7) 10-10 1 20 K.Q control 
10-40 1 100 Kn control 

(18) 40-383 1 Oscillator coil 
(19) 60-1 1 Slide switch 
(20) 1401-36 1 Earphone 
(21) 417-35 3 Transistor 

474-5 1 
(22) 73-4 2 Grommet 
(23) 75-17 4 Binding post insulator 
(24) 427-2 2 Binding base 
(25) lOO-MISB 1 Black binding 

100-M16R 1 Red 
200- M 368 F848 - 849 - 851 

1 Chassis 
(26) 214-M15 1 Battery bracket 

331 6 Solder 
390-120 1 Battery label 

(27) 431-65 6 Terminal strip 
462- 52 2 Knob 

(28) 490-1 1 Alignment tool 
595-604 1 Manual 
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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
functlOns in this equipment are due to poor 
or improper soldering. 

If terminals are bright and clean and free of wax, 
frayed insulation and other l'oreign 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 gw11s 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 Wirillg and SolderiJlg 

1. Unless ollierwise 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, 

H£A T CQ:-4NEC T ION 

2. 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 stUI be made. 

3. Position the work, ifpossible, so that gravity 
will help to keep the solder where you want 
it, 

4. Place a flat side of the solderi.ng iron tip 
against the i oint 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 solid.\iled. 

A poor or cold solder joint will usually look 
crystalline and have a grainy texture, or the 
solder will stand up tn 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, 

4LLOW SOL DE~ 
TO noVi 
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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 WlLL NOT REPAIR OR SERVICE 
EQUIPMENT IN WHICH ACID CORE SOLDER 
OR PASTE FLUXES HAVE BEEN USED. IF 
ADDITION AL SOLDER IS NEEDED, BE SURE 
TO PURCHASE ROSIN CORE (50:40 or 50:50 
TlN-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, 

I/llfs/ratiolls 

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 
lot; however, in some instances the illustra
tions may be slightly distorted to facilitate 
clearly showing all of the parts, 

SolderiJlg 

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" Is used to indicate this. Note 
that a number will appear after each solder 
instruction, This number indicates the number of 
leads that are supposed to be cormected 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 identiiy 
the parts, 
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STEP-BY--$TEP ASSEMBLY 
" 

A! erht1IJic,,/ A Helllbi)' 

Refer to Pictorial 2-1 for the following steps, 

(~/) Install grommets at AA and BB. 

(v('InstalJ the six terminal strips as shown in 
Detail 2-1AJ with 8-32 screws, //6 lock
washers, and 6-32 nuts, 

6-32 SCA(w 

6 ae I ,OCXWAS HER 

Detail 2-1A ® 6- 32 NUT 

(~'ount the 20 Iffi control (#10-10) and the 
100 Kn control (#10-40) on the front panel 
as shown in Detail 2-1 B, with control lock
wa~hers, control flat washers, and control 
nuts, Turn the shafts of the controls to their 111 counterclockwise positions, 

(\jI Inst all a knob on each control shait . Posi Hon 
each knob so its pointer points toward the 
word MIN, and then tighten the setscrew, 

--~) Mount the slide switch on the front panel 
by installing two 6-32 screws through the 
front panel holes, into the tapped holes on 
the ,sWitCh. Be sure the lugs are In the 
pptnt!on shown, 

/ 
~J 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 suap into place . 

t 

I 

.f 
C- ) 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, 

Detail 2-1D 
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DetaU 2-1 E 

(/) Locate the battery bracket and position It as 
__ / . shown in Detail 2-1 E. 

( I') MOWlt 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 nat washer, a #6 
solder lug, and a 6- 32 nut for each motmt:lng. 
Before hghtening, bend solder lugs G and 
H until they overlap. Now sol~er -1hem tQ
g~h.er. .. Be-.aut:e.the sold~ea"Connection dc;es 

Jot t~batterybracket. 

( ' ) Install the battery bracket on the bottom of 
the chassis as shown in Deta1l2-1F. Fasten 
it !.n place w~th 6-32 screws, #61ockwashers 
and 6-:- 32 nuts. Be sure to bend lugs J and Kyer as they are shown. 

( l.}-iemove the paper backing from the battery 
label and place the label in the bottom of 
the battery housing. 

In each of tbe following steps us1nghookup wire, 
cut the hookup wire to the length indicated in Ule 
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). 

Part IT 

6-32 SCI'IEW_ ',,"" 

Detail 2-1F 

( ) 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-l). 

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. 

( '-rco~nect a 4-1/2" hookup wire from lug lof 
terminal strip D (S- 2) to lug I of terminal 
strip F (NS). 

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

~~~ect a 1 ~ 1/2" bare wire from lug 1 (S-3) 
to the eyelet at the end of terminal strip 
F (8-1). 

(C) .~onnect a 4- 1/2" hookup wire from lug 10f 
terminal strip E (8-1) to the lug of binding 
post A (S-1). 

/~ct 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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( ~ect a 5-1/2" hookup wire from lug 4 of 
terminal strip C (8- 2) to lug 1 of the OFF
ON swltch (S-l). 

~--;ne 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 (8-1) and clip off the excess 
wire. 

(~- one end of a bare wire through lug 1 
of terminal strip C (NS) to lug 1 of the coil 
(8-1). Now solder the· wire to lug 1 of the 
terminal strip (8-1) and cut off the excess 
wire. 

( ~ one end of a bare wire through lug 3 
of terminal strip C (NS) to lug 3 of the coil 
(8-1). Now solder the wire to lug 3 of the 
terminal strip (8-1) and cut off the excess 
wire. 

·~CO~nect a 2-1/4" hookup wire from lug 1 
of term inal strip A (8-1) to lug 1 of the 
100 Ko, control (S-1), 

( ) Connect a 2-1 / 4" hookup wire from lug 2 
of terminal str ip A (S-1) to lug 2 of the 
100 Ko, control (8-1). 

--Co~;ect a 2-1 / 4" hookup wire from lug 3 
of terminal strip A (8-1) to lug 3 of the 
100 K..<"l control (8-0. 

Connect a 2-1 / 4" hookup wire , from lug 2 
of terminal strip B (8-1) to lug 1 of the 
20 Ko, control (8-1). 

Page 15 

( ) Connect a 2-1 / 4" hookup wire from lug 3 
-of terminal strip B (8-1) to lug 2 of the 

20 Kn control (S-O. 

) ,c.onne-ct -a 2-1/2" bookup wire from lug 4 
of terminal strip B (8-1) to lug 3 of the 
20 Kn control (S-1). 

(~ of the lU1used 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 
housing as shown in Detail 2-1G. 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, 

Detail 2- 1G 
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TRANSI5"TOR 

CAPAC!J;OFl~===::::::::::~~d) 

Pictorial 2- 2 

Quick-collneet Paris Assembl), 

Refer to Pictorial 2-2 for the following 

Install clips and sleeving on the leads of each 
resistor and capacitor as directed in the follow-

four steps. 

1. Cut some fiberglasl:ined 
length as the lead and 
over the lead. 

2. Press the sleeving back toward the of 
the resistor or and fasten the end 
of the lead to one of the eyes in the 

3. the lead with pliers with a rubber 
band 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 

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

three 3-1/4" and three 6" con
necting wires as shown. Place 1/2" 
fiber over the ends of the 
before attaching and soldering the 
After the clips are soldered, slide the 
of fiber sleeving over the solder 
Install short lengths of pure plastic sleev-

over the other eye of each Clip. 

on the leads, using 
of fiber aleeving and 5/16" 
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Audio Oscillator Assembly 

NOTE; Make sure the slide switch is in the 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. 

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

( -) Cllp a -St? wire from lug 1 of terminal strip 
F to lug 4 of terminal strip B. 

( -}--CUp - a 4700 n (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 n (brown-black-red) resistor 
between lugs 1 and 4 of terminal strip F. 

( /r-cli;~ 100 Kn (brown-black-yellow) resistor 
between lug 4 of terminal strip E and lug 3 
of terminal strip D. 

) ·cnp a 4700 n (yellow-violet-red) resistor 
between lug 4 of terminal strip C and lug 
1 of terminal strip B. 

(--y-cnp;.22 Kit (red-red-orange) resistor be
tween lug 4 of terminal strip C and lug 2 of 
terminal strip B. 
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+-clip -alOOO n (brown-black-red) resistor 
between lug 1 of terminal strip D and lug 2 
of terminal strip B. 

(j) Cli~ KO (orange-orange-orange) re
'--s'tStor between lug 3 of terminal strip D and 

lug 4 of terminal strip B. 

~- a .1 /lfd capacitor between lug 3 of 
terminal strip D and lug 1 of terminal strip 
B. 

<-
( rCrfp a .05 /lfd capacitor between lug 4 of 

terminal strip A and lug 3 of terminal 
strip B. 

(~05 /lfd capacitor between lugs 1 and 
4 of terminal strip B. 

In this book the tranSistors are identified by 
the symbols Ql and Q2; the transistor leads are 
referred to by the letters E (emitter), B (base), 
and C (collector). These letters are not actually 
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. 

LLU1stall 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. 
CUp lead E to lug 1 of terminal strip D. 

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 Xl 
(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
twe en 100 and 1000, 

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

should appear on the tube; at the clockwise 
pOSition (MAX), a signal should appear on 
the oscllioscope. 11 a signal did not appear, 
refer to the In Case Of Difficulty section, 

( ) Set the 20 Kn control back to near that 
pOint where the waveform first began to 
appear on the oscilloscope. 

Adjust the frequency vernier of your osc1l1o
scope to obtain two complete cycles, this 
waveform should now look like the audio 
oscillator waveform shown in Pictorlal2-4. 

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

Pictorial 2-4 
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IN CASE OF DIFFICULTY 

L 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. 

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

3. 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, 

5. Check the transistors with a transistor 
tester or by substitution of transistors of 
the same type lmown to be good. 

e. 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 ±1 O%from the voltages shown. 

SERVICE INFORMATION 

Service 

Il, after applying the iniormation 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 jg to 
prov1.de assistance for those who encOl.mter 
difficulty in the construction, operation or 
maintenance of HEATHKIT equipment. It is not 
intended, and is not equipped to function as a 
general source oftechnical information involving 
kit modifications nor anything other than the 
normal and specified performance of HEATHIGT 
equipment, 

Although the TeclmicaJ Consultants are familiar 
with all details of this kit, the effectiveness of 
their adv1.ce will depend entirely upon the amount 
and the accuracy of the information furniBhed 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 invesUgate 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 date of 
purchase, if available. Also mention the 
date of the manual. (Date at bottom of 
Page I,) 

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 
Vlish 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 thrQug..~ his 
familiarity wit.I-; 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. 

The Factory Service facilities are also available 
to you, in case you are not familiar enough with 
electronics to provide our consultants with suf
ficient information on which to base a diagnOSis 
of your difficulty, or in the event that you pre
fer to have the difficulty corrected in this man
ner. You may return the completed equipment 
to the Heath Company for inspection and neces
sary repairs and adjustments. You will be 

a minimal service fee, plus the price 
of any additional parts or material required. 
However, if the completed kit is returned Within 

will be 
Warranty. State 

some areas 
your most efficient method 

of obtaining service for your HEATHKIT equip-
ment, Although for local service are 
generally somewhat than for factory serv-
ice, the amount of is usually offset 
by the you would pay if 
you elected to return your kit to the Heath 
Company, 

HEATHKIT Service Centers will honor the 
regular 90 day HEATHKIT Parts Warranty 011 

all kits) whether a dealer 
or directly from Heath 
will be necessary that 
date of your kit. 

Under the conditions in the Warranty, 
replacen1ent parts are supplied without charge; 
however, if the Service Center assists you in 
locating a defective (or parts) in your 
ldt, or installs a for you, 
you may be charged for this service, 

HEATHKIT 
returned to Heath 
accompanied by your copy of the dated sales 

from your authorized HEATHKIT deal-
er in order to be for 
under the terms of the 

THIS SERVICE POLICY APPLIES ONLY TO 
COMPLETED EQUIPMENT CONSTRUCTED IN 
ACCORDANCE WITH THE INSTRUCTIONS AS 
STATED IN THE MANUAL. that has 
been modified in 
for repair. If there 
solder or paste 
returned NOT 
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For information regarding modiiication of 
HEATHKIT equipment for special applications, 
it is suggested that you refer to anyone 
or more of the many publications that are avail
able on all phases of electronics. They can be 
obtained at or through your local library, as 
well as at most electronic equipment stores. 
Although the Heath Company Sincerely welcomes 
all comments and suggestions, it would be im
possible to design, test, evaluate and assume 
responsibility for proposed circuit changes for 
special purposes. Therefore, such modU'ications 
must be made at the discretion of the kit buUder , 
using information available from Sources other 
than the Heath Company. 

Rep III c t'IIIe111 5 

Material supplied with HEATHKIT products 
has been carefully selected to meet deSign re
quirements and ordinarily will fulfill its function 
without difficulty. Occasionally, improper op
eration can be traced to a faulty component. 
Should inspection reveal the necessity for re
placement, write to the Heath Company and 
supply a ll of the follOWing information . 

A- Thoroughly identify the part in question by 
using the part number and descrlption found 
in the manual Parts List. 

B. Identify the type and model number of kit 
in which it is used, 

C. Mention date of purchase. 

D. Describe the nature of defect or reason for 
requesting replacement. 

The Heath Company will promptly supply the 
necessary replacement. PLEASE DO NOT RE
TURN THE ORIGillAL COMPONENT UNTIL 
SPECIFIC ALL Y REQUESTED TO DO SO. Do 
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not di.smantle the component in C'juestion as 
this will void the guarantee. This r eplace
ment policy does not cover the free replace
ment of parts that may have been broken or 
damaged through carelessness on the part of 
the kit builder. 

Shippillg IIiSlmcl;fJlJJ 

In the event that your instr ument must be re
turned for service, these instructions should be 
carefully followed. 

Wrap the equipment in heavy paper, exercising 
care to prevent damage. Place the wrapped 
equipment in a stout carton of such size that 
at least three inches of shredded paper, ex
celSior, or other resilient packing material 
can be placed between all sides of the wrapped 
equipment and the carton. Close and seal the 
carton with gummed paper tape, or alternately, 
tie securely with stout cord. Clearly print the 
address on the carton as follows: 

To: HEATH COMPANY 
Benton Harbor I Michigan 

ATTACH A LETTER TO THEOUTSIDEOFTHE 
CARTON BEARrnG YOUR NAME , COMPLETE 
ADDRESS, DATE OF PURCHASE, ANDABRJEF 
DESCRIPTION OF THE DrFFICULTYENCOUN
TERED. Also, include your name and return 
address on the outside of the carton . Preferably 
affix one or more II Fragile" or "Handle With 
Care" labels to the carton, or otherwise So mark 
with a crayon of bright color. Ship by insured 
parcel post or prepaid express; note that a 
carrier cannot be held responsible for damage in 
transit ii, in HIS OPINION, the article is in
adequately packed for shipment. 
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it 

Part n 

l'leath Company warrants that for a period of three monrh.s from the elate of shipment, all Heathklt 
parts shall be free of defects in materials and workmanship under norma] use and service and 
that in (u\j;llroent of any breach of such warranty, Heath Company shall replace such defecllve 
parts upon the return of the same to its factory. The foregOIng warronty ~hall apply only to the 
original buyer, and 18 and shall be In lieu of all other warrantles, whclher express Or implied 
:Hld of all other obllgatlorlS Or llabilities on the pari of Heath Company and In no event shall 
Heath Company be liable foranyantiCIpatedproflt6, consequential damages, loss of time orother 
lOSSES incurred by the buyer In conneclIon wllh the purChase, assembly Or opera lion of Healhkils 
or compooenlE thereof. No replacement shall be made of parts damaged by the buyer in the 
course of handling or assembling Heathklt equipment. 

NOTE: The foregOlng warranty Is completely VOid and we wlll not replace, repair or service 
instruments or parts thereof In whIch acId core solder or pasle fluxes have been used. 

HEATH COMPANY 
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PART III 

Basic Principles of Electronics 

-.L 
T JII[ 

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 sectlon 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 electrlcity 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
rour.ded by electrons in orbits. 

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, anet a copper atom has 29 
protons. 

The atom is kept together by the forces that 
exist between the particles wlthin 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 electricaUy 
neutral; that is, the number of electrons equals 
the number of protons. IT there are less than 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. 

Flowillg ELectrons alld 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 
llne 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 as the 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 a tube 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 s~eed. 
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 cunent 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, 

TIME I TIME 2 
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Current flow, either electron flow or hole 
current is merumred in "amperes" just like 
ilie 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 6,2.50 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 (rna), 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 les8 electrical pressure. 

TIME 3 "TIME 4 
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Figure 3-5 

Electrical pressure works just like water press
ure, Figure 3- 5 demonstrates how voltage affects 
current flow, In part A of Figure 3- 5, the 
greater water pressure causes a larger flow of 
water. AB 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 nms down, its voltage de
creases and the current will also decrease. 

Current FlolI' i'l Malenitls 

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 
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flow of current. Between conductol's 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 a1coho!, water, and cooking 011, See 
Figure 3-7. Place one sheet of facial tissue on a 

Figure 3-7 
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Figure 3-6 
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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 inabUity 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 TI, under Adjustments. 

.Figure 3-8 
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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 lts former 
height. Repeat this experiment with tranSlstor 
Ql. 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 rna = 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 to the evaporation of common liquids. 
Experiment 2 showed how changing temperature 
changed the ability of semiconductors to carry 
current . 
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CHAPTER 2 

Ohm'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 cax-bon 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 (n). A resistor that offers 
a lot of resistance to current will have a large 
llumber 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 lU1its are used. 
The units Kn (K~ohms) and Mn or Megfl, (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 n, 
6,200 Iffi or 6.2 MD. (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 how typical car
bon resistors and typical wirewound resistors 
are constructed. 

CARBON ROISTOR 

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 01 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 
amoWlt of resistance is created. The amOlU1t of 
resistance, or the number of ohms in a resistor, 
is determined by the mixture of the carbon com
pound and not by the physical size ofthe 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 which the wire is 
made. This type of wire is called resistance wire 
and the longer the wire the greater the resistance. 

A variable resistor, also called a potentiometer , 
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 
1s turned, the resistance between the center 
lug and both outside lugs changes, one increas
ing as the other 1s decreasing. 

TERMINALS 

CONHRUCTIQN OF A POTEWTIOM£TER 
CR VA<lIA8L E 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 
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dissipate, allowing more current to pass through 
it safely. Hlgh-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 much larger 
physically than a 500 ohm resistor rated at only 
1/2 watt. 

A II 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. All the 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, 

~ 
RESISTOR 

--i t- OR -.±j r--
GROUND 

CONNECTION 
A SOURCE OF DC 

VOL TAGE (BATTERY) 

--&-
AC VOL TAGE 

SOURCE 

CONNECTING 
WIRES 

++ 
WIRES WHICH CROSS BUT 

ARE NOT CONNECTED 

Figure 3-11 

--vr-
VARIABLE 
RESISTOR 
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OhJII's Law 

The total amount of current flowinl; In a circuit 
depends on two things: the resistance in the 
circuit, and the source voltage cormected across 
the Clrcuit. The amount of current can be 
calculated mathematically if the voltage and re
sistance are known by using Ohm's Law, which 
is: 

I "current in "omperes" 

E = voltoge in "volh~ 

R ~ resistance in "ohms w 

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 1S 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 Rl, 
for this reason resistor R2 has twice as much 
voltage across it as resistor RI. When three 
volts are applied from the battery, one volt 
appears across resistor Rl and two volts appear 
across resistor R2. The sum of the two voltages 
equals the source voltage, 3 volts. 

PartllI 

R 

.. J VOL T5 
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• ) VOL TS 
Rl 
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1\5 Rl 

Figure 3-12 



The currents in the circuits of 
could be calculated by us:tng Ohm's 
example, if R = 1000 n in part A of 
then the current is: 

3 volts =: "'-':"";:';;";;"::" 

1000 ohms 

= .003 ampere 

= 3 mill iampers (rna) 

3-12 
For 

3-12, 

To determine the current for B and C of 
3-12, the total value of resistance in the 

circuit must be known. The 
resistance of series and 

next. 

Resistors ill Series alld Parallel 

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

8 10n e 
20/1 

ACTUAL CIRCUIT EQUIVALENT CIRCUIT 

3-13 

Total R =: R \ + R2 + R3 

lOn t 20n + SOn 

" 80n 
After you know the total resistance, you can 
calculate the total current, I, as follows: 

- .0315 ampere 

37.5 ma 

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

1=1,,,,1 2 -1 3 

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

- 3 Ion 20fl son 
+ 

- VOLT 

ACTUAL CIRCUIT EQUIVALE:NT CIRCUIT 

Figure 3-14 

..'L:::.L+.Ltl 
R 10 20 50 

l" J.Q... t _5_ + _2_ 
R 100 100 100 

_ 17 
100 

17R - 100 

R ;;;; 5.880 

The total current in this circuit is: 

=~= 5~8~n == .51 ampere'" 510 me 
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The current through each resistor can also be 
determined. The voltage across each resistor is 
3 volts. 

3V 
'\ " IOn'" .30 ampere 

3V 
12 = 20n = .15 ampere 

3V 
13 " so-- = .06 -cm pere 

Total 1,+1 2 +1 3 

= .30 + . I 5 + .06 

" .51 ampere 

EXPERIMENTS 

In the following three experiments you will use 
the oscilloscope to compare various voltages. 
The height (H) oi a waveform on an oscillo
scope 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, 

'::: , 
V2 H2 

is twice H2 ,then V, is twiceV z . 

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 8. 
The circuit used for this experiment is shown 
in Figure 3-15. If Rl = R2, then the voltage 
should divide equally between Rl and R2. The 
sum, V I + V 2, should be equal to the total 
voltage across both resistors. 

AUDIO 
OSCILLATOR €V 

22 I< 

Figure 3-15 

o 0 0 

Part III 

Refer to Pictorial 2- 3 for the following steps. 

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

( ) Connect a second 22 K.Q 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 verbcalline appears. 

Figure 3-16 

Most oscilloscopes have a g:rid 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 hori.zontal axi.s. 
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li 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 mch, 1/2 mch, and 1/4 inch 
markers on the central hnes. 

( ) Turn on the oscilloscope and test chassis. 
Adjust the oscilloscope and test chassis for 
the signal used previously U1 Part II. 

( ) Turn the horizontal gain to the m:inimum 
position. This should result in a vertical 
line, 

( ) Adjust the height of the vertical line to 
six major ill1its 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 Kn 
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 Rl. 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 acrossR2.Record 
thIs value: __ units. 

( ) V I ... V 2 = 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. 
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( ) Disconnect the 22 K..<1 (red-red-orange) 
resistor from lug 2 of terminal strip E 
and lug 1 of terminal strip D and replace 
it with a 2200 n (red-red-red) resistor. 

( ) Connect one test lead from the oscilloscope 
to lug 1 of terminal strip E and the other to 
lug 2 of terminal strip E. This will measure 
the voltage across the larger reSistor, 22 
1m (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 n (Rl). Record this value: 
that is, V, = __ units. 

R I = It R 2, and the voltages should divide pro-

1 portionally; ,v, = 10 V 2' 

( ) Disconnect the test leads and increase the 
horizontal gain control ill1til a line appears. 

( ) Turn off the test chassis. 

AUDIO 
OSCILLATOR 

(0 
2200 

6) 
22 K 

Figure 3-17 
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o 00 
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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 19 shown in Figure 3-18. 

For the two resistors in parallel: 

1=' .f_1_ 
R R, R2 

1 = 1 
R 22Kn 

R = 11 Kn 

AUOIO 
OSCILLATOR 

+ 
22Kn 

<§) 
22 K 

Figure 3-18 

orn 
000 
000 

0.0 0 
o 00 

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

( ) Disconnect the 2200 n (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 Kn (red-red-orange) resistor. 

( ) Connect a second 22 Kn 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. 

Part III 

( ) Adjust the oscilloscope for a vertical line. 
Adjust the height to six maj or tmits. 

( ) 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, Rl and R2. Record this 
value: __ lll1its. 

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 Kn (red- red- orange) 
resistors used in this experiment from the 
test chassis. 

SUMMARY 

The amolll1t 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 

E 
R 

voltage 
current = .:....::.:..:.=.;:!.:.--

re s-j stan c e 

: current in "amperes" 

E = voltage in "vol ts" 

R : resistance in "ohms" 

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 re sistor . 

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 
reslstances (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. 

Ulld(!/,Shllldillg DC, A C, aud P DC CmulI! 

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 tr<U1siated 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
sUe 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. 

.. + 
& WIRE ~ 

- .... 
Figure 3-19 

2 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 in a 
minus direction will be shown below the 
zero- current line, 

+ 
ZERO CURRENT--~--------------------~~ 

-
-
-

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

Figure 3-20 

3. The amount of current nowing in the wire 
(Figure 3-21) will be shown by the dis
tance above or below the zeto-current line. 
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. 

ZERO 

+ 
4-;-----------------------, 
3 -
2 -
1-

• 
/A 

/c 
CU RR ENT -+--+''--------------t-

1- /B 
2 - • 
3-4-L ___________________ ~ 

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

Figure 3-21 
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4. Timl? elapsed (Figure 3- 22) is shown by the 
distance along the zero- current Une. Any 
convenient time value can be to 
this distance, depending on how rapidly the D 
current alternates and what the graph is ZERO CURRENT-+-------..:~---------~~ 

to show. 

-
-

ZERO -
CURRENT 

-
- TIME-
-

• 1ME IS SHOWN BY DISTANCE ALONG THE 
ZERO- CURRENT LINE, 

Figure 3-22 

5. When current reverses its direction offlow 
current does) this alternation 

takes place at a very rapid rate. 
Because of this fact, you may view a graph 
as an ultra-slow-motion-picture of 

place. 

DC Cun'em 

or direct flows in only one directton, 
current maintains a steady value (constant 

and shows up on a graph as a simple 
line. Figure 3- 23.) The DC current 

line could have been graphed below the zero
current line (note dotted line) i1 it flowed in 
the (minus) direction, 

OCCUR RENT 

- / 
ZERO CURRENT--~------====~TK~-----t-_ ~ TIME 

or 
direction and 
same time 
and then 

-1-------------- --- ,-._--

3-23 

flows first in one 
then in the other, while at the 

from zero up to a peak value 
to zero again. Following the 

3-24 will help you see 

3-24 

how the zero and rises 
rathDr amount of current flow 
in the at and then decreases 
back to zero at B, This much of the current 
flow has been in one direction since this 
action all took on the side the zero-
current Une, Then the current reverses and 
starts to flow In the direction. 
From B current bullds up to a 
peak at point and then falls back to zero 
at point D. Notice that this latter rise and all 
took place on the minus side oitha zero-current 
line. AC current, then, i8 two it is 
periodically in its 
and each time it 
current builds up to a and 
One complete of this action 
Figure 3 - 24. N oUee that one 
a rise and fall of current in one then 
a rise and fall of current In the other direction, 

poe Clln-wi 

PDC or pulsating direct current is direct 
current that varies periodically in 
(See Figure 3-25.) To put it another way, POC 
always flows in the same like 
DC current, bUt is changing in like 
AC current, PDC operates in and has a 
frequency, but this frequency refers to how 

+ 
ZERO CURRENT--1--~====~~~~~~---+

~ TIME 

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. X otlce 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. 

+ 
ZERO 

CURRENT--~----~----~~--~~~----~t-
~ II 

\ II 

\,,/' 
Figure 3-26 

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. Thls is because the PuC 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
rectton, 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. 

+ 
ZERO CURRENT--1-~--~~--~~--~~ 

Figure 3-27 

Freljllwcy 

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," 
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and has "frequency," a further discussion of 
these subjects is m order to see how this alter
nating and pulsating currene is related to audio 
and radio frequency signals. 

+ 
ZERO CURRENT--~--~~---4----~----~ 

I -,- , 
I CYCLE-: 

MORE THAN I CYCLE OF AC CURRENT 

Figure 3-28 

A plus swing followed by a minus swing, con
stitutes one cycle of AC current (see Fig'ure 
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) hOllse 
current, AC current at a frequency of 60 cps 
is usually used for house current in the United 
States. 

+ 
ZERO 

CURRENT 

.. I.-----io SECO N D --------i~~1 

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 ;ange is 
called audio. The term audio Simply refers to 
the fact that these electrical impulses could 
be heard if connected to a sound reprodUCing 
devi.ce, even though not 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 long distances, ii provided in sufficient pow
er and connected to an antenna tower or other 
radiating device, The range offrequencles 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 ordlnary 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 nwnber 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 current is in the greater 
number of cycles taking p1ace in a short length 
of time, 

+ 
ZERO CURREN 

104----- FRACTION 
OF SECOND 

RADIO FREQUENCY At:. CURRENT 

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 "s.ine" waves, 

Partm 

10 V 

DC VOL rAGE 
Jo V f------------

8V 

6V 

-5 V 

-6 V 

I t 
2 SEC 4 SEC 6 SEC 8 SEC 10 SEC 

Figure 3-31 

The variation of AC voltage as compared to 
DC voltage is shown in Figure 3-31. TaUBe such 
a graph, -pick a point on the horizontal Bcale, 
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 volls. The DC voltage is 
constant at <:I 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 
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40V 0 4---------~--------r 

l l~~~ \5V 

20V 

A B 

I I 
i I \ I 

I I 
2 3 

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 maxtmum or peak voltage of 
20 volts and a fre<luency of 20 cps. This graph is 
drawn with 40 volts equal to one inch on the 
vertical scale and one and one-balf 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 encOW1tered in 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 ma.y 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 W1der 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 VOl TAGE 
OF 40 V ADDED TO A 20 V PEAK 
TO PEAK SINE WAVE, 

50 V 

40V 

OV 

ovln n DO 
AC SOUARE WAVE 

NV\ 
FULL WAVE 
RECTIFIED DC 

f\ /\ 
VV 

CLIPPED SINE 
WAVE 

Figure 3-33 

!\ !\ !\ 
HALF" WAVE 
RECTIFIED DC 

-417 1 1 

SAW- TOOTH 
WAVE 
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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 Kn control on ilie test 
chassis is adjusted so that a sine wave 
appears such as in Figure 3-34. 

Figure 3-34 

Part ill 

( ) 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 ad.iust for minimum gain so that you 
see a vertical line, 

( ) Ad.iust the horizontal position (horizontal 
centering) control so that the Hne 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, 

Figure 3- 35 
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) Increase the vernier until 
one increase will 

a fraction of a The time 
of time for one horizontal 
of that for two 

The apprOXimate 
latio!1 from the 
second. Notice the 
position is such that it covers 
(On the Heathkit 10-12 UB(~U10S()Ople, 
.zontal selector is set a dot be-

These values are only 
a 900 per 

Ol:lt:alrled at this setting; 
also be obtained at the between 

This is generally 

) Decrease the 
You should see two 
to decrease the 
three 

vernier slowly. 
Continue 

until 

( ) selector 
adjust the 

different ex
of the waveform. 

exllm:pLe and count the number 

( ) Change the horizontal 

if you count 10, 
is 10 times longer 

a higher frequency range 
frequency vernier through range. 
In t. ... is position, little useful information 
about the waveform is Return to the 
original horizontal and 
adjust for two 

( ) the focus control and 
Reset the focus control for 

most distinct trace. 

( ) the control and notice the 
Reset this 
enough to 

These control will 
form for most applications. """ ... 'UJ..CLUJU""," 

such as external sync runplitude, sync I'Cl,C<';'kU! 

and phase controls Will be discussed 
as they are needed • 

Experiment 3-7 

This experiment will <.;u.<".1', .... '" 

cies visually on the 
audibly in the earphone, 

screen and 

) Connect one lead of the 
of terminal strip E and the 
1 of terminal strip F. 

1 

( ) Adjust the OSCilloscope and test chassis 
for the proper two-cycle waveform as in 
Experiment 3-e. 

( ) Decrease the 20 Kn control of the test 
chassis 'until the waveform disappears. 

} Slowly advance the 20 KG control whUe 
with the Watch the 

screen the first waveform to appear, 
You should see and hear the audio fre
quency waveform at the Bame Ad-
USl:ml:mt of the vertical control may 

necessary to this. 

} Continue to advance the 20 KG control of 
the test chassis imd note the change in 
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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 1m 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 osc illo8cope. 

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 dille rent AC 
currents. Time 1s 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. 
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CHAPTER 4 

Capacitors 

The capacitor is made by placing two conductors 
of large surface area close to each othel", 
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 electrkal size of the capacitor. 
This opposition is called capacitive reactance . 

This chapter will show why capacitors will pass 
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 '{lid Capacitallce 

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 

e e 
e 0 
0 0 
e 0 

e <2> 

e e 
e 0 
0 0 

~ 

A SIMPLE CAPACITOR CONSISTING OF TWO 
MET AL 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 3-3S), the electrical pressure m the 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, so the circuit 
is actually "open" as far as the battery is con
cerned .. Set current does flow in the circuit for 
a short instant, as the electrical pressure in the 
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 
symboli.zing 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. 

0 
e 0 e 
e 
e e e 
e 

0 0 
e 
e 
e <2> 

e 

'-_.-::1+ 
ELECTRICAL PRESSURE FAOM 8ATTERY 
·"CHARGES·· CAPACITOR 

Figure 3-38 
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0 
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0 

0 

A CAPACITOR HOLDS THE "CHARGE" PUT ON 
ITS PLATES. 

Figure 3-39 

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 amOW1.ts of 
electrons. A meter, connected to complete the 
circult 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 actton 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), 

Part lJJ ~fh'WUiiQJ 
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A CAPACITOR DISCHARGES AND NEUTRA
LIZES ITS PLATO AS SOON AS ~ CIRCUIT 
IS PROVIDED. 

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 "anBwer" 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 i.t 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. 

poe VOL TAC;E 

i"'t .DL 1 P"SSEo BY A --V -\~I_I-\-_..L __ CAPAC ITOR 

SI.OCICED 8'1' 
A CAPAC ITOR 

ov~----..L----

Figure 3-41 

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

-----1!I-( --

SCHEMATIC SYMBOL FOR F IXED 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 fall, 
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. 
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ACTUAL CAPAC I TORS ARE FREOUENTLY 
MADE OF METAL FO IL AND INSULATINC 
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. 

STAT~ ROTOR 

SCHEMATIC SYMBOL FOR VARIABLE 
CAPACITOR. 

Figure 3-44 
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CAPACITY 
CHANG£O BY 

ROTATINC SHAf T 

VARIABLE TUNING CAPACITOR . 

Figure 3-45 

The physical construction of a common type of 
variable capaciu:>r 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 acrOBS the 
plates, the number we get is always the same 
for anyone 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' 8 elec
trical size are the amount of effective plate 
area, and the distance between the two plates. 
The closer the plates are together (witilout 
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. AE. an example of 
this relationship, note that 1000 micromicl'O
farads is equal to ,001 microfarad, which is 
equal to .000,000,001 farads. Microfarad is 
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abbreviated mfd, /If or /lfd, and micromicro
farad is abbreviated mmf, mmfd, or /ljif. 

The term "picofarad" is now taking the place of 
micromicrofarad and is denoted pf. The term 
"nanofarad" (of) is occaSionally used for milli
microfarad. 

Capacitors ;11 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 fOT 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 2 ... C 3 + C 4 + C S Jete., when 

the capacitors are connected in parallel. 

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

Capacitive Reacta/lce 

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 tilis same force of 
repulsion works both ways. That 1.9, tile electrons 
on the second plate hinder the build-up ofnegaUve 
charge on the first plate. The capaCitor thus 
opposes the flow of current, The OPPOSition of a 
capacitor to current 1s measured by its ca.
pacitive reactance. For a simple Circuit con
sisting only of capaCitors and an AC voltage 
source, the capacitor reactance (symbolized Xc) 
can be used in Ohm's Law in place of R. 
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Although similar to resistance, capacitive re
actance dlifers 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, 

, = ~or E = J X~ or Xc = ~ 
Xc I 

The exact value of Xc for a cap~itor when it is 
connected across an AC voltage source is given 
by the equation X .J _ . In this equation, 

c 21TfC 

1T (Pi) equals 3.14, f is the frequency in cycles 
per second, C is capacitance in faradsL,and Xc 
is in ohms. If C is in microfarads, }I.e is in 
megohms. 
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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. 

R. C 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 with the ca
pacitor as in Figure 3- 47, the slope of the graph 
changes . By Ohm's Law E = m. As R increases, 
I decreases iI 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 and R 
is expressed in megohms, then time is also in 
seconds. This value is referred to as the "time 
constant." 
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Figure 3-48 

This characteristiC is used in design 
to give the time reference needed in moving the 
spot across the face of the Screen to 
be in with the waveform being viewed. 

Another type of RC circuit consists of resistance 
and capacitance in parallel. When PDC 
voltage is to such a circuit, the waveform 
is altered. Part A, shows such a 
circuit with to it, The resistance of 
R2 is made to the capacitive 
reactance of the C and the resistance 
of RI. 

the network 
the through 

starts to decrease below the 
voltage across the the ca-
pacitor starts to through the resistor. 
R2. This the drop in voltage across R2, 
The values the and resistance 
determine how much is delayed in 
decreasing across 

As the capacitor continues to through 
the resistor, a second increase in voltage starts. 
The increasing will charge the 
capacitor, results in 
leveling out the PDe to it look more like 
DC. This process 1s called Figure 
3-48, Part B shows an of this effect. 

If the resistance between the 
is infinite (an open 

is no leakage of the 
(that is, the 
the capacitor will maintain 
indefinitely. This situation is a source of 
serious danger to the unwary. The beginner 
in electronic s is often startled to discover 
that some instruments are even 

are turned off,If your hand should 
a circuit from one plate to another 

capacitor, directly, or from one 
othe:r through ground, the capacitor 

through you, Osc illoscopes are 
in this regard and the 

precautions should be used when 
this instrument with the cabinet 

EXPERIMENTS 

In the you will see and 
hear how the presence of a effects 
the 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 workin~ with the 
feedbaCk circuit when it is discussed in 
Chapter 8 in connection with oscillators. 

This will show why it is sometimes 
desirable to pass an AC current while block Lng 
DC current, This Is shown by a ca-

with a wire which will pass 
both AC and DC current. 

( ) the 
on the test 
form. 

( ) the .05 
nee ted from 4 
lug 3 of terminal 

and audio oscillator 
a two- cycle wave-

that is con
terminal strip A to 
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 other lead to lug 
1 of terminal strip F, 

( ) Turn the 20 Kn control through ita 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 itwith 
the ,05 jJ.fd capacitor. 

( ) Adjust the 20 Kn control for the proper 
two-cycle waveform. 

Experiment 3-9 

In this experiment you will see the effect of 
~hanging the size of capacitors in the circuit. 

Note the position of the frequency vernier. 
Record: -----'--.-' __ 

Replace the .05 jJ.fd capacitor from lug 4 
of terminal strip A to lug 3 of terminal 
strip B with a .01 /-Lfd capacitor. 

Adjust the 20 Ka control on the 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: _ . Also notice any change 
in the frequency in the earphone. 

Replace the .01 /-Lfd capacitor with a .1 
/-Lfd capacitor. 

Adjust the 20 K.\1 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 sOWid in the earphone. 

Comparing the values you recorded for the 
lliree positions of the frequenc. y 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, 
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( ) Replace the .1 /.LCd capaCitor with a .05 
/-Lfd capacitor and adjust for the standard 
two-cycle waveform. 

Experiment 3-10 

If two .05 /lfd capaCitors are placed in parallel, 
their total capacitance can be calculated as 
follows: 

C :0 C, -!- C 2 = .05 + . 05 =. 10 /l fd 

Therefore, if another .05 /.Lfd capacitor is placed 
in parallel with the .05 iJ.fd "feedback" capacitor, 
this increase in capacitance should decrease the 
frequency. 

( ) Connect a second .05 /.Lfd capacitor from lug 
4 of terminal strip A to lug 3 of terminal 
strip B. 

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

Ii the same two capacitors are placed in series, 
their total capac Hance is: 

L = _1_ + _1_ = _1_ + _1_ 
C C, C 2 .05 .05 

1 2 
C = :05 
C - .025 pfd 

This decrease in capacitance should increase 
the frequency of the audio osc.illator. 

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

( ) Disconnect one of the two .05l1fdcapacitors 
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 Kn control of the test chassis 
if necessary, and note the frequency change. 
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( ) Remove the .05 /lfd capacitor from lug 4 of 
terminal strip A to lug 2 of terminal strip 
D. 

( ) Discormect 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 wa.veform and re
move the earphone connections from the 
test chassis, 

( ) Turn off the oscilloscope and test chassis. 
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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 in parallel 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 
wrre, the diameter of the ttu-ns, 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 coUs, and speaker coils used in radios 
are examples of not- so-well lmown inductors. 
An inductor with a capacitor make up a very 
speCial circuit called the tuned circuit. 

n 
SCHEt.4ATIC 
SYMBOL 

SCHEWI-TlC 
S'OolaOl 

~ 
~ 

VARIA8lE 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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M ague/ism and Currelll 

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". 

MAGNt TIC LI '" tS or 
rORce AflOUND 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 now in a wire by moving the wire 
through a magnetic field. The magnetic lines 
of force arO\U1d 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 the first part of the wire loop 
cut across the second part of the loop and in
duce a back current. This back current 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. 

Figure 3-51 

Paire 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 (el.ec
tromotive force) 1s 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 coU is 
1 henry. 

Pure inductances in series and parallel add the 
same way resistors do. For inductors in series. 
L = L I + L 2. + L 3 + L 4 + L 5 • For inductances 

in parallel, ~" _,_ + _1_ + _1_ + _1_ + " 1_ 
L L, L2 L3 L4 Ls 

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

Tramformers 

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 to the first 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 on the number 
of turru 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, i! the number of 
turns in the secondary coil is twice the number 
of turns in the first coil, c2Jled the primary 
coil, the voltage will be doubled. l{ thet'e ".re 
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 and iron core tr:l.",-sformer s 
are shown iIl Figure 3-52. 
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Figure 3-52 

inductive 

Inductance opposes the flow of current as does 
resistance and capacitance. The to 
current flow in a coil is called inductive re-

Like capacitive inductive 
reactance depends on the frequency. Whereas 

reactance decreases with an increase 
inductive reactance increases with 

an increase in frequency. When the 
is zero current) the inductive reactance 
is zero. 

The formula for inductive reactance 
Xd is XL 211' fLj where 11' 
the 

Like R and XL can be used in Ohm's Law 
only if inductance alone is present in the circuit. 

To use Ohm's Law in a circuit containing 
reSistance, and the 

are combined in one called 
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lice 

The total of the circuit to current is 
called the liZ" of the circuit. II the 
circuit contains the Is 

to the reSistance. Ii the circuit contains all 

This is true because X 
the current flow in ... ".~".,..""'" 
only the m ca-
pacitance and inductance 
the 

store and release 
and mductance differ 
is the energy, 
\Vhen the .... "'<!J""_n''''''' .. 

inductance is 

Inductive reac,tance and calpa()ltil'Ve reactance are 
both called " but because 
function m are considered 

Because of the total 
actance is equal to the difference between 

, Reactance can be of as 
It is used in calculating the 100-

of the If X than Xc. 
then the reactance X - Xc' If Is 
than Xl., then the X 
The for the 
Circuit is: Z:2 R 2 + 

R is the reSistance of the circuit and X is the 
reactance of the to the difference 
between the the in-
ductlve in 

Irrl'OE!d3ll'1Ce can now be used 
R in Ohmls Law for 
Ohm's in its 

E = I Z or E or Z T 
ReSQnatlt 

A circuit ofa 
all connected in 

source is shown in 
circuit is called a series 

a and a 
series with an AC 

3- 53A. Such a 

3- 53B shows a tuned 
will be constructed in 
circuits are resonant at one 
cy; the of the Circuit 
the frequency and is to R for a 

called the resonant 
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RESONANT 
FREQUENCY Ac::r '~ 

• 
FREQUENCY 

B~ I· (, f' v~ 
• 

FREQUENCY 

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 Uie 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 XL = Xc. XL - Xc = OJ that is, the re
actance of the clrcuit 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 impedanc~ 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, Land C used. The sharper 
the peak on the current frequency graph, the 

(0 
6800 
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greater is the selectivity or sharpness of the 
circuit , 

The RLC circuit has many applications in such 
fields as radiO, amplifier stages, radio frequency 
oscIllators, and others. The tuning circuit of a 
radio consists of a fixed coil, som e reSistance, 
and a variable capacitor. A radio station broad
casts its Signal at one particular fr equency. 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
fler feedback and a tuned circuit. You will 
exa~ine the t~ed circuit variation as shown 
by the shaded area 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. 

CIRCUIT nl""" .. r.Y OCHIWJNIN<O 

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 rlUlS to lug 4 of 
terminal strip A. 

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

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

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

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

( ) 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 oftermi
nal strip C to lug 1 of terminal strip E. 

( ) Install transistor Q3. Connect lead C to lug 
3 of terminal strip C. Connect lea.d 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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( ) If the oscillator does not oscillate, connect 
a 100 Kn (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, XL no longer equals Xc 
for that frequene y. 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 oscUlating. This happens 
because the inductive reactance becomes too 
small. 
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( ) 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 XL. Since X equals the 

difference of XL and Xc, then Z = ~X~. 
Z is also measured in ohms. 

In an RLC circuit the impedance changes with 
the frequency. At a particular frequency, the 
resonant frequency when XL = X c and Z 
equals only R, the circuit can be made to oscil
late easily. This is a tuned circuit. 
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CHAPTER 6 

Semiconductors 

Between conductors and insulators are semi
conductors, which only resist electric 
current. Such materials as germanium and sili
con, in special make up a long 
line of important semiconductor devices. Tran
sistors, varistors 
and solar cells are made of semiconducto; 

In thi.s the diode and translstor 
will be discussed. The trans\stor as a circuit 
element is shown. And in this chapter the 
ampliiier is -discussed. You wm then buiid a 
transistor in the 

5 emiconduelol' Materials 

Semiconductors are a group of materials that 
are in the center of the resistance spectrum. 
These materials characteristics 
caused by structure. 

Pure semiconductor materials have a rather high 
resistance to the flow of electric current 
When are added to the semicon~ 
duetor material and of these 
impurity materials are controlled), 
the material has much less resistance to the flow 
of electric current. When one type of 
is it causes a semiconductor 
to have many excess electrons; this 
type of semiconductor shown in Figure 
3-57, is called "N" 

When another impurity is added to the 
semiconductor it causes a shortage 
of electrons in a semiconductor material; this 
type of semiconductor crystal, also shown in 
Figure 3-5'1, is called "P" type (positive). 
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+ + + 
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When N type and P semiconductor crystals 
are joined together in a crystal diode, as shown 
in Figure 3~ 5 B, an unusual and very important 
phenomenon occurs at the "junction" where the 
two are When the positive termi-
nal of the is connected to the N type crys~ 
tal and the terminal of the battery is con-
nected to P crystal, the junction 
appears like a very reSistance (almost like 
an and the tiniest trickle of 
current is able to flow. A PN con
nected in this manner so that almost no current 
flOWS, is said to have reverse bias applied to it. 

When the with the negative 
terminal to the N crystal and the 
pos itive terminal C01Ul€cted to the P type crystal, 
current flows and the PN crystal acts like 
a small resistor like a conductor). A PN 

connected in this manner sothat the cur-
rent flows it, is said to have forward bias 

to 

A PN crystal junction, therefore, acts like a 
reSistance when current tries to flow 

it in one direction, and acts like a very 
resistance when current flows it in 

the other direction. This makes 
material different from ordinary resistance 
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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 translstor is also like having two 
semiconductor modes, made from only three 
pieces of crystal material. 

PNP fYPE TRANSIS mR 

COLLECTon 

N 

" 

[~11 T£~ 

CRVSTAL CONSTRuC"r'ON 
or T"r '~ANSISTOR 

eASE 
(Bl E[J

COLLtCTOR 
(t! 

E .... TTER 

(E' 

nECTIUCAL SYMBOL 

Figure 3-60 shows how junction transistors are 
constructed, and their schematic symbols, At one 
end of the PNP transistor is a large "P" type 
semiconductor crystal called tile 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, except that 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. 

PN YPE TRANSISTOR 

COL~£CtOR 

.. 

p 

" 

!lASE 
(a) ([)

_COL(~~lOR 

eMlflEA 
(El 

CRYSTAL CONS To.UCTION 
0; THE iRANSISTOR 

ELECTFlICAL SYMBOL 

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 current and sending it back 
through the rest the circuit to the battery. 

The Transistor as a Circuit Elemeut 

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

In Figure 3-61 a 1000 ohm 
connected in series with the resistor. 
In Part A of Figure 3-61 the variable resistor haa 
been adjusted to a resistance ot 250 ohms. The 
Ohm' e Law calculation shows that .008 amperes, 
or B milliamperes of current is flowing through 
the The lower calculation shows that 8 

of current flowing Rl 

(B) 

CIRCUIT CURRENT = _;;;-:;;-:-;--;:: 5 MA. 

VOL T AGE ACROSS R r E IR ~ 5V. 

3-€11 

causes 8 volts to be measured across resistor 
Ri. The 2 volts appear aCross the 
variable 

In B of 3-61 the variable re
sistor has been adjusted to a. resistance of 1000 
ohms. Now j 5 milliamperes of current is flow
ing through the circuit. This 5 milliamperes of 
current waugh resistor Rl causes a 

of 5 to appear across RI. The re-
5 volts, appears acrosS the 

resistor. 

Thus Ille voltage across the series resistor (Rl) 
changed from S volts to 5 volts. This is demon-
strated in the two schematics of 3- 61 
which show that turning the shaft of variable 
resistor controls the Circuit current. Therefore, 

the shaft controls the developed 
across series resistor R1. The amount that the 
voltage across Rl depends on how far 
the shaft is turned. 
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Figure 3-62 

A transistor changes circuit voltages and cur
rent (see Rl) electrically by changing the 
transistor control voltage of battery #2. Figure 
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 current to 
flow in the circuit. The 3 milliamperes of cur
rent causes 3 volts to appear acroSS 1000 ohm 
resistor Rl. 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 milUam
peres of current flows in the circuit. With the 
larger current, 6 volts now appear across re
sistor Rl. USing Ohm's Law to calculate the new 
resistance of the transistor in the 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. 
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HOW TO CONTROL THE CURRENT FLOWING THROUGH A TRANSISTOR 

F"OIi!WARD alAS 
LARGE CURRENT FLOW 

REVERSE BIAS 
ALMOST NO CURRENT FLOW AT ALL 

NOTE THAT THE BATTERIES ARE 

CONNECTED IN OPPOSITE DIRECTIONS. 

How /0 COll/rO/lhe ClIrrent Flowing Through 

II Transistor 

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

Useful amounts of current will flow in one 
direction a junction, When the battery 
is connected to crystal in such a direction 
that current flows, the diode junction) is 
said to have "forward bias" to it, When 
the is connected so that p:nctically no 
current nows, the diode junction) is said 
to have It reverse bias" connected to it, Semi
conductor diodes that have forward bias and 
reverse bias 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 and the other is 
between the Base crystal and the Collector 
crystal, A NPN type transistor is shown in 
Figure 3-

3-63 

To make the tranSistor operate 
batteries are connected so that 
to-Base has forward bias applied to 
it, and Base-to-Collector has re-
verse bias applied to it. Because the BaBe 

is actUally constructed so that it is very 
thin (sometimes only about 1/1000 of an Inch 
thick), most of the current leaves the 
passes the thin Base 
flows to the As a a very 
small current flows from the emitter to the Base, 
and a. comparatively current flows from the 

BASe: ........ 
I MA 

COLLECTOR 

N lMA 
\ -=-.::..- EMITTER 

~ 
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 Emltter 
to the Base controls the large current lliatflowe 
from the Emitter to the Collector. This smaller 
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Emitter-to-- Base current causes changes to take 
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 
11ke a large variable resistor. This large 
variable resistor usually stays large compared 
to the smaller resistor. 

~"CUIT 
, , .. . . .... ACTS LIKE .... ....... THIS CIRCUIT~ 

-1 C 

- - - \ · - - ~ < • -
(' - - -

- -
- - -

- -> - - N N • 
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• 1 - • 1 , , 
- - - 1 ,-

B- + + + + 
+ + + + 

+ + : ~ 
p B A " ...... ___ " p ;. +- .. ~: + ~+ 

1 
- - - -- - - -

-- -, -+ - - 1- -
- - - - -
- - - N N 

r 
- - -
- - - -
- - - -

EI 

- - , - -
I - - I - -

- - I - -

E 

Figure 3-65 
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Fig1.lre 3-66 

Figures 3-66 and 3-67 shows how the Emitter
to- Base current aifects 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 smaU voltage causes 
a smal L 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 current flows 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 causes the var
iable Base-to-Collector resistance to become 
smaller, thus allowing a larger current to flow 
from the Emitter to the 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 a transistor, will control the 
current flowing in a transistor almost as ii 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 Trallsi5lor 

There are two types of transistors, the NPN 
type and the PNP type. In the explanations of 
previous paragraphS, NPNtransistors have 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. Thil> 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 
could be explained by observing the flow of 
electrons as you have done in previous lessons. 
As you follow the flow of electrons from 
the Collector to the Emitter, it would seem as 
if the current were flowing backwards in the 
transistor, In the type of explanation that will be 
used, however, the Emitter is still emitting the 
current into the transistor and the Collector still 
collects current as before, The following par
agraphs will explain how and why this is done. 

Hole Currenl 

Engineers and sCientists explaln 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 m. See Figure 3-68. 
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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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Figure 3-69 

A Simple Om:· Transistor A III/Jlificr 

Ampliiiers 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 ampliiier takes the 
small signal from the microphone, or phono
graph, and ampliiies it until it i s large and 
powerful enough to operate a speaker. 

Figure 3- 69 shows a complete one-transistor 
amplil'ier. The audio signal from the crystal 
microphone is connected across a potentiometer. 
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 Rl 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 __ _ 

---TAKES THE, 
PLACE Of 

RI 

Figure 3-70 
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Figure 3-71 

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 notable, 
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 
Cl to resistor R2. The signal voltage across re
sistor R2 controls the Emitter-olo-Base current 
of transistor Ql. 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 audioo signal appearing across R3 
then passes through capacitor C2 and is applied 
to the Base of transistor Q2. Capacttor C2 
keeps the DC voltages of the two translstors 
from being mixed together but allows the AC 
signal voltages to pass from one transistor 
circuit to the other. 

Now, a.t 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, a.nd 
the audio signal is enlarged a second Hme, just 
as it was in transistor Ql. 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 RS 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 sOW1d 
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 3-73A. 

Disconnect from lug loftermi
nal strip E the 3-1/4" wire that 
rW1S to lug 3 of terminal strip 

C. ~ 
( ) Reconnect to lug 1 of terminal v, .. .. ,''',' 

strip E the 6" Wire that rW1S to 
lug 2 of terminal strip F. , 

Figure 3-73A 

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

( ) Remove the .05 /lfd capaCitor from lug 1 
to lug 4 of terminal st'rip 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 and the 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 Xl 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 can be 
seen, Adjust the 20 Kn control funy clock
wise, 

Try several sources of sound such as 
whistling singing, talking, etc. Note the 
d.ifferenc~ of waveforms between "noise" 
and whis1ling. 

( ) Using a steady amplitude (intensity) level 
of sound, change the oscilloscope lead from 
lug 2 of terminal strlpFtolugl 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 chassls, 
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Semiconductor materials are resistive mater_ 
ials that have special characteriStiCs caused by 
their crystal structure, 'When impurities are add
eel to these: semiconductor materials it CaJ.lses 
either excess electrons in the semiconductor 
matedal (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 ru:::ross the 
junction where the two crystals join. When an 
electrk current goes through this PN crystal in 
one direction, the crystal appears to have a very 
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 semiconductol' Cl'Y
stals. A very thin waleI' of one type of crystal 
IS placed between two larger segments of the 
other t}rpe of crystal. Current flows into this 
transistor from the crystOl.J 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 
atnount of the total current from the Emitter of 
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the transistor Dows from the Emitter to the 
Base. Because the Base is so thill, most of tb.e 
current passes through it to the Collector. 

The small current that nows from the Emltter 
to the Base of the transistor controls the large 
current that flows from Emitter to Collector. 
Wh<:n the Emltter-ta-Base current is smaller it 
acts as if It were closing a gate between the 
Em.ltter and Collector, which allows less C\lr
rent to flow through. When there is a larger 
Emitter-lo-Base current it acts as jf it were 
opening a gate 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 fron'l the Emitter to the Collector, 

In a two- tranSistor amplifier the electrical 
sound Signal from the microphone is amplilled 
two different times. One transistor ampl!1i.es 
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 translstor 
would be one hundred times larger than the sig
nal that was going into the first transistor_ 

2 , 

Figure 3-73 
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CHAPTER 7 

Vacuum Tubes 

Ii two metal plates, or electrodes, are enc lased 
in a vacuum by a glass tube, we have a simple 
vacuum tube called the diode. Adding another 
m::tal 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 Tllbe 

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 DIODE TUBE 

CATHODE 

PLATE 

THE TWO MA IN [L EMENTS OF A DIODE TUB~ 
ARE THE CATHODE AND THE PLATE. 

Figure 3-74 

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 from their 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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Figure 3-75 
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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 

e ® 

t 
LATE (COLO) 

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 BO that 
the electrons will not be slowed down by any 
ail' 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, 

If the battery is reversed as shown in Figure 
3-77, 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. 

BATTERV 
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Figure 3-77 
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HALF - WAVE. RECTIFICATION 

Figure 3-78 

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 
haU of the cycle would not. The current is thus 
rectified, and the resulting waveform is haU
wave rectified DC. The Circuit with one diode 
for rectifying AC current 1s sbown in Figure 
3-78. Two vacuum tube diodes can be arranged 
as in Figure 3-79 to produce full-wave recti
fied DC. 

J 

F'lJLL-IitAVE RECTlTlCATION 

Figure 3-79 

A mplificalion 

The importance of amplification by a triode 1s 
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 multl
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 curr ent is supplied by a separate 
current source. The large output current is 
merely regulated or controlled by the small 
ilWut 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 th is sort of arrangement, the pressure 
from a simple garden hose could regulate the 
flow of millions of gallons of water. 

Figure 3-80 

Part III 

In a triode, the voltage to be ampliiied IS just 
like the pressure in the hose. The large water 
duct is like a diode. The water in the larg'e 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 apphed to the gri.d to 
regulate the current through the diode m 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 shownJ 

PlAT( 

tW!i:Il+t--li--- H[A'H.R 

A Figure 3-81 
B 

If no voltage is applied to the grid, the tube 
operates just like the diode already discussed. 
If now a small negative voltage, called a negative 
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 
C'lectrons 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 ('loser to the 
cathode than the plate. This is where ampli
fication comes ill, 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 applied to the 
grid along with the negative DC voltage. li the 
input voltage 1S 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 positlVe 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. 

II a negative input voltage is applied to the 
grid along with the negative bias voltage, the 
flow [rom the cathode to the plate is reduced 
because of the increased repulsion between the 
grid and the cathode. [f the total negative gTid 
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. 
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Figure 3- 82 

TR 100 E OUTPUT 
VOLTAG[ 

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 hali 
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of the AC cycle, the resulting output voltage 
would be clipped voltage, as shown in Figure 
3- 83. Sinc e 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 oper ating voltages. 

:w-
LA RGE A C INPUT 

VOL TAGE 
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Figure 3-83 

TelJ'{)des 

TR lODE OU T PtJT 
VOl TAC.~ 

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 gri.d 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. 

CAPACITANCE 

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

Figure 3-84 



Page 72 

The tetrode tube decreases this intere\ectrocte 
capacitance and makes the tube operate more 
efficiently by adding another grid between the 
control gnd 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 io Figure 3-85. 

I'LLTt .sl~IIGH' DOWN YI[W 
or 'fUEl' <ltM~rct). 

O ""HN 
cC('rtQ.C\ .:: _ GIHO "",. 

I 
nit TUSl:OIH TU&e: ACOl AN J,OOITlo.o.:AL rUMeN'. 
Co\LLEO A ~[(N CR ID TO n l[ 'run. 

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 grid can be 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 ampliiication to occur in 
the tube, Also, the screen grid shields the plate 
of the tube from the control grid, causing the 
intcrelectrode capacitance between these two ele
ments to be much smaller. This improvem~nt 
allows the tetrode to be used much more widely 
in circuits where interelectrode capacitance is 
such a serious problem. 

Part ill 

The main disadvantage of the tetrode tube is the 
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 
Imock 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 oJ the 
electrons will return to the plate. If there is 
a higher voltage on the screen grid, then a great 
many of these electrons will go to the screen 
grid. The results of this "secondary emission" 
in the tetrode can be senous distortion or lower 
amplific aEon than would otherwise be possible. 
The effect of secondary emission can be mini
mized by adding a third grid. 

SECONDARY EMISSION 

IN A TETROOE THE ELECTRON3 KNOCKED FROM THE PLATE OF 
THE TUBE CAN BECOME A SERIOUS PROBLEM. 

Figure 3-86 
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In the pentode tube the third called the 
suppressor grid, is between the screen 
grid and the plate of the tube and is used to 
isolate the screen from the of the 
tube, It is generally connected to or to 
the cathode of the tube, The electrons that are 
knocked loose from the 
vented by the more 
suppressor grid from traveling to screen 
grid, This forces them to return to the 
See Figure 3-87, 

SUPPRESSOR 
ORID 

CONTROL 
GRID 

PLATE 

CATHODE: 

SCREEN 
GRID 

"I'..CTHtx 
PENTOD. 

CAU ,0 A SU;:PRE:!.SOl< GRID, IS Aooro IN THE 

3-87 

Since the suppressor 
wire mesh the electrons 
cathode to the plate tend to pass 
it. Because it has a 
with respect to the 
the electrons that tend to bounce the plate. 
The screen would now be isolated from the 
plate, therefore a much can be 
placed on it, This causes be much 
more efficient than either the tetrode or the 
triode, 
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Because the cathode of the tube is very close to 
the Suppressor grid is quite 

connected to it instead of to This is 
done for since the cathode 
connection of the tube is often closer to the sup
pressor than a connection. In some 

the Suppressor is connected to the 
cathode mside the tube. 

SUMMARY 

The diode consists of a hot cathode, from which 
electrons are emitted, and a positive 
which attracts electrons. 'The cathode is heated 

a heater filament, 'The diode is a one way 
circuit element. One diode used for rectifica
tion results in balf-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. Becli.use a small signal at the grid of the 
tube can control a large amount of current flow-

through the tube, the grid signal is made 
much larger in the plate circuit of the tube. 'This 
is called ampliflcatlOn, 

When the tetrode was developed it offered some 
over the triode tubes. The tetrode 

has an additional grid, called a screen which 
draw electrons to the 

also decreases the interelectrode 
between the control and the of the tube 

isolating them from each other. The main dls
of the tetrode is the undesirable effects 

emission from the 

The pentode has a third called a sup
pressor gyid. This minimizes {he sec
ondary, emissIon previously The 
pent ode has higher ampll1ication than the triode, 
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CHAPTER 8 

Osc ilia tors 

An oscillator is a device that is used to 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. 

.t..uOlO 
r~OOUt:NCY O$CILLA"TOO 

t~ G"I'CU:S-I:':C\OOO"'\.J (1;)or<.C) 

Figure 3-B8 

RJo.t)IO ~NCY 

OSCltLATOR 

Figure 3-B8 shows two test oscillators used to 
design and repair radio receivers, a.nd other 
types of electronic equipment. The audio oscil
lator creates a signal that can be used in testing 
audio circuits. The RF oscillator creates sig
nals that can be used to test RF circuits. Tbe 
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. 

Ose i!l tlt i 0 II 

By definition, to oscillate means to swing back 
and forth. A common example of this would be 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 to move in each 
part of the cycle, and how far it moves in feet. 

Four seconds of time are shown hOrlzontally 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 0 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 
o position. At the end of four seconds, the swing 
returns again to position Y, or 0 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 in this same 
manner; the current must flow first in one di
rection and then in the other direction, 

MOTION OF THE BOY IN THS: SWINe. PUT IN fORM OF A GRAPH 

riME IN 
SECONDS 

Figure 3-89 

Z~'+-----1 
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Ii 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 oscUlation 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 amOWlts 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 CirC/lils Need to Olcillale 

When some of the output signal 01' an ampli
fier is connected back to its own input, in such 
a way that tt adds more voltage to its own input 
signal, the amplifier begins to • 'oscillate ." As the 
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 Figur e 3 - 90, When the gain of a public addres s 
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 ls 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. 

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 inverted every 
time they pass through each stage of an am
plifier. This is shown in Figure 3-91. Note 
that the output signal is turned over, 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 iB shown decreasing at the 
input and it is increasing at the output of the 
amplifier, If Borne oI this output signal were 
cormected back to the input by a capacitor, as 

P01,YNI 
rcCl)IA.C':' 

II ' 

I ST HAL, 2ND HALF 
CYCLE CYCLE 

I 
I 

Figure 3-91 

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

The amplifier of Figure 3- 92 contains two ampli
fier stages, Ql and Q2. In this case, the signal 
from the input of the amplifier has been in
verted in transistor Ql just as it was in the 
previous circuit. The inverted signal from 
transistor Ql 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 1s called 
positive feedback. 
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Now, when the output of the two stage amplifier 
is fed back to the input, it adds to the input 
signal instead of subtracting from it. This 
causes an oscUlation to occur, and once this 
oscillation has been started, no input 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. 

A n A IIdio Oscillator Circuit 

Figure 3-93 shows the circuit diagram of the 
audio frequency oscillator supplied with this kit. 
The shaded areas point 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 amOill1t offeedback desired. 
Capacitor C3 acts as a filter to prevent un
wanted frequencies from distorting the audio 
frequency of the oscillator, 

e 
1000 

A II RF Oscil/ator 

TO 
OSCILLOSCOPE 
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Figure 3-93 

RF oscillators have the same requirements as 
audio OSCillators; an amplifier, feedback, and a 
frequency determining circuit, In the RF oscU
lator circuit of Figure 3-94, these requirements 
are shown in their three separate (shaded) areas. 
The amplifier area includes tranSistor Q3 and 
bias resistor RI. 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: In Figure 3-94, this oscillator, 
like most RF OSCillators, a way has been found 
so that a one-transistor amplifier can be used 
instead of a two- transistor amplifier. The input 
signal at the Base of the amplifier is inverted 
only one time in the ampliiier instead of twice 
as in the previous (audio) circuits. The signal is 
inverted the second time in the tuned circuit be
cause of the way the feedback capaCitor is con
nected to it. 

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, Sincs 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 ampUiier and the circuit begins to 
oscillate. 

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

THE TUNED CmCUIT: It is apropertyof a tuned 
circuit to contain electrical energy. In it, a cur
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 t1.U1ed Circuit contains electrical 
energy as it moves back and forth, 

~)~.o_~ ____________ , 
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The current will circulate back and forth in tile 
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 each cycle to keep 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 1s 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 
circult, 

ModulatiJ1g the RF Oscillator 

Figure 3-95 shows the AF oscillator and tile 
RF oscillator combined into one circuit. The 
output of the RF osc.illator is cormected to the 
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oscUloscope input. The shaded areas indicate 
the additional circuit elements necessary to 
connect the two oscillators together. The 100 
K.\l, potentiometer is used for adjusting the 
amount of AF imposed on the RF. The ,01 /lfd 
capacitor provides an AC path to ground but 
not a DC path to ground, 

In Figure 3-95, both the feedback circuit of tile 
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 that there are 
times when they are both of the same sign, and 
other times when they are of opposite sign. 

Figure 3 - 98 shows "hUls 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 leS6 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 
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Figure 3-97 

impressed on the RF over 100% modulatiou 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 thiB experiment you will connect the RF and 
AF oscillators together to examine "modulated 
RF." 

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

} Disconnect the 6" wire from lug 1 of 
terminal strip E and connect it to lug 3 of 
terminal strip A. 

Connect the ,05 J1.fd capacitor from lug 3 of 
terminal strip B to lug 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 to lug 1 of terminal strip E. 

Connect a .01 J1.fd capacitor from lug 2 of 
terminal strip E to lug 1 of terminal strip D. 

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

( ) Turn the 20 KO control on the test chassis 
to the minimum pOSition. Adjust the 100 
KO 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 Kn control during this adjust
ment, 

Q .05 L1FD 
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Turn the 100 Kn control until the waveform 
is one-half its maximum amplitude, 

Slowly turn the 20 m control until a 
waveform such as in Figure 3- 96 appears. 

( ) Slowly turn the 20 1m control toward the 
maximum pOSition and note the changing 
waveforms. You should observe all theBe 
wa vef orms, as in Figure s 3- 96. 3 - 97, and 
3-98. The frequency vernier may have to 
be adjusted slightly as you do this pro
cedUl'e. 

( ) 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 and the audio 
oscillator will be converted to a two-transistor 
amplifier to obtain the necessary AF voltage to 
modulate the RF voltage. 

( ) Remove the .05 J,Lfd 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 Kn control can 
be turned until the desired level of AF is 
imposed on the RF signal. other sources of 
Bound should also be tried, 

( ) Turn off the oscilloscope and the test chas
sis. 

~-I-----r-----() TO 
OSCilLOSCOPE 

TO 
OSCillOSCOPE 

GROUND 

Figure 3-99 



Figure 3-100 
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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 will go 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 slgnal will be m 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 transistOl'S 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 circmt elirumates 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 signal to 
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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Oscilloscope Theory 

Figure 4-1 
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The oscilloscope has a wide range of abilities. 
It ctisplays visually the quality as well a.s the 
quantity of voltage. Details such as amplitude, 

pbase shift, frequency, waveform distortion, and 
pulse duration may be displayed on the screen 
of an oscilloscope. 
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o o 
SCREEN OF OSCILLOSCOPE 

Figure 4-2 

You can use the 
voltmeter to measure 
unlike the the 

additional 
compares these two instruments in 
115 volt, 60 cycle household AC. Other sine 
waves could be measured The volt~ 
meter indicates a the 
oscilloscope indicates the same 
well as the waveform of the 
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 effective value of the voltage. 

Most vibrations or oscillations that Occur in our 
electrical or mechanical, can be 
the . If they can be 

converted to a changing the osct11o~ 
scope can display their Transducers 
are used to convert mechanical oscillations into 
electrical oscillations. The in your 
phonograph and the photoceU in your Ughtmeter 
are examples of common transducers; they con
vert physical energy, such as light 01' movement, 
into electrical energy. 

Several types of oscilloscopes are deSigned for 

scopes. 

Most 
the 

For example, there are 
for voltage level compariSons, 

limited-frequency 
purpose oscillo-

are and 
purpose can be oon-

Part IV will examine a general 
purpose The circuits described 
in Part IV may d1ifer in Borne details from those 
of your but the results are simi
lar. 
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SYNC CIRCUIT AN!> ICRTI 
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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 lihows 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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CHAPTER 1 

The Cathode Ray Tube 

Figure 4-4 

The CRT or Cathode Ray Tube is a special 
vacuWll 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 to convert to a complex variety 
of electrical signals into visible waveforms. 

THE ELE.CTRON 
GUN 

DEfLECTION 
PLATES 

The CRT 

Figure 4- 5 shows the physical construction of the 
CRT. Externally the tube can be divided into 
foUl' parts: the base, neck, bulb and the face. 
Internally the tube can be divided into foUl' dif
ferent parts: the electron gun, deflectionplates, 
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 electron 
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. 

rACE 
or 
TUBE 

LUORUCENT 
SCREEN 
(ON THE INSIDE 
FACE Of T~E 
TUBE) 

AQUADAG 
COATING 

Figure 4-5 
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Figure 4- 6 

Tbe Elec/ron GU1I 

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 ass.embly is placed in the neck 
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 preaccE:lerating electrode; open 
at one end and closed but for a small hole at the 

GRID 
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other end. The third assembly is a small disc with 
a large hole. Th is 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 emlt electrons in the general 
direction of the screen. The anodes, placed 
between the cathode and screen, are made very 
positlve with respect to the cathode. The larg-e 
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, 

rOCUSING ANODE 

ACCELE RAT IN 
ANOOE 

Figure 4-7 
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SCREEN 

LAt..AP 

Figure 4-8 

The focusing anode is made less positive with 
respect to the two adjacent anodes. The regions 
between the electrodes act on the electron beam 
in the same manner as a glass lens acts on a 
light beam. Figure 4- 6 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 4~7); the second is the black coo-

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

Another method used to accelerate 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 faBt it has only enough time to 
cause the screen to fluoresce dimly. This 
situation occurs quite frequently in observing 
transient (noo- repetitive) waveforms, where the 
waveforms do not recur at a regular rate. 

;l /~[~--[----___ --J----!!.-_ ~-_l _____ _ 
~ r--- --- - - = =-...:-=-----:-~"""'-'--- -.. ---~- ---~z '- -'- --- 1--------

CATHODE --- ---7- \ 
CONTROL PREACCELERATION fOCUe.INC ANODE 
GRID ANODE ANODE 

Figure 4-9 
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 Figure 4-7. 
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 strol)g 
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 on the electron beam. 
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 I 
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 1s 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. 

E 

Figure 4-12 
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A more practical sawtooth waveform would be 
like the one displayed in Figure 4-13. Graphic 
information generally flows from left to right. 

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. 

A 

'" " 

+ 

c 

B 

Figure 4-13 

~ 0 9i!;~------"'_---; ~ ,.., 
~ 

RETURN TR,o.C!:,!! 

o 

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. Th..:: spot 
moves across the screen at an even rate. 

o 

o 
I 
I 
I 
I 

o 

o 

-------~) '- VOLTS 

-~---- -----

( 

t 

'-
---'....:.......,,- - -- C ------'" 
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VOLTS 

Figure 4-14 
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Figure 4-15 

Figure 4-15 shows a sine wave applied to the 
vertical plates; that is, tha plates that cause the 
beam to move up and down. Again the dotted 
line connects corresponding pOints on the sine 

curve and on the screen of the CRT. A vertical 
line is traced out, but it does not move up 
and down at an even. rate. 
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Figure 4-16' 

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, 
dotttd lines connect corresponding points of the 
appl1ed waveforms to the waveform displayed 
on the screen. 

In oW' example, the frequency of the sine wave 
and the sawtooth are the same and only one 
cycle of the sine wave appears, I! the frequency 

of the sine wave 1s twice that of the sawtooth, 
two cycles of the sine wave will be traced out. 
I! 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 
deflilction 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 
08cUloscopes. 
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The Fluorescellt Saeen 

The change of electrical energy into light is 
accomplished by the collision of electrons 
with certain materials in the 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 PI 
identifies that a medium short pe rsistence 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 5UP! 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, Thjs tube wiU serve as an example of 
other tubes. 

Figure 4-18 showa the location of the pins as 
shown on the base of the tube. This method of 
numbering pins 1s 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 9 and 10 
are connected to the vertkalplates. Pins 6 and 7 
are connected to the horizontal plates. Pin 8 
is connected to the accelerating anodes. 

"'2~O V 

\C2:2~ 
z~x IS \ 1--_----61-_ ~ -IZ,sOV 

TO fiV 
SOURCE 
-12~OV 

INTENSITY FOCIJS 

Figure 4-17 
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SPOT 
SHAPE 

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 a voltage 
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 a dim 
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 varied in time 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, 

.----:;;:-"--_~ fl£MOVE 
'y------i COVER 

Z-AlOS 

\Nill\QII\..lol~r-~'-- BINDING 
POST 

Figure 4-19 
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A signal could be fed directly to the def1ection 
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 in the oscilloscope, 
These amplifiers are discussed in Chapter 4. 

Although the type 5UPI CRT was discussed 
mainly in this chapter I it is typical of the CR 
tubes used in most general purpose oscillo
scopes, An understanding of the 5UPl, 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 the test leads 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 supplled with your kit. 
Place it against the screen and in front of 
the line as shown in F1gure 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-
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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 5UPl 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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CHAPTER 2 

p()Wet' Supply 

The lu."\ction is to 
CRT and for 

OSI~llJl08COj)e It must 
u.~~~~,~ andat~es~e 

voltage variations 
may also furnish 

retrace u .. ,.u·" .... lb. 

An generally has two 
sections; a low section and a high 

section. Each section has four 
rectifier, and a 

"nnnH' network. Very often one trans
sections, 

Each part of the power 
separately. At the end of ~e 
supply used in actual 
scopes will be 

Th~ Power 

is discussed 
the power 

purpose oeei11a· 

transformer has special features not 
found in the transformers used for 

Better insulation and more 
are for the high 

section. Tlu'ee or more 
are needed, 

filament 

The separate filament for the CRT is 
connected on one side to voltage. This re-

extra insulation on these transformer 
leads. The filament winding for the voltage 
rectifier is part of the high winding and 
also needs heavier insulation, 

the 
U1.l;i;l.LI!::U. The high 

are 011 the same 
is center tapped; the 

is not center tapped. Center 

wave rectifier. 
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FUSE: 
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The primary circuit includes the protective 
fuse and the instrument on-off switch. The 
switch is usually ganged Wit11 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 amoW1t of heat to keep 
the short surge from melting the protective 
filament, 

FINE FILAMENT 

~ 
SPRING TO ABSORB HEAT 

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 
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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 Supp!)' 

High voltage power supplies generally use half
wave rectifiers. Most rect!1iers 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 toward the plate, The electron cur
rent passes through the filter network, through 
the voltage dividing network, through the second
ary windings of the power transformer I 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 currant flowing in this section of the power 
supply is low. The diode does not have to 
conduct a large current. 

B + 

VOLTAGE 
DtVIDIN4 
NETWORK 

V2 WAVE HV RECTIFIER 

Figure 4-24 
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B _ 

vOLTAGE 
DIVIDING 
NETWORK 

L-____________________ -. ________________ ~ 

FULL WAvE LV RECTIFIER 

Lou' Vol/age 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 cw-rent 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 hali 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, 

Fil/er 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. 

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

The action of such a RC circuit was discussed 
in Chapter 4 of Part ill, The values of Cl, C2, 
and Rl vary from power supply to power supply, 
governed by the voltages used and the current 
requirements. 

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 cornman 
power supply connections, 

The Vollag!: 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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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. When the circuit 
is shut off the tubes are stlll 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, Rl and R2 
act aB bleede rs 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 Rl or R2 to ground. 

Vollage ReglJlaiOn 

Filtering networks will even out the pulses caused 
by rectification, but cannot stabilize the voltage 
tDlder 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 a variable 
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 

TO R[CTlfiER LOAD 

.... 
Figure 4-28 

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 POIIJer SlIpply 

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 1s 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, 
RBO, RlB1, and R182) was discussed in Chapter 
1, 

The low voltage power supply has a. full-wave 
rectifier, VB. 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 
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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 CITcuit 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 Kn (brown-black-yellow) 
resistor from lug 1 of terminal strip F 
to lug 2 of terminal strip D. Connect a 
second 100 Kn resistor from lug 1 of 
terminal strip F to lug 4 of terminal 
strip D. 

( ) Connect a 150 n (brown-green-brown) re
sistor from lug 1 of terminal strip D to 
lug 4 of terminal strip A. Connect a second 
150 51 resistor from lug 1 to lug 4 of termi
nal strip F. 

( ) Connect a 4700 n (yellow-vlolet-red) re
sistor from lug 2 of terminal strip F to lug 4 
of terminal strip E. Connect a second 
4700 51 reststor from lug 2 of terminal 
strip B to lug 4 of terminal strip C. 

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

Connect a .05 /lfd capacitor from lug 3 of 
terminal strip E to lug 1 of terminal strip F. 

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

( ) Install transistor Ql. 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 Jlfd capacitor from lug 3 of 
terminal strip C to lug 2. of terminal strip 
D. 

( ) Connect a ,01 !-lfd 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. 
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This completes the basic connections of this 
circuit. Connect the oscilloscope leads to the 
output terminals of the test chassis _ Turn on the 
oscilloscope and testchassis. 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. 

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. 
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Figure 4-30 
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CHAPTER 3 

5 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 a two-dimensional figure 
on the CRT screen. Only one waveform applied 
to one set of deflection plates results in a 
straight Ime. 

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 multivihrator 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. 

M IIllivib)'alol' 

The free-running multiv1brator. which is an 
essential part of the sweep circuitry, 1s a widely 
used method of producing sweep frequencies. It 

Figure 4-32 

is essentially a two- stage osc illator , 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 multiv1brator circuit is usually the 
cOW1terpart of a similar circuit that uses vacuum 
tubes, Since most multivibrator circuits operate 
the same way, the transistor multivihrator bullt 
in Chapter 2 will be used to explain mulhvi
brators. 

Since most mulUvihrator circuits operate the 
same way, the transistor multiv1brator built in 
Chapter 2 will be used to explam multlvibrators. 
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Figure 4-33 

It may be helpful to review the chapter on tran
sistors before you begin studying this circult 
descrlption. Remember that the negative voltage 
is connected to the collector circuit and the posi
tive voltage 1s connected to the emitter circuit 
for PNP transistor s. 

A collector- coupled transistor 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 
Rl 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 Ql is de
veloped by a voltage divider conSisting of R4 
and R7, 

Transistors Ql and Q2 alternately turn "on" 
and "off." If Ql is conducting, Q2 Is turned "off ," 
If Q2 is conducting, Ql 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 Ql 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 Cl 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 I is very low, ,5 volt 1 and voltage V 2 

is almost 3 volts (Since Q2 is turned "off"). 

2, Capacitor C2 charges up to the voltage of 
V 21 3 volts. Capacitors Cl gradually discharges 
through resistor RB and Q1. 

3. As Cl 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 Cl) illltil 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 2 becomes smaller, 
Voltage V 2 is also divided by voltage divider 
resistors R4 and R7; thus the voltage at the 
base of Ql also becomes smaller and the cur
rent in Ql begins to decrease. 

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

B. Increasing current in Q2 causes V 2 to be
come still smaller and this voltage decrease is 
again coupled to the baBe of Ql. This whole 
series of voltage changes quickly until Q2 is 
conducting all the current it can, and Ql is turned 
"off ," 

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

1. When Ql is turned "off" voltage V I becomes 
almost a full 3 volts, and capacitor Cl begms to 
charge up to this 3 volt level. Voltage V 2 is 
now ,5 volt, 
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2, This condition (Ql turned "off" and Q2 
conducting) remains until C2 discharges enough 
across R7 to cause Ql to begin to conduct agam. 
Then the whole process begins all over again. 

The multivibrator continues to oscillate back and 
forth in this manner, alternately turning the tran
Sistors "on" and "off." The frequency at whlch 
it will operate is determined by how quickly ca
pacitor Cl and C2 are allowed to discharge. 
The voltage waveform that appears at both V, 
and V"2 is a square wave, as shown by Figure 
4-34. 

VOLTAGE VI 
o ...... -- .. -- - -- .. -- _. --

[ -'~m(.' <O~UWNG ,u'''l 

Jul··~ .--. -. ~-"OCT,,"' '"' ",,) 

Figure 4-34 
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Figure 4-35 

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. 

Blanking CirCllilS 

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 to left, 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, 
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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 1s needed to return the 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 invlsible 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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pulse is derived from the multi-
transistor that conducts the short 

retrace period. If the magnitude of the pulse 
is not large to cause cutoff of the 
electron beam in the CRT, an amplifier is in-
serted between the s we ep and the CRT. 
This is called blanking amplifier. 

lW)S{:op,es have a 
from 

the retrace to be seen. In 
eration, the retrace time can much 
than one of waveform. In such cases 
retrace may contain needed information and 
thus is not desirable. 

Special Type of Sweeps 

A sawtooth sweep produced a ml.lltivibrator 
is used most commonly. other forms 
of sweeps are useful. These are of the 
nonlinear type. This means the sweep not 
travel at a constant rate in the horizontal di
rection. 

The more common types of nonlinear sweeps are 
sine wave, circular and 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 sine wave 
sweep can be taken from a. winding on the 
power transformer. Provisions are found on 
many newer for :a. sine sweep; 
USUally there is a line sweep (60 cpa) position 
on the horizontal selector switCh. 

the 
sweep has been 

so far. Another special type of sweep is the 
When a test pattern ..... ,,.. .. ,,'" 

the free-running sweep, 
either or will show the de
sired information. If the waveform occurs only 
once, or in a random manner J a free-running 
sweep may be on retrace when the waveform 
occurs. To assure that the waveform is seen, 
the sweep is the signal 
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This means that the sweep occurs when the 
Signal comes 
work is used to 
betore the 

a net-
the sweep to get started 

applied to the deflection 

Phase 

A control that is often added to purpose 
is the This control 

is used with line sweep, Use is also found for 
this control ii' ,mnectton with sweep generators) 
and some work with figures, A few 
such applications will be discussed in a later 
section. 

The sine wave 
taken from some in the cir-

a winding on the power trans
former. When the sine wave signal 1s used to 
drive the horizontal plates, the phasing control 
is used to vary the on the sine wave at 
which the sweep begins. 

4-37 shows an of a general 
purpose oscilloscope sweep and blanking cir
cuit. In this chapter, a tranSistor 
was used to explain mulUvibrator operation. 
The e:lqJeriment for this chapter uses that cir
cuit, 4-37 shows a vacuum tube multi-

Tube V4B and tube V5A constitute the multi
vibrator. The plates of the tubes are I.:U;lHP'CU"i:l.UJlt:: 

to the collectors of the transistors. grlds 
act like the bases of the transistors, The 
cathodes are similar to the emitters of the 
transistor 8. 

The mulUvibrator is asymmetrical, The pla.te
between tubes is not the same. 

The experiment of this chapter will show bow 
Uli:l..K.lrJ:g this coupling different makes the mult1-

asymmetrical. In this V5A is 
made the tube that conducts for short 

of V4B conducts for the 
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Figure 4-38 shows a small section of the total 
circuit. This is the situation when capacitor C21 
and reststor R48 are inserted in the cathode 
circuit of V5A by the horizontal frequency 
selection switch. 

TO 
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FIgure 4-39 

When V5A conducts, capacitor C21 charges. 
When V5A cuts off, C21 discharges through 
R47-R4B. 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 1s fed to V5B through capacitor C1l6. 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 multiv1brator. 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 termlnal 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 po1nt 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 i9 the waveform of the 
conduction of Q1. For a symmetrical mulh
vibrator, it should look like 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. 

4700 

B 

Figure 4-41 



Chapter 3 

Figure 4- 42 

Connect the 6" wire probe to point G, lug 3 of 
terminal strip E. This 1s the waveform that 
results when a square wave is applied to capac
ltor 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 Ql. An actual photograph of this wave
form is shown In Figure 4-43. 

The first part of this experiment showed the 
chaxacteristic waveforms of a symmetrical 
multi vibrator. 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, Ql will be made to fire for a shorter 
period of time by decreasing the value of C2 
from .01 /lfd to .001 Ilfd. 

Connect the 6" wire probe to lug 3 of 
terminal strip C. 

Remove the .01 /lfd capacitor from lug 4 
of terminal strip D to lug 2 ofterminal strip 
B, and replace it with a ,DOl /lid capacitor. 
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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. 

Figure 4-44 
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Figure 4-45 

Figure 4- 46A 

Part IV 

Now Ql will be made to fire for a longer time 
by increasing the capacitance of C2. 

( ) Replace the .001 I-Lfd capacitor from lug 4 
of terminal strip D to lug 2 of terminal 
strip B with a .1 J..lfd capacitor. 

( ) Adjust the oscilloscope forthe 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 H, the collector of Q2, 

The next step is to look at the change in the 
sawtooth for each of the conditions of conduction 
of Ql, This is done by changing the B" 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 c) 

shown in Figure 4-46. ~ ,I 
-"? 

~ --"""""' - 'S" / . i I • 

(A) For .001 j.1fd :~"'" ~ -- . 

(B) For .01 "Id, 'W ~MI .. . , 
(C) For .1 /-Lid: "---~~t-,.} .- ( 

0 ·' . •. 
,~~) <;. ... ~. ' /. ' J:'\), Now turn the equipment oil. 
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Figure 4-46B 

Figure 4-46C 
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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 there
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 to the 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. Ii the pulses are equal, the multlvi
hrator is symmetrical. If the pulses are not 
equal the multivtbrator 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 tile 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 

Amplifiers 

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. 

B+ 

Figure 4·47 
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Fl'equeucy Respol1se 

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 mc. 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. 

AB the frequency decreases, the capacitive re
actance of Cl increases. For very low fre
quencies this reactance may be much greater 
than the resistance of RI. In this event, the 

s+ 

EJ 
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circuit of Cl and Rl act like a voltage divider, 
where the voltage aCrOSS Rl is only a small 
part of the total voltage output of tube VI, For 
good response at low frequencies, Cl is 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 shWlting effect, To 
maintain high frequency response, the amplifi
cation is boosted to offset the decrea..ge 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 m series with the plate load, This in 
effect shunts Ule 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 bigh 
frequency response. As the frequency 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, 

Figure 4-48 
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NEXT STAGE 

Figure 4-50 

Tbe AmplIfier lnplll 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 fiat frequency response can be 
achieved by using a frequency compensation net
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 ~alled the input attenuatOT (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 coupled to 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 Vl - see next paragraph) 
and divides it further. Here at R5, a smooth 
continuous variation of the signal can be made, 
before the si.gnal is coupled from the arm of the 
control to the vertical amplifier. 

Stage Vl, 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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Even many economical oscilloscopes use push
pull (balanced deflection) amplifiers in the final 
outJ)ut stage before the CRT deflection plates. 
High precislOn osc11loscopes 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 at the other. 
Vl 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-eoded (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 
amOWlt. In a single-ended amplifier, only one 
ptate varies in voltage from its original value. 
Push-pull output provides twice the signal voHage 
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 1s 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. 

TlIo4E IN MICROSECONDS 

Figure 4-52 

Rise Tillll: 

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 (J.l 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 [or a distortion to appear 
in the waveform. In Figure 4-51 an example 
of this effect is illustra.ted. 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. 

100/0 90°/. 

~ ~RISE TIME 

g 1 !A 

u"h~ TI Me: IN MI CROS ECON OS 

Figure 4-53 
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Figure 4-54 

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 denecti~n plates at th~ 
right. This circuit has three levels of atten
uation at the input stage. Notice the shW1.t ca
pacitors, CI, C2, C3, and C4, that are used 
as frequency compensators, VI 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 
im~rove high frequency response. For example, 
notice the 61 (J.h peaking coils in the plate 
circuits of V2A and V2B. RIB serves as the 
vertical pOSition potentiometer. Vertical posi
tioning is accomplished by adjusting the DC 
voltage on the grid of V3B. 

The Horizoll/al 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 arnpliiier it has a much 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 

6) ~ 

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 multivihrator square wave
form are rOW1ded 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 r R £SPONS E EXCESSIVE H F R .SPONS E 

C5j 6) 
Figure 4-56 
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Figure 4-57 

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 l1jJ.f capacitor acts 
like the stray capacitance discussed earlier. 

( ) Connect a ,01 jJ.fd capacitor from lug 4 of 
terminal strip 0 to lug 2 of terminal strip 
B, 

( ) Connect a 470 JJ./.lf capacitor from lug 3 of 
termlnal strip A to lug 1 ofterminal strip D, 

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

( ) Connect one end of the 6" wire from lug 1 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. 

Figure 4-58 

( ) 

Part rv 

Remove the 6" wire from lug 3 of terminal 
strip A. 

Remove the 470 jJ.}lf capacitor from lug 30f 
terminal strip A to lug 1 of terminal strip 
D, and replace it with a 330 Kf! (orange
orange-yellow) resistor. 

Remove one end of the 3" wire from lug 3 
of terminal strip C. 

Connect a .001 /.lfd capacitor from lug 3 of 
terminal strip C to lug 3 ofterminal strip A. 

______ ~)~,O-O_I--~------__ 

® Figure 4-59 

( ) Connect the 6" wire from lug 1 of terminal 
strip E to lug 3 of terminal strip A, 

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 KS1 (orange-or
ange-yellow) resistor from lug 1 of termi
nal strip D to lug 3 of terminal strip C. 

( ) Connect a 33 Kn (orange-orange-orange) 
resistor from lug 3 of terminal strip A to 
lug 1 of terminal strip D. 

( ) COlUlect the 6" wire from lug 1 of terminal 
strip E to lug 3 ofterminal 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, 

.001 

330 K 

33)\ 

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 
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Figure 4-62 

aided by large coupling capacitors, peaking 
coils, and shunting capacitors tn attenuation 
networks and the cathode CirCuits. 

Attenuation usually is accomplished in two stages. 
The first, step attenuation, is separated from 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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CHAPTER 5 

Synchro "izat io 11 

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. 

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 QPeration of a typical circuit of this type. 

Tllbe MlIlt;t·ib,-nlor Opera/ioll 

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 multivtbrator 
operates. 

VERTIC~L 
INPUT 

Figure 4-64 shows a simplified drawing of a 
typical oscUloscope mulhvibrator circuit. Al
though this 'is a differenttype 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 alongerperiodof time. 

1. When V5 conducts l it charges sawtooth
forming capaCitor cn. 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 to con
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 C1l5 to 
begin to charge through R140. The current 
flow through R140 then causes a posttive 
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 negaUve- going voltage at its 
grid, as described in the next step. 

HORIZONTAL 
SWEEP WAVEJ<ORt.t 

SYNCRONIZATIOW LOCKS THE FREQUENCY 
OF THE HORI20llTAL SWHP WAVEFORM AND 
THE 5IGi'lAl WAVEFQRM5 TOOETHER . 

Figure 4-63 
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4 _ When sawtooth-forming capacitor C17 is 
discharged sufiic iently through R47 and R48, 
the voltage at the cathode ofVS becomes less 
positive than the grid, and V5 begins to con
duct again. The plate voltage of V5 then be
comes less positive, causing CllS to begin 
to discharge through Rl40. 

5. The discharge of C 115 through R 140 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 frequency to be lowered. When 

PART Of HORIZONTAL 
rREc,UEN/ SWITCH 
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Figure 4-64 

SAWlOOTH SWEEP TO 
HO~llONTAL Al,IPLIF IER 

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 much larger charge ; takes longer 
to discharge. 

SYJlchroJliziJlg the HorizOllfa/ M III,i"jbJ'fllor 

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 1s tied directly to the plate of 
V4. 
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Figure 4-65 
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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 clrcuit 
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 CD with respect to 
its cathode, and V5 is cut off. This ne~tive 
voltage gradually becomes less negative 8 as 
C17 discharges, until the cutoff voltage is 
reached. When the cutoff voltage is reached(3) 
V5 begins to conduct again and recharge err, 
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 illtroduced 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 sm all 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-

Part IV 

D 

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 subtrac.ts from the voltage at 
(])) as that voltage gradually becomes less 
negative. Finally, at ®, the sync signal reaches 
the cutoff voltage and causes v5 to begin to 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 I1Oe_ 

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 1n 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 exact fraction 
of the frequency of the input signal. 
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4-66 shows a block of a com-
plete sync system. There are three sources from 
which sync signals are obtained: from 
the vertical ampliiier; from a 60 cycle AC 
(line) voltage of the power ' or 
from the external sync post on the front 
panel of the oscilloscope. 

EXT SYNC-=--_ .... O 
INPUT 

LINE SYNC __ --'? 
INTERNAL 

4-66 

Some oscilloscopes both positive and 
negative sync from the vertical . This 
allows you to synchronize the waveform 80 that 
either the positive Or half of the input 
signal is seen first on CRT. This is often 
useful when a close examination of one-half of 
the waveform is It is also used in those 
cases where a in the 

or 

connecting a 
tested to the 

external sync of syn
chronization could be used in servicing a radio 
or amplifier with a connecting the 
generator to the and also to the external 
sync of the the operator could 
check the waveform in many parts of the set, at 
varying amplitudes, without having to readjust 
the sync. 

Line sync is often used to check waveforms 
that are multiples in of the 50 cycle 
line frequency. 

Many also have a sync ampUtude 
control that adjusts the amplitude of the sync 
that is coupled to the horizontal multivibrator. 
Before this control the horizontal 
frequency control should be 
adjusted fOr synchronization. Then, 
set the sync control so that only enough 

Page 125 

sync is used to hold the test pattern 
stationary on the CRT. If too much sync is 

it will cause the sweep voltage to be 
distorted. 

A Complete SyJlC Sp,em 

4-67 shows the complete sync system of 
a typical connected to the horizontal 
multivibrator The type of sync is se-
lected a sync selector switch. at 
the main Figure 4-67, will Show 
that the +lNT and .lNT sync signals are 
tained from the circuits of the 
vertical The line sync is obtained 
from the winding of the power trans-
former. 

is coupled from the selector 
limiter stage circuit of V4A, A 

limiter is needed to hold the sync 
to a constant level with Wide variations in 

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 and the horizontal multi vibrator 

are combined. 

V4A is a ca.thMa follower circuit which has its 
limited to a vary small 

very low voltage to voltage divider 
and resistor R34 in series with Its 

The low voltage causes 
cut off the tube while the amplitude of the 
are small. This causes only a 
tive to appear at the output. ReSistor 
limits pulses by causing the to be-
come blocked, thus these pulses too are limited 
to a small amplitude at the output. . 

in this circuit is 
the sync signal to the 

mulUvibrator instead of to' its 
.... ", ... 1-' .... "'''' of synchronization are 

previously, The plate 
turns V5 on and off. The 

as at the grid, is combined with the 
at the cathode of V4A, in 
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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 identLfying 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 htF'h 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, 
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WORK 
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Figure 4-71 

Part IV 

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 4-72 

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 ltstofparts 
and circuits to be used as a guide, 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 transrormer 
( ) Fuse 
( ) Primar y tunS(ormE'l" leads 
( ) Lloe switch 
( ) HV ruameRt leads 
( ) LV CUament leads 
( ) CRT ma rnei'll leads 
( ) B+ power leads 
( ) HV rectlOer tube 
( ) LV rectifIer tube 
( ) HV filter section 
( ) LV rHter section 
( ) Voltage regulator tube 
( ) BV voltage dividing network 

SlIItf!P Cirw i/ 

5 

) Multlvibralor tubes (may be In one enve
lope) 

) RC time base circuits 
) Blanking ampl1I!el' lube 

A mphfius 

( ) Vertical input attenuation c (rC\lils 
( ) Horizontal lnput attenuation cLTcui! 
( ) Vertical amplifier tubes 
( ) Hori.zontal amplifier tube! 
( ) Peaking ca lls 
( ) Centering controls 

S puhr-oni lizl iON 

( ) Sync l1mtter cLrcuit 
( ) Internal lI ynC cil-cuit 
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SUMMARY 

Synchronll.a tion ·'locks· in - step" the IJ'lput s ;gnal 
and the sweep signal. Tbe stimulus lor syn
chronuatlon comes h'om outside the sweepcir
cuit. It usually comes from lM ampHlled input 
signal In the ver llcal ampHIler . 

A sync voltage causes OM lube of the multl
vibrator to change the time ot conduction. In
creasing the length of time of conduction de
creases the sweep frequency. DecreaSing the 
the length o! conduction increases the sweep fre_ 
quency. 

An insufficient sync voltage p revents synChronI 
zation, too large a voltage distorts the Input 
signal pattern . Many scopes have a sync li mite r 
circuit to avoid pattern distort ion. 

Several types of synchrO:':' !2.1ng Sirnals are-llSUally 
available in a scope : Internal Sync ; 60 cps Line 
Sync; External Sync. luternal 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 synchl'onl2lng 
sigTUJs d lrecUy (rom c.ircuits oUl$lcle Ihe oscil
loscope. 

An external sync amplltude Control is provlded 
to attenuate an exterDal sync voltage . U the ex
ternal sync vo lta~e is insuffiCient {or synChronl
:taUon , an external amplifier would have to be 
used to IIlcrease the sync vo~~age. 
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PART V 
Oscilloscope Maintenance 

Figure 5-1 

Ma.intenance 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 

Generally. routine maintenance means that you 
should periodically adjust the internal controls 
of your . Refer to the instruction 
manual. furnished with your oscilloscope. Steady. 

will be obtained if these 
instructions are followed faithfully. 

H your oscilloaeope has a blower lor cooling 
purposes, the fUter for tbe blower should be 
cleaned at regular intervals. otherwise, the 
oscilloscope is likely to overheat, ca.using pre
mature parts failure. 

Part V will describe how you should go about 
troubleshooting and repa.tring a faulty oscillo
scope. A nwnber of sample d1fi1culties that might 
occur will be given, along with some specitic 
examples of possible troubles that might occur. 
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CHAPTER 1 

Troubleshooting - Cenered 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 trying to 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 eXle!1sive, time- consuming circuit 
checks, 

Finding your difficulty can be divided into two 
general parts. The first pa.rt includes the visual 
checks, where you try to find the trouble by 
looking for visible diificulUes; 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 lmow
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. 

Vi5lla/ 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 burned'parts, 
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 
m::mual. 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 oscllloscope andturniton. Ob
serve the resistors and capacitors carefully 
for any signs of overheating. li a part appears 
to be overheating, turn the unit off immediately, 
The next step is not only to replaccc 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 makinp: 
reSistance checks with an ohmmeter to elimina.te 
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 can be 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 highlyevac
uated; if the envelope should be broken, the 
resulting implosion could spray the area with 
shattered glass and possibly cause serious conse
C{uences, 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 Jot' 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 norma.ily, 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 
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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 proper Ly, 

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 CirCUlts. 

The next step after the difficulty has been local
ized to some particular area, is to check the 
voltages in the questionable area against the 
voltages listed 1n 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 waveforms are found, 
check the values of the parts in that area, 
either by substituting new parts, or with an ohm
meter or capacitor tester. This should lead you 
to the faulty part or parts. 

Figure 5-4 

Figure 5-5 
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CIRCUIT BOARD TECHNIQUES 

Troubleshooting circuit boards requires some 
techniques different from those used to trouble
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 trace the 
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 thcy 
look like the proper solder connections shown 
in Figure 5- 6. Make sure that large globs 
of solder do not bridge between two adjacent 
falls, shorting them out. 

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, 
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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 dam aged, 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. 

TROUBLESHOOTINC 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 on the 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 the low rectifier and remov
ing the horizontal output tubes does not cause a 
spot to appear on the cathode ray the hori-
zontal are not pulling the affthe 

the fault is most likely in the vertical 

EXAMPLE 2 NO HORIZONTAL SWEEP 

The search for difficulty in this case also 

Part V 

starts with visual checks. If nothing abnormal is 
seen during the visual the next step is 
to check the horizontal . Place the 
horizontal selector in the horizontal 
input pOSition and connect a sine-wave 
to the horizontal posts. If a horizontal 
sweep appears, the horizontal amplifier is op
erating properly and the difficulty is in the 
horizontal oscillator sweep generator 

CHAPTER 2 

Itltenud Adjustments 

Ve,'tiettl AUl/lluaJor Adjustmellts 

INPUT 

GNO 

the vertical can-
to the vertical attenuator circuit. 

divided into 
circuit is used for a 

of the vertical of 
. From tbe 

.. 1<="VCo;;' .... through the switch to 

10M 
PRECISION 

Figure 5-7 

5-7 is a shnpUfied of a vertical 
attenuator Circuit. The reSistors di-
vide the Signal 80 that either the full signal 
or a of the Signal can be selected by the 
switch. These reSistors divide the satis-

factorily at lower frequencies, but at 
Circuit capacities, shown by 

in Figure 5-'7, to 
some of the input signal, the 

inaccurate. To overcome this 
the fixed capaCitor and trimmer 

capaCitor are added to the circuit. These 
pacitors are so much larger than the 

that the stray capacities no 
circuit, The trimmer 

has been added must then be 
pensate for the individual stray 

Figure 5-6 shows what happens when the vertical 
atienuator trimmer capacitor is At the 
center of the figure is a response curve that 
shows the desired response in the circuit, and al
so shows what happens when too much or too little 

is present. 
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Figure 5-9 

UNCO'\/F'I:~~Tro 
.;/ RE'PONS[ 

UNDER COMPENSATED 

An ideal waveform for adjusting tbis 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 ,'I 

OVER SHOOT ON 
~t"'DING LDC;~ 
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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- B, except that only the diagonal part 
of the line would be seen on the oscilloscope. 

Other A djuslments 

8mce there are so many different types of oscillo
scopes, it would be impossible to describe aU 
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, 



An to the above rule would be those 
cases where a control that is generally a front 

control baa been made an internal ad-
justment. An of a control of this nature 
would be the control found in soroe 

control, also called an 
is often located on the 

~rli'l1J:1'tl>rI to make the spot in the 
screen as round as possible. In 

Do's and 001l't5 

to make the front panel as 
the focus control is also 

instead of on the front 

DON'T leave a spot on the 
screen; in time this would burn away some of 
the on the screen, 

~-.. _",.,_ to the oBcillo
voltage probe, 

any DC voltage present 
rating of the AC 

is 

DON'T overload the vertical 
OSCilloscope with too a 
nal display on the CRT will Re
duce the amplitude, using the vertical attenuator 
switch and the vertical control. 

00 use the proper 
the lnput impedance is 
pacitance is low in modern 
circuits can be loaded down 
oscilloscope when it 18 connected into the cir
cuit, When necessary I use the correct with 
your OSCilloscope to adver se effects in 
the circuit being 

DO 
the 
the 
chassis of the unit 
Keep the other 
response changes, shift the 
or add more connections until the response 
does not change when the chassis is toucbed, 
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PART VI 

Oscilloscope Applications 

You have spent many hours examining the in
terior and exterior of your oscilloscope; you have 
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 oscilloscolJe; 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 lmowledge 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 ch;,cwts function. You will be 
able to troubleshoot tl1is 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 IT and Part IV where 
it applies to the procedures in this chapter. 
For example; Experiment 3-3, Chapter 3 of Part 
ill, and the Introduction To Part IV will be 
helpful for "Calibrating the OSCilloscope as a 
Voltmeter ." 
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CHAPTER 1 
IVaveform M eas1IremenlJ 

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. 

Calibrlltillg Ibe Oscilloscope U'ilh [/ Vul/meter 

AC voltage scales on most voltmet~r's 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
n~ct 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 ofthis 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 nm horizontally on the screen. See Figure 
6- 3. These 1 mes can then be used to indicate 
the amount of voltage in the test waveforms 
you conne ct to the oscilloscope, This completes 
the calibrating procedure of the oscilloscope. 

AC 
SO\..IRa AC 

A LIBRA TING '---r----' 
VOLTAGE 

Figure 6-2 
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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, Fi.rst 
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 ofthe meter, 
you' will have to adjust the AC sourc e 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.) 

S.IN~ wl\v~ OF' 
C. ... LI9F1 ... TINC. 
VO,-YA'::'£ 

Figure 6-3 

Next adjust the vertical controls of the oscil
loscope 80 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, 

,\I cnSllreJlJellf "/ [reqllel/c)' 

A very crude measurement of frequency can be 
made by setting the sweep frequency controls 
for a one-cycle waveform. Then read the 
approxirnah·. fr"lCjuency 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 horiz.ontal 
input of the OSCilloscope, The horizontal fre
quency selector of the OSCilloscope is set to the 
external input pOSition, thus the sine wave from 

A 

"F GENERATOR 

A F 
OUTPUT 
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Figure 6 - 4 

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 frequenc Y, 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 Lissaj ous 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: i x " ~i 

Tv 
where fx is the unknown frequency; f is the 
known frequency; th is the number of loops 
which touc.h the horizontal tangent line; Tv is 
the number of loops which touch the vertical 
tangent line. 

HORIZONTAL TANGENT LINE (T01) 

ill 1J VERTICAL Figure 6-5 
TANGENT 
LINE (Tv) .... 

B C 0 E 

t;;=F/2 ~= 2F ~=3 F ~=2/3F 

Fw"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 1n 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. Ii 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 connected to the input 

of the Amplifier and to the horizontal input of 
the oscilloscope. The output of the amplifier is 
connected to the verhcal input of the oscillo
scope. 

The frequency of the sine wave generatol' 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 in phase 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 diagonal lines, are easUy 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 andhorizon,tal 
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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Figure 6~7 
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 8. where 8 i 5 'he phose angle 
A 

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. 

Po In,.;1 y 

It is important to know whether a positive 
vertical input Signal deflects the spot trpward 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 ampliiier, 

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 trpper 
part of the oscilloscope screen, and vice versa. 
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On some oscilloscopes the symbol f is used 
to denote the direction of deflection by a positive 
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. Ageneralpurpose 
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 oscUloscope. 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 tultll 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 illsures 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 on the scale 
of the screen, then each space represents 2 
microseconds. Then, after the signal generator 
is disconnected, if a test pulse ts 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, 
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CHAPTER 2 
Accessf)'ries and Special 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 amplii'iers, 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. 

Probe5 

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 )J.{J.f. 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 osc1ll0Bcope'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 a detector or demodulator 
tor 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 8-8 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 dlode. When a RF probe is being used, 
the wave shape of the modulation can be seen, 
but the wave shape of the RF signal can not be 
seen. 
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Voll (/gt CN lih/-fll ors 

Separate voltage calibrators are available for 
general pUTpose 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. 

Elee/fOIlIC Su·i/che.1 

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 mulUvibrator, The symmetrical 
multivibrator is used to drive first one then 
the other ampliiier to cutof£. The ampliiiers 
generally have a common plate load so that first 
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 moat 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 
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integral part of the oscilloscope is "alternate 
sweep" where the switching rate is half the 
sweep rate , This is particularly valuable in 
oscilloscopes Witll driven sweeps for observa.
tion of two signals not synchronized and har
monically related. 

Sigllnl Cwern,ul'S 

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 w:,!-ve, 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 into two areas, 
audio and radio frequenCies. The audio generator 
frequency range is apprOximately 20 to 100,000 
cps. The audio generator is used mainly for 
checking amplifier characteristics such as phase 
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 of 
an oScilloscope, a and convenient means 
of displaying the frequency response curve of a 
tuned circuit, or 
circuit. This 
and TV servicing and 

Trpusdllcen 

Transducers are instruments which convert 
other forms of energy such as and sound 
into electrical energy. The in the 
tone arm of a phonograph is a that 
converts mechanical energy into electrical en
ergy. Microphones convert sound energy into 
electrical energy. 

allows you to examine many variations 
of energy by converting them into electrical 
signals. Some common of transducers are: 
photo- cells, which measure disploacement 
transducers to measure very movements; 
pressure transmitters to measure pressure; 
thermocouples to measure straln gauges 
(with to measure strains in 
and many others. For an the Vibra-
tions of a machine can seen 
attaching a transducer to it 

the circuit of the transducer to the 
oscIlloscope. From such a visual an 

can often the source the 
vibrations and thus reduce them to a minimum. 

Special 

The main purpose of this manual is to describe 
the purpose but the user 
of such an instrument should also be aware of 
special purpose available. 

Such OSCilloscopes are the same in prinCiple 
as the purpose OSCilloscope, but include 
added features that increase the quality and the 
range of some functions. 

DC Ouillos(opes 

DC oBcilloscopes are oscilloscopes that use 
instead of AC coupled 

like those in Chapter 4 of Part IV. 
capacitors are eliminated in DC 

DC 

this allows the amplifier to faUh
fully reproduce very low frequency waveforms 
and DC level changes. 

There are many places where very low fre
make DC OSCilloscopes necessary in 

many transducer applications, such as in test-
for mechanical vibration, 60 cps would be a 

relatively high frequency. Low frequency 
waves, anc! many low frequency pulse 
tions also require the use of a DC 
to eliminate low frequency distortion. 

Sweep Oscilloscopes 

A feature that is <:Iv.".,,,,, .. 1 useful in certain 
modes of operation, such as 
the sweep 
the mulUvibrator is not free 

purpose oscilloscope. The 
multi vibrator is designed to fire 
outside pulse is applied to the mul
tivibrator functions for one cycle and then waits 
for the next pulse to trigger it for the next 
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8 
B 

WITHOUT nW;GERED SWEEP WI1"H TRIGGERED SWEEP 

Figure 6-9 

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 

INPUT 

OELAV 
CI~CUIT 

VERTICAL 

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. 

Ot he)' 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. 

Figure 6-10 
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CHAPTER 3 

ditions. 

Use Df the Oscilloscope i,l RCi 

is a tim!)-savmg instrument 
slich as set alignment, check

tracing, locating 
sources of hum 

This chapter will you of how the 
oscilloscope CJU'l used as a service instru-
ment. details about the 
serviced are not as these are obtainable 
from the circuit For to 
service your TV receiver need the circuit 
schenlatic for that make and model. 
You will also need the manufacturer's manual 
for the sweep you use if you 
the TV 

It is strongly recommended that servicing with 
Finding ReCl'il'er Faults Dscil/us Palf!>rJlS 

an oscilloscope be examination 
of equipment in good order. this 
will yOl.l valuable with correct 

patterns. if you know correct 
can you patterns. 

this will you a better knowledge of 
additional circuits, It is easier to service acir-
cuit that is familiar. Your personal 
AM and FM test eqUipment, and TV 
could the necessary experience, You 
must remember that high voltage danger exists 
in TV as in oscilloscopes, and one 

is a good saIety measure. 

Circuit and schematics with wave-
form at test are available. Such 
information for most receivers is available 
from such service organizations as Rider and 

OSCilloscope often indicate the sourc:(~ 
of trouble :In a CIrcuit by the a test sig;nal 
is altered. A properly AF R:F' sine 
wave reveals the source of trouble a recog-
nizable pattern 

Figure 8-11 shows an 
waveform may appear in a 
ceiver. In Figure 6-
obtained on the screen of the 
the oscilloscope vertical 
across the 
modulated is 

of the or a sine ground 
wave is to the input circuit of the audio 

circuit of the receiver. The oscillo-
scope would a normal sine wave if the 
receiver is working nroo,ed 

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 
defectivo tube cathodes, heater-cathode short 
circuits, open grid circuits, misplacement of 
heater wiring or ungrotmded 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
function ing, 

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 COinci
dent. Part 5 1s 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 po.int 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 in the oscil
loscope pattern, 
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Tt!;! IIIJd Pr)II'a 5l1fP/itS 

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 rectUier and before and after 
each capacitor in the filter network, Failure 
of the ripple height to lessen after each check 
po.int in the filter may point out the defective 
part, 

(irm;! ;j ligllJlJeJJ! 

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 produced by 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 a.djustment 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 yoqr oscilloscope, 
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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. 

.. 
M.R~(A orn CENERATCR 

~ 
0 0 0 
0 0 0 

sw~rp Fl< 0 .) 0 0- I--
G£'1ERATCR R rCLlVER o 0 o 0 

I~ -='=- J 
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 mc. 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 tuni!'lg control of the sweep generator. 
The pattern Been on the oscilloscope is a graph 
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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 rn arker sig
nals are used to accurately mark the exact 
position of lmportant 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. 
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Figure 6-13 

The curves should be symmetrical on either 
side of the 10.7 me 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 me 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 mc equally well. 
This is indicated by a straight line from 10.8 
me to 10.8 me in Part B of FIgure 6-13. If th1s 
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 (tJ1d HiFi App lications 

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. 

o a 0-1----' 

A F GENERATOR 

Testmg 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
d1 vidually) with the oscilloscope for making tests. 

Siue JYlI7/Je Tel/illg 

An audio signal generator applies a sine wave 
of varjable amplitude and frequency to the input 
of the a\.ldio 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 an audio 
generator connected to a complete audio ampli
fier. 
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Figure 6-18 
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Figure 6-17 
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The test of an amplifier's fidelity is the degree 
of 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 
if a 80 cps sine wave and a 120 cps sine wave 
are mbced together, a new waveform is pro
duced, FigtU"e 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 1 BO cps wave
form is the third harmonic, 

When amplifier circuits are not operating prop
unwanted harmonic waveforms are 101-

on the connected to the 

Ito CYCLE WAIIEFORM 

Part VI 

fier. This causes the waveshape of the to 
be altered, and therefore distorted, just the 
60 cps sine wave in 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 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 <;;""'''''1,'' 
of distortion patterns obtahled in audio ampli
fier testing. For example, Parts D and G of 

6-19 show second harmonic di.stortion. 
would indicate improper grid bias or 

too small a plate load resistor in one or more 
of the amplifier 

Various phase 
the in 

6-18 

further distort 

C(lMPU:X WAVEFORM 
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Figure 6-19 

Sqllare Wave Yes/iug 

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 and alllts harmonics. 
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. 

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, 
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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 to the horizontal input of the oscilloscope. The 
output of the amplifier is cOTmected 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. 

00 phase trace for sine waveform output 

/ MJ\M 
Phase trace for negative peak flattening. 

J MfW' 
Phase trace for positive peak flattening and 
increased negat ive flattening. 

J 
Phase trace 101' 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 fmmd in earlier chapters. 
Hum can be isolated in audio circuits the same 
as in receivers, as described in Chapter 3 of 
Part VI. 

Phase d i ag ram show i ng about 1 00 pha se d I He renee 
between Input and output for sine waveform output. 

Phase diagram showing distortion 
by action of amplifier. 

Phase diagram showing pronounced dlstor.tlon. 

Figure 6-21 
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CHAPTER 5 
A mateur Radio Transmittet' 

Applications for Your Oscilloscope RF TO 'J . 

A f to ',1(.: L 

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 oscllioscopes, 
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 to the CRT. 
Refer to your oscilloscope instruction manual 
for directions. 

Trapezoid Patterm 

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 ls 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 a wedge
shaped pattern, or trapezold, on the screen. 
Figure 6-22A shows a 100% modulated signal, 
Figure 6-22B shows 1es8 than 100%. Figure 
6-22C shows over modulation. 

A trapezoid pattern is useful for determining 
percentage of modulation. The maximum (H 2) 
and minimum ('H t) heights of the trapezoid 
are measured, using any convenient unit of length. 
Percentage of modulation may be calculated as 
follows: 

H 2. - H \ x 100 = perc entage of modulation 
H 2 +H t 

Figure 6-22A Figure 6-22B 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 RZ makes 
the pattern width adjustable. Re
sistor Rl limits the maximum signal 
available, 

Tbe [II' ave Envelope Pallen} 

If the built-in horizontal sweep of 
the oscilloscope is used, the RF 
voltage can be applied to the vertical 
CRT plates. The sweep wUl pro
duce a pattern that follows 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 B-24A. Less than 100% is 
shown in Figure 6-24B. 

Figure 6-24A 

OvermodulaUon 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 coU) 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, 

II 
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c 

Figure 6-24B 
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Figure 6-23 

Figure 6-25 

~ANT. 
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Figure 6-26 
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CHAPTER 6 

The QJeilloscope as a Teaching Aid 

The osCilloscope is a useful addition to U1e 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 point out 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, electrLcity and 
biology. 

In practically all applications, the oscilloscope 
is used with other pieces of equipment; some 
are quite standard, oUlers 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 rv should not be overlooked. Most of 
these experiments would also make usable 
demonstratlons in SCience classes. 

ViJIlftl SOIIlLio)] oj ProblCIJfj It'Jlb 11 Compllier 

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 ln 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 maybe 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 a11- 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 llie variable 
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 "lmee
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 represented by voltages. 
In practice these factors cannot be readily 
changed, but on the computer anyone 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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F.rllillg Body Prohlem 

One of the simplest problems encoWltered in 
elementary physics is that of a body moving 
Wlder 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 6 ~ 9 

dt2. 

where 9 I.s the acceleration which a body ex
periences when in the earth's gTavitational 
field and y is the distance the body falls in time, 
t. 

50111110/1 of FCII/illg Body Problelll 

(a) As observed on oscilloscope, Body was given 
initial horizontal velocity. 

(b) As recorded on pen recorder. 

The solution ml;l.Y he 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, 
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Part VI 

The Stlldy of SOl/lid 

Equipment for using the oscilloscope In sOWld 
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, mUBical instruments, and 
other sources of sOWld 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 (harmonies) mixed together. 

The method of measuring phase relationshlp 
from Chapter 1 of Part VI can be used to 
measure the speed of sOWld, 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 wlll help increase the ampli
tude of the horizontal input. 
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Figure 5-27 
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SMALL TUBE MICROPHONE I ~~~KER _______ / __________ _ 

r.===~~IJ . , 

SCALE 

Dm 
A F GENERATOR LOAD AMPLIFIER 

Figure 5-28 

The velocity of sound in air is related to the 
frequency and wavelength by: V = AFi where V 
is the velocity in feetper second, A is the wave
length in feet, and F is the frequency in cps. 
Fr equency 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 sOillld 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 ampliii.ers, 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. 
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Figure e~30 

The following material includes two areas 
ctiIficult 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. 

A r GENERATOR 

Figure B-31 shows the physical setup for 
demonstrating phase relationship in RLC series 
circuits. Rl 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 Rl and R2 is 1n pha.se with 
the current. In pOSition 2, the voltage across RI 
and Cl is not in phase with the current. In posL~ 
tion 3, the voltage across Rl and Ll is the phase 
difference between voltage and current; tt is 
oppos ite that of Rl and C 1. 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. 

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 ahowmg 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 efJects 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 
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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 cormected to the vertical input term1-
nals and spun by hand will show the action 
of an AC generator. The phase in version 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, 

Biology 

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 appUed 
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
gl'aphic 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 C(/IIII:I"(/ Phologl'ilphy 

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 amotmt of 
light might fog the picture. If the room cannot 
be completely darkened, Figure 6-32 shows a 
possible setup that might be used. 

BLACK PAPijR CONE 

Figure 6- 32 

T),pe oj C<lmel'<l 

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 shutler 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. 

T)'pe oj 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. 

Takillg Statiollar)' Pictlll'es 

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. 

Figure 6-33 

Shlllle," Selli/lg 

Ii 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 haa 
"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. 

Expowre 

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. 
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When the opening is not adjustable, use a 
longer shutter speed. Keep a record. The intens
ity control on the oscilloscope should be set 
about normal or a little above reg-ular viewing 
brightness. 

When the film is processed the prints will show 
wl)ich exposure is best. 

PfJlllroid Camera s 

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 typ€ 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. 

If 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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DOl/hie ExjJos/lres 

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 nash 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 norma) oscilloscope picture. When 
the fUm 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. 

Part VI 

Figure B- 35 
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CHAPTER 8 
Medical A ppL,catiolls 

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 witl1 the oscillo
scope in medical schools, and more articles are 
appearing everyday on the new uses 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 elTE 

~-

TOOTI1I1~S INSUHIClorr 
PR£SSUH 

EXCESSJV[ PREs'\URE 

Figure 8-36 

E! eCll'O e Jlcepha !ogra pI;), 

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. 

Figure 8-37 
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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 cW'rent as the heart discharges is called a 
QRS loop, or vectorcardiogram. The vector
cardiograph machine may also have an electric 
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 tbekymograph. However its use 
is limited because it is a mechanical device 
and the inertia needed to start the device some-

Part V! 

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 musc1e 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 lO-times 
gain should be sufficient for most general 
purpose oscilloscopes. Figure 6- 3B 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. 

OKILLOSCOPE 

F~re 6-38 
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GLOSSARY OF ELECTRONIC TERMS 

This glossary should assist you with Borne of 
the more unfamiliar terms used in the E F - 2 
text. These definitions of terms apply to elec
tronics in general, but in many cases speciiic
ally refer to their use In the EF-2. 

Accelerating anode. One of the electrodes of the 
CRT electron g1.ll1. It is used to accelerate the 
electron beam before it is deflected. 

Alignment. Adjustment of circuits topaS8 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 equals6,25xl018 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 (AFl. 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 electncal energy. 

Cathode. In a vacuum tube, it is the electron
emitting electrode. 

Cathode Follower. A vacuum tube circuit with a 
gain of less than 1, 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 
pasSU1g 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. 

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 (/lfd) 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 eliminatlng or re
ducing the AC ripple in a rectified current. 

l"luorescent screen. The coating on the inside 
)f the face of the CRT, which glows when hit 
)y an electron beam. 

[i'requency. The number at cycles per second. 

}raph. A line drawing that shows the relation
lhip between two or more quantities, such as 
loltage and time. 

3rid. The electrode in a vacuum tube that 
s used to control the current from cathode 
opIate. 

1round. The reference point from whIch volt-
1ges are generally measured. 

leater. An electrical element tn a vacuum tube 
or supplying heat to an Indirectly. heated cathode. 

[emy. The un it of inductance for a coil. 

mpedance. The total opposition to the flow of 
lternating or pulsating current in an elec
ronic circuit. 

1ductance. The property at a coil that enables 
, to store electrical energy, 

nterelectrode capacitance, The small capac
tance between the metal electrodes 1n a vacuum 
ube. 
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Kllo-(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 produced by 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 (0). 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 haa 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. 

sections. 

A semiconductor device with a 
sandwiched between two 

-:7---;---"~- The characteristic of having two oppo
and minus, 

changeable variable 

Protons - Positive charged particles in the 
nucleus of the atoms. 

Pulse. A change of current or voltage of very 
short duration. 

phase with the other. 

or transistor 
out-of-

Those frequencies ern
of radio 

to I, 000, 000 megacycles 

Reactance. The of inductance and 
capacitance to the flow of alternating or 
ing current/ the part of impedance. 

A circuit element that changes AC to 

Regeneration. Positive feedback, 

Retrace time. The of time for tile elec
tron beam to return from the end of ODe sweep 
to the start of the n ext sweep in a CRT, 

, The time it takes for a to 
~'""---=-7 of its maximum value to 90% 
of its maximum value, 

rms, Root means square; the effective value of 
alternating current mat corresponds to the 
value of dn"eet current that will produce the 
same amount of energy in heat. 

~~~:.t,;. Symbolic 
circuit. 

of an electronic 

Screen grid, A 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. 

A component that is connected in parallel 
another circuit device, 

of putting 
in an 

A bet ween the plate 
grid to minimize secondary 

emission. 

Sweep voltage. The voltage that produces hori
zontal deflection in a CRT. 

-"'--=--"'-' 

A four - electrode vacuum tube. 

the CRT) 

A sweep that starts only when 
is It occurs for one 

only and must be started again, 

A three-electrode vacuum tube, 

__ --'-;:-'--: . A device that converts energy, such 
as energy, to another form, Stich as 
electrical energy. 

A signal that occurs 
of conditions. 

once for an 

device for recti-

A circuit with capacitance, 
adjusted to a resonant 
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Voltage, The electr ieal pressure that causes cur
rent to flow in a circuit, 

Voltage regulator, A device to maintain a con
stant volt~e across a circuit, 

Watt, A unit of energy consumption. ELectrically, 
one watt equals one volt times one ampere, 
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Waveform. Graphic representation of a signal. 

Wave envelope. The outline of a high frequency 
waveform. 

Z-axis input. COIUlection to the CRT control 
grid for Intensity modulation. 



TYPICAL COMPONENT TYPES 

lis chart is a guide to commonly used types of elec
:,mic components. The symbols and related illustra-

tions should prove helpful In identifying most parts and 
reading the schematic diagrams. 
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