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The National Center. for Research in
Vocational Education’s mission is to increase
1. . the ability of diverse agencips, institutions,’

and organizations to.solve educational prob-

. lems relating to individual career planning,
preparation, and progression. - The National
Center fulfills its mission by: . b

. Generating knowledge through research
R \ » )

—s> Developing educational programs and
produtts ,© - '

* + .- e Evaluating individual program needs
' * “and outcomes

"~

.£.¢ Installing-educational pragrams and -
=~~~ products - .
. ' ¢ Qperating information systems and

- services : .
A ¢ Conducting leadership gevelopment and
: training programs
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Course Description . ! . .
- e .
- Ann R . - .
" This s a basic course designed to Provide the student with some fundamentals of eiectricity. It does not :nclude eiectrical tasks o1 specitic Job skills -
The seven’lessons each have a iesson assignment sheet with objec tives, materials required, and suggestions. They coves the foilowing lov'.ei
* - .
% .o i
. Lesson1 ‘-~ Electrostaties 1s divided into two sections. The first section on eiectrification covers attraction and repulsion, the
. structuge of rpatter, atomic structure, agd charging by contact and induction The second section on electrostatics . -
covers electrft frelds and lines of force. . .
\ Y .
Lesson 2 - Electrokinetics discusses current, resistance, voltage and rranensm. .
.
’ * . y *
: J Lesson 3 — ,0hm’s Law and Direct Current Circuits explains cirduit components, circuit fundarfientais, and circuitanaly sis, power, !
ve , and resistors. .
[ ~ . °
Lesson 4 - Alternating Currgnt, Inductance, and Capacitance discusses alternating gurrent and its compagison with direct current. )
describes indultance and capacitance and their presences in a.c. circusts, and gives methods used to determine the
A . .
* amount of inductance and capacitance in.an a.c. current, R .
.o .o ’
* . -
- Lesson 5 - Resistive-Capaciive and Resistive-Inductive Ciréuit 1s divided into two parts. The first part dealing with RC wircuits . -
. * * 4 discusses wavelengths, circuit response, time constants, charts, and power. The Rl section discusses Circuit-response,
3 . Tme. conStants and power in 3 series Rl circuit.
. " “ . FY . . . 4
. X B
Lesson 6 - Opemtion and Characteristics of Vacuim- Tubes discusses electron emmission, diodes, triodes, and multi-€lectrode -
' . tubes. . . ' 4 R . ¢ f
. . £
° Lgsson 7 - Operation and Charactenistics of Transistors covees transistor functionsy transistor material, ei€ctrical charges inside 3 *
A . B
. + semiconductor, electron-hole movement, electron-hole mavement in a-single crystai, e relationship of transistors and .,
B diodes, bias, movement of charges in a diode, transistor symbols, transistor circuits, common emmitters, common R
circuits, coliector circuits, amplification, transistor characteristic curves, transistorized equipment, end testing transistors .
AN ; with an chmmeter. . : . . b}
. . ' A .
This basic course is designed for student self-study. Each lesson contains objectives, text and review exercises. The answers to the exercises are P1o-
grammed 50 that additional information is provided in the case of an incorrect chQice, and immed ate, feedback s given on acorrect choice A hifty )
" multiple choice final exam 15 included with the package, but answers are not available.
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\ ORDNANCE SUBCOURSE NUMBER 98, FUNDAMENTALS OF ELECTRICITY _
N . (24 Credit Hours) . , T

- . INTRODUCTION ' .

, - . . ¢

- ' This subcourse has been designed to provide you with a general knowfedge of the funda-

mentals of electricity and basic electronics. It should be of great help to yowin any further -
. study of equipment electrical systems. - L
Tl - . ‘ ‘

. « This subcourse condidts of séven lessons and an examination organized ag follows: ‘¥

Lesson 1 Electrostatics - ¢
N . . Scope~To familia’r.izeyc%u with the theory of static charges. S
Lesson 2 Electrokinetics y
Scope—To fami}liarize you with’the th@l of moving cha{ges. ‘

-
rd

.

o

. Lesson 3 Ohm's La‘w apa Direct Current Circuits -t - .
- Scope—~To familiarize you.with Ohm's law and the parameter$ of direct current®

rcuits.
circui ., “. .

. - ' »
Lesson 4 Alternating Current, Inductance, ah Cap}itance
v . .
Scope~—To famillarize you with the fundamentals, of alternating current'and its
—_— ] " interactions with inductance and capacitance, - *

. . .

A Ve 4\ - .
Lesson 5 Resisﬁve-Cépacitiv‘é and Registive-Inductive Circufts T
A %  _Scope—To far'nﬂiar\iive-yOu with the characteristics of RC and RL circuits.

I3 \ 4 -

Lesson 6 Operation and Chau_-actﬁeris;i‘cs of Vacuur;'l Tubes -
C Scope—To acquaint you with the basic principles of operatiof and pplication ¢f
) . L vacuum tubes. ) .

. St -0
PRR
.
N

. T Lesson 7 Opgration and Characteristics of Transi;'tors

_ Scope£Tq familiarize yofx with the operation, characteristics, and construction
. " of transistors. ’ I - ) .

~

I

« . r .
. ' v 3 .

) el PN
Examination : . -

Y .

% . .
. .
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.No téxts, other than the attached memorandums in lessons, are used in support of this

subcou:se Therefore, .you are not required to return any texts to the US Army Ordnance
Center and School,

£ . «
.y

°

This subcourse may ¢ontain errata sheets.

Make certain that you post all necessary
changes before beginning., s - * :

’
A

Return all undsed franked envelopes to the US Army Ordnance Center and School at >
the same time you send in the answer sheet to the examination

- « 7 [ - -
Note. .- The following publications were used in the preparation of this subcourse: ,

. TM 11-661

TM 11-681

Electric Fundamentals (Direct Current)
Electric Fundamentals’ (Alternatmg Current)
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sl . . B .
: Ordnance Subcourse No 98 « « +« « « + . Fundamentals of Electricity

Lesson 1 « « « v v v v v v v v o . ... Electrostatics -

- -
| CreditHours . . . .+ « «+ s « « « . . . Three o .
T . .
o Lesson Objective . . . . . . . . . *After studymg this Aesson you w111 be able to
e T, “state the ) S, - B
- : . 1. Principles of electrification and
magnetism.
2. Theory of electrostatics to include
- - electric fields and lines of force and
e v - th@r effect on charged and uncharged
{ bodies.
» 4 -

d

TeXt « « o v o o e 0 e e e e Attached Memorandum

Materials Required . . . . . . . . . . . None

\ Suggestions . . . . . . . .% . ... . . None ‘

STUDY GUIDE AND ATTACHED MEMORANDUM

- - - ‘

y . 1

l. INTRODUCTION. )

2. There are two fundamental and invisible forces which are responsible for the
wonders of electricity: electric and magnetic. These are the forces which make posgsible
the operation of electric motors, generators, llghts, and other electrical apparatus. To
become a good repairman of any electrical system an understandmg of these forces is
ko] essential.-

b. In this lesson we will concentrate on the study of static charges; later, we will
study moving charges, magnetism, and the operations and characteristics of electrical
components. N

2. ELECTRIFICATION. , ) .

Ll

a. Early history. The ancient Greeks found that a yellowish resin called amber,

if rubbed will attract small bits of wood shavings. They also learned that the invisible
force about a piece of amber so rubbed is dlfxrent than the force about a magnetlzed piece

o of iron; i.e., the force about the amber, a nonmagnetic substance, 'does notattract
o . 0s 98, 1-P1
September 1973
‘tlb
sy .
: - \

\»
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magnetic substances; while a magnetic force does not attract a nonmagnenc substance, such .
as wood shavings. Later it was discovered that many other sybstances Such as glass and
rubber, after being rubbed with a piece of fur, wool, silk, etc., exhibit the same charac-’
teristics as amber; 1. e., they attract bits of paper, wood, and certain other light objects. .

Lo

»

(1) In 1733, a Frenchman named DuFay observed that when a piece of glass
is rubbed with cat's fur, the glass and the cat's fur both become electri-
fied, but that the glass will attract some charged objects that are repelled

- by the cat's fur and vice versa. From this observation he toxy:luded cor-
, ‘rectly that there are two exactly opposite kinds of electr:cxty °

.

(2) Benjamin Franklin introduced the terms positive (+) and Mtive (-) into  *
the science in order to distinguish between the two different kinds of elec-
tricity. Franklin defined a positively charged body as one which exhibits
the same kind of charge as-that associated with a piece of glass after it is
rubbed with silk. He defined a negatively charged body as one which

® exhibits the same kind of a charge as that associated with a rubber rod

‘* after it is rubbed with cat's fur. He defined as electr1ca11y neutral all -
bodies which exhibit no charge.

’ R

(3) Further study and experimentation since Franklin's time have added much
‘ « information regarding the characteristics of electric charges and forces.

- b. Attraction and repulsion: The forces of att&mn and repulsidn between elec-
trically charged bodies may be demonstrated ag follows: One end of a rubber rod 1s rubbed
with fur and then suspendeq by a piece of string (ffg. 1A). When a second rubber rod has
been electrified the same way and its charged end brought near the charged end of th® sus-
pended rod; the latter turhs away (fig. 1A) showing repulsion. 1If, instead of the second rod,
the fur is brought near the ¢harged end of the suspended rod, the latter turns toward tle
fur (fig. 1B). If a glass rod, rubbed with silk, is hrought near the charged end of the
suspended rod, there is attraction (fig. 1C), but when the silk is used, there 1s repulsion
(fig. 1D). Since the fur and the glass both attract, these have the same kind of electricity
and ere said to be ppsitively charged. The rubber and silk are said to be negatively charged.
This experiment shows that two kinds of charges or electricity exist. It also demonstrates
a rule concerning the action of one kind of charge on another.

o (1) Figure lA shows that two negative charges repel each other Figure 1IC .
. shows that positive and negative charges attract each other, and figure
- 1E shows that two positive charges repel each other. This attraction or
. repulsion 1s mutual and is-expressed in the following fundamental laws:
B LIKE CHARGES REPEL EACH OTHER; UNLIKE CHARGES ATTRACT

o
e

EACH'OTHER, or, THE FORCE BETWEEN TWO LIKE CHARGES IS
& ONE OF MUTUAL REPULSION; THE FORCE BETWEEN TWO UNLII\E
(2)

ERIC '
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CH.ARGES I$ ONE OF MUTUAL ATTRACTION.

Also, it has been found that the force of attraction or repulsion between

. two electrical charges varies directly with the product of the quantities ©

of the charges and inversely with the square of the distance between
them. This may be expressed by the following mathematical equation:

0s 98, 1-P2

” -
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w??ﬁﬁf‘(ii"x-asb)’";fﬂa“'c'féb_uﬁi'e's“sﬁa’ce". - Examples—of-matter ares
cars, the clothing we wear, and our own bodies. From these €

where F & force,

d = distance betweén charges, ’
~ ql = quantity of one chirge, ’ .
q2 = .quantity of second charge, and :
e =

dielectric permittivity. of the medium in which the
charges are located. .
In vacuum, € = €4 = R

-

.

The force i.s one ‘of attracti\o 1£ the charges are ‘unlike and one of
repulsion if. the charges aré allke, .

as any substance that has
e air we breathe, water,
les, we can con-

Structure of matter. Matter may be defi

clude that matter may be found in %ny one of three states; namely, solid, liqud, or

gaseous.

t - -

(1) Al matter consists of one or more basic materials which we call
elements. Scientists have definite proof that 102 elements exist
and believe that there are several others as yet undefined. In
chemistry, an element is defined as a substance that can be neither
decomposed {broken up into 2 number of substances) by ordinary
chemical charges nor made by chemical uhion of a number of sub-
stances. Copper, iron, aluminum, and gold are examples of
metallic elements; oxygen, hydrogen, and.sulfur are nonmetallic

elements. % -~
(2) A substance containing morethan one constituent element and
- having properties different fTom those of the elemental constituents
is called a compound. For ‘example, water is made up of two parts «
hydrogen and one part oxygen. Therefore, :water is a compound.

{3) A molecule is defined as the smallest particle of matter which can

exist by itself and still retain all the properties of the original
substance, If we take a drop of water, a compound, and divide it
until we have the amallest particle possible and stillhave water,
that particle is known as a molecule. An idea of the size of mole-
cules may be obtained by imagining that a stone is first broken into
two pieces, and that this process is carried on indefinitely. -The
smallest particle of stone which could be obtained by this process

+ would be a molecule. Actuall\y, it is ympossible to crush a ston-
into its molecules; we can only crush it into ‘duqt. One small particle

of dust is composed of thousands of molecules.

(4) Anyatom is defined as the smallest part of an element that can take
patt in otdinary chemical changes., The’atoms of a particular ele-
ment are of the same average masé, byt their average mass differs
from that of the atoms of all other €lementa, For simplicity, the
atom may be consid®red to be the smallest particle that retains its
identity as part of the elerhent frog which it is divided. Figure 2
shows that a molecule of water is made “up of two atoms of hydrogen
and one of oxygen. Since there are 102 known elements, there must
be 102 different atoms or a different atom for each element. All
substafices are made of one or, more of these atoms. Just as
thousahds of words can be made by combining the proper letters of
the alphabet, so thousands of different materials can be made by #
chemically combihing the proper atoms. )
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Figure 2. Water molecule. 5
(5) Although 1t was-formerly believed that the atom was the srnallest .
\ . :
1 ’ particle of matter, 1t 1s known now that the atom itself can be sub-t .
divided into still smaller, or subatomic particles: electrdns,
‘ protons, and neutrons. . .
. d. _Atomic structure. Figure 3 shows how three aluminum atoms would %
probably appear if magniixed"loo million times, suryounding the positively charged
! nucleus are negatively charged electrons that continually reyolve at a very tngh speed.
. The electrdn theofy explains that the atoms of’atl elements (copper, gold, oxygen,
. etc.)are similarly constructed of a central nucleus and revolving electrons.
e .. - - .
. . .
- * \ )
¢
foe s
’ ’ -
[ 11 ’
- ; '~ FtRST RING OR SHELL CONSTRUCTION OF ALUMINUM ATOM
. ) e -
[ e secono mic on smect. e et
ND SH ok TR
. . ’ {m—eem— THIRD RING OR SHELL THRD SHELL= 3. ELECTRONS. ) : .
. POSSIBLE TO BE FREE N
. N T, ; . o
. ~ Figure 3., Three atoms of aluminum,
- e. Examples of dtomic structure. )
’ . - (1) Figure 4A represents the atomic structure of the simplest of ail
N R atoms, the hydrogen atom. It contains one electron revolving = - ,
. . around one proton whith acts as a nucieus, Because the negative -
: K charge on fhe electron is exactly equal to the positive charge on the
A proton, the atom is electrically balanced or neutral. An atom 1is PN
v always electrically balanced - the number of electrons equals the ’
. ' numbe# of protons. ‘- -
~ . *
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CAnaoNbTOM c COPPER ATOM D

-

. ‘ Figure 4. Structure of atoms. .
(2) Figure 4B represents the helium atom, The nucleus of the helium’
+ atom contains two neutrons and two protons. The positive charges
a0f the two protons are just balanced by the negative charges of the
two revolving electrons and the electrical’ charge onthe entire:

atom is again neutral.” .

(3) Atoms of other elsments are more complex than the hydrogen-and
helium atoms. For example, figure 4C represents the structure
, of the carbon atom. Note that the six orbatal elect.ronp revolve 1n
. two aeparate rings or shells.

(4) Infigure 4D an even more complex.atom is shown; namely, -the
copper atom, The nucleus is composed of 29 protons and 35
- neutrons. The, orbltal electrons revolve in four separate shells, .
“ - only one electron revolves in the outer shell, . .

PRI The building-blocks, The electron theory shows that the only difference
ama‘h.g the virious elements™18 the number and arrangement of the electtons, protons, -
and neutrons: of which each atom is composed. There is no difference between the®
electron in é-;f'@:om of copper and the elsctron .n an atom of alumijnum, or any other
element. There is no difference between a proton in one atom and a proton in another
atom of a different element. Likewise, the neutrons in the atoms of various elements

are thought to be identical. Since all matter 18 composed of atoms and all atoms are .
composed of pontwely charged particles called proton, negatively charged particles
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cdlled electrons, and uncharged {)artxcles called neutrons, it follows that the proton,
électron, and neutron are the fundamental building blocks of'the universe. ’

v

g- Characteristics of subatomic particles. .

(I) Electrical. The electrical charge€of the proton 1s exactly equal
+ and opposite to that of the elegtron; i.e,, the proton and electron

contain exactly equal amounts of opposite kinds ofpélectncxty. Be-
cause 1t 1s"believed that no smaller amount of electricity exists,
the charge on the electron or proton 1s the elemental unit of elec-
tncal‘charge. Howevet, the elementat umi 1s too small a quantity -
of electricity for practical purposes and a large.Qumt of charge
called the coulomb is commonly uséd. One,coulomliéafi electrxcity‘
contains over & million, million, mitlion (6.28 x 10°") electrons.
Neutrons are uncharged particles. ot

\

(2) Physical. Electrons and protons are approximately sp“fencal
particles of matter. The diameter of an electren, approximately
0.00000000000022 inch, is about three times the diameter of a
proton. Despite 1ts smaller diameter, a proton has a fmass 1, 850
times greater than the mass of the electron; that 1s, a proton is
1,850 tfmes heavier than an electron. The diameter and mass of a
proton and a neutron are approximately the same. Relativel
speaking, there are great distances between the electrons and the )
‘protons of an atom even 1n solid matger. It has been estimated i
that-if-a- copper-one-cent—piece couid-be-entarged-to-the~sifeof the — ——————— - ——
earth's path around the sun {approximatety 186,000,000 x 3. 14
miles), the electrons would be about the size of baseballs and would
be about 3 miles apart. What then keeps the'electrons in their
orbits? In order to better understand this phenomenon, we must
continue our study of energy as evidenced thr\)ugh the forces of
nature.

- -

, h. Charging by contact. Figure 54 shows a neutral body with equal numbers
of electréns and ﬁrotons. If, as shown in figure SB, a negatively charged body is °
placed in contact with the neutral body, electrons will pass from the charged body to
the l:leutral\boc_iy. If the negatively charged body 1is then remove/d, ‘the body that was-
originally neutral will possess.an excess number of electrons and will, therefore, be
negatively c}harged (fig. 5C). If, during the above experliment, a positively ch.ér‘ged
rod had heeh used instead of the negatjvely charged rod,'the neutral body would have
lost some of its electrons to the positively charged body and the neutrat body then
wauld have acquired a positive charge. In either case, the neutral body is charged
by contact and becomes charged with tHe same polarty or kind of charge as the
charging body. - . Lo

1. Charging by induction. A second method of charging a neutral bodz}’g\ -
by induction. Co

(1) Suppose that a neutral body is again suspended by a piece of string
(fig. 6A), and suppose that one end of this neutral body is connectéd
to anothex targe neutral body, ground of earth, by means of a
switch, '

< v

(2) Ifas shown in figure 6B, a e gatively chax;ge?'rod is brougﬁt near
to, but not in actual contact with, the neutrabrbody, the negasively
" charged body will repel electrons on the neubral body and will cause
some of these electrons to flow into the groupd.
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. Figure 5, Charging by contact. = ' g 2 -
(3) I the switch is ope”'ned before the rod is removed, the suspen&ed
body will have more protons than eléctrons and, therefore, will be
positively charged (fig, €C).. ’

*

A .

If 3 positively charged rodnhad been used instead of the negann}e'y
charged rod in the above experiment, etectrons would'have gone

- ’ " from ground into the suspended body;.consequently, the netural,
. body would have acquired a negative charge, In each instance

- there is no actual contact between the body to be charged and the

« . t4)

_charging body; no electrong-pass fromi one to the other. This k4
. : method of charging is called charging by indugtion. N
3. ELECTROSTATICS. . . S
» « a. Electric field and tines of force. Just as lines of force are used to >

represent the rection of the magnetic force associated with one or rhore permatent
gnets, they can also be used to represent the direction of the electric force,about
ne or more charged bodies. For example, suppose thata charged body is placed
"/under a prece of glass and some short brush bristles are then sprinkled over the top
of the glass. When this is doné, ‘the bristles' which fall close to the charged body and
other brystles inthe vicinity of the ch:irged body, move somewhat before coming to™* R
rest. It can Be concluded, therefore, that the-charged body is exertinga force-on
he bristles. Since there is no physical contact between the charge and the bristles,
¢ say.that the charge-produces action’at a distance, It is often said that the charge
crextes a field of force if space. Also, examination of the pattern forfned by the
_bristi®x;on the glass reveals that the bristles aline themselves 1n definite directions- -~ |
~ (a fact wRich leads g to attribute a: digection to the forces in the electricftﬁféjldj. o
many times-the above eipe_rin}ent 18 repeated, 1t will be founqﬁttxa‘gfﬁq

- . . . N -
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bristtes always arrange themselves into a i'a. fal, yzﬂ:er’ﬂ (provxded that no: other .

strong electric charges’a® in the vicinity t& sfort the electnc fxeld) This.radial .
pattern is represented by radial lmes of fo“ié%? in A or. B “of ﬁgure 7. Iz “
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b. Exploring an electrical ﬁeld. An electrical field about a charged body
is explored by the use of another charged body known as a test charget By agreement,
a unit positive charge is always used as a test charge. A method of exploring an
electrit field with a test charge is as follows:” suppose a test charge 18 carried from

point to point in the vicinity of some charged body. Then, we find that at every point
the test charge 13 acted upon by a force having both magnitude and direction. That
is, as it u carrled from point to point, the _test charge experiences a force which’
varies in strength and direction. Thus, the electric field intensaty at any point in_
the field is defined as the force which a unit positive charge would experience 1f
placed at this point. Fpor example, 1f the unit positive test charge weré carried in
the vicinity of a negatively charged body, the force on the test charge would be one of
attraction (mutual attraction of unlxke charges). However, 1f the test charge were
“cartied inghe vicinity of another positive charge, the force acn\ng on the test c,harge

would be one of repulsion (mutual repulsion of like charges).

c. Electric lines-of-force. An electric line of force 18, by definition, a
line which at every one Q}' its points gives the direction of the resultant electric force
acting on & unit positive charge if placed at-this point. In other words, the tangent }
to the lmzat any point is the direction of the electrical field intensity at that point
A and B of figure 7 are examples of lines of force representing electric fields. .

(1) Coulomb discovered experimentally that the force of attraction or
repulsion between two point charges of magnitude or strength gl
and g2 separated by a dxstance d 18 given by the_formulid—
. +q qz
L - ed2 g .

in which ¢ = a constant, characterizing the medium 1n which the 4
charges are located. The plus sign s used ifq; and q, have like
charges '&md the minus sign 1s used :1f q| dnd q nave unlike chzrges
A point charge 18 a charge which can,be considered to be conc
trated at a point and a way ‘of attajning this in practice 1s to charge
a sphere of very small radius. In this case, the’charge would
occupy negligible volume and might be treated as a point charge.
However, it must be realized that a point charge 15 an 1dealization
which cannot possibly be attained, since the smallest unit of charge
. is that of the electron which occupies a defimite amount of space.

Therefore, in view of what has been said, Coulomb's law can be

interpreted as giving the force ‘betwe'en two charges, the physical

dimensions of which are small compared’with the distance between

them. : - e . :

a =

»

(2) Figure 7A shows the lines of force'which represent the efectric
field prdduced by a positive point charge. The field 18 radial, since
the ford® on a-unit positive test charge i:f placed in the field would

be along the line connecting it to the field charge. Since both charges
. are positive, the force is one of repulsion. which explains thetdirec-

tion of the arrows on the elegtric field lines. Since, by defimtion,
‘the”field intensity at any point 18 the force on a umyt positive test

* charge placed at this P¥int, we can find the magn:tude of this force
by using Coulomb's law and making qz.' the test charge, equal to
1. Thus, the electric field intensity at any point distant d from the

N . point charge q) !
R . F = +.q) X1 .
’ o ’ . ed? :
~ ! -
o ~ .
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. T ’ " #his equation shows that the field intensity varies inversely as the
- 2 . squaye of the distance’ from charge q. The letter F is used to de-
- Mgnote electric field intensity, It is cuétomry {n mapping the field,
to draw more lines in regions of greater intensity; with this con-

. vention, regxom far away from chargea would have a smaller ,
- P number of lines drawn per unit area than regions closer to the
- =~ charges, Notice that the field diagram for a negative point charge
is.esséntially that of .a positive point charge, except that the arrows
~ are reversed. This follows since the force on the test charge would

then beone gf attraction. N .

—.

d. Lines of iOrce associated with two charged bodies, In-arder to pxcture
the figld when more than ‘one charge is present, use the principle of superposition.

<

°

. . (N Thxa meéans that to find .the force-on a unit positive charge when
s two charges are present, the following steps are taken:

(a) 'Find the force caused by charge No, | acting alone.
b) Findthe force caused by charge No. 2 acting alone.

(E) Find the resultant by totaling the two forces, "taking into
’ ) account the diréctions of the forces. :

. . . (2) ‘To grasp this more fully, consider the foltowing illustration. .
\ Suppose, it were possible to have two point charges of equal magni- \ "

- tude and opposite signs located at the same point (iig 8). Then at

any point in space a unit positive charge would expenence two

forces, one of repulsion caused by the positive charge and one of |

attraction caused by the negative charge. Since the superimposed .

charges have equal magnitudes, the forees would be equal and thus

would have a resultant force equal to zero. This condition is shown

° . in figure 8, . & .

Umrt? pogiTIVE
TEST CHaRSL ~

FORCE OF AEPULSION L3
OETWELM LIKE CHAROLS N

FORCEOF ATTRACTION
SLTWEEN UNLIRE CHARSES . .

S e e gy =

CQUAL POITivE ‘,,o/’
P

NEGATIVE CHARGES P
LOCATED AT SANE POINT ,’ p
P

e A e

et SOLID LINES REPAESENT ;O'Cl CAZATED BT POSITIVE CHARGE 3
DASs LINES ALPARESENT FORCE CREATED BT NEGATIVE CHARGE

R4 .

Figure 8. Superposition of unlike charges of equal ma gnitude.,
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. (3) Now, let us find by the same method the field due to two point
; charges which are separated. It must be understood that, despite *

the fact that the test charge will be gubjected to two forces, it can
only’move in response to the resultant force. {In the case of two
“equal and opposxte charges located at the same point, the resultant -

- . force on the test charge at any point in the field was found to be

zero. This means that the test charge will not tend to move, but

will remain at rest.) :

(a) Figure 9 shows the test charge being acted upon by two forces:
the force caused by the positive charge, and the force caused
by the negative charge. Since the test charge can only respond
4 to the resultant force, and since it can only move in one direc-

tion, it actually experiences a dxaplacemént in the direction of
the resultant force. Thus the direction df thefRlectric field at

K . ] the point of the test charge is shown by the direction of the

: arrow On the resultant force in figure 9.

FORCE OF REPULSION
PETWLEN LIKE CHARGES

PONTIvE

TEST CHanGE ~—

RESULTANT FORCE
ACTING OM
TEST CHARGE

7/

4
FORCE OF ATTRACTION
BETWELN UNLIKE

e POSITIVE . CHaraEs
. cnamst ¢ .
. b
nesaTIvE
CnA!G!
A Figure 9. Rgsultant of i‘orcea exerted by unlxke charges

(b) By using this msthod, it is possible to determine the diréction
: of the electric force at any point on the field produced by two
. equal and unlike point charges or two equal and like point charges
(A and B of fig. 10). The lines of force represent the direction
of the resultant force at every point in an electrical field. Note

' - . that in figure 10B, the point midway betweeh the charges ex-
‘ -periences zero resultant-foxce, ‘thus,"'a test charge placed at
’ this point would remain at’ rest. ¢ . - - T

e. . Potential difference. A dxfference of<potentxal exists between !hetermmals
of a battery. For this reason, 1f a battery were connected as shown it figure 11,
electtons in the wire would be repelled from the negative terminal and attracted to the
positive termmal. As a result, a movement or flow of electrons through the wire
would take place. *In practice, it 18 customary to ise the wordd potential and voltage
mterchangeab-ly So, for the two plates A and B, one can speak of either the voltage
-rise in going fsom A to B or the voltage drop in going from B to A. Consider the
: Jollowing bxample “Plate A is at a potential of Z volts and plate B 18 at a’ potential

. =+ 7. bf 3 volts (the volt is the unit by which potential is measured, af will be explained
Qe later). The rise in potential in*going from A to B is 3 -.2:= a volt., The drop in
- potential in going from Ato Bis 2 - 3= -1 volt. (The-re is ,actually a drop in poten-
A tial in going from B to A ) The potentxal drop in.going from Bto Aig 3 -2 =1 volt. ;
Thus we see that for any two points A and B, the potential rxse in gomg from Ato B
’ . 1s the same as the drop of potentxal.m gaing from B to A. Exthcr of these quantxtxes
may be negatxvg,‘ as shown-by the example. Wherever the worc} potential is uaed :
- the term voltage can be substituted. As mentioned previously, potential or voltage
is measured in volts, Thus a volt is essentially work pe‘r umt\'charge When we say
that the voltage ‘of a battery is 100 volts, we mean that the voltage or 'potential rise
. ; &
s - et [N
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in going from the negative to the positive terminal 1s 100 volts. -The negative sign
that 13 used in battery diagrams do_::s not mean‘that the negative plate is actually at

- a negative potential but merely that with respesct to any reference point, 1213 ata - .
. lower potential than the plate.marked plus. The térm ground 18 very often used in
electricity as a reference point. Thus, in a radio Bet, component parts are connected .
to the metal chassis which. in turn, 13" connected to ground. In this case, the chassis"
18 the reference point. In trolley systems with overhead wires, the rails are con- .. ” <
" nected to the earth or groupd to prevent any injury to a person stepping on them. R
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LESSON EXERCISE QUESTIONS

Instructions for use of the answer sheet:

1, The procedure by which you will answer the exercise questions in this subcourse is
probably new to you, The information is preee\nted in a programed instruction format
where you immediately know whether or not you have answered the questions correctly.
If you have selected an incorreat answer, you will be directed to a portion of the study
text that will provide you with additional information,

2. Arrange this subcourse booklet and your answer sheet 8o that they are convenient,
Each exercise question has three choices lettered a, b, and ¢. Your answer sheet has
three groups of numbers for questions 1 through 200, The numbers indicated for each

" question represent the a, b, or ¢ choices. The exercise response list is in the appendix

to this subcourse. It contains'a listing of 3-digit numbers in numerical sequence. Each
number is followed by a response that either reinforces a correct answer or gives you
additional inform;?ion for an incorrect answer,

3. To use this system proceed as follc;ws:

a. Read the firat exercise question and select the choice you think answeras the
question correctly. Go to the’questipn 1 aréa of your anawer sheet and circle the 3-digit
number that corresponds with the c‘xoi -fou selected. X

-

b, After you have identified the 3-digit number, locate it in the exercise response
list. If yoQ selected the right choice, the firat word of the response will be "CORRECT, ".
This tells you that you'have answered the question correctly, Read the rest of the Xesponse
which tells why your choice was correct and then go to the next question,

c. If the word "CORRECT" is NOT- the first word of the response, you have se}cted
the wrong answer., Read the rest of the response and then turn to the area in your/study
text that is mentioned, There you will find the information necessary for you to make
another choice, Be sure to recd all of the response Bécause. it will help you select the
correct answer and it also provides more information. Line out the incorrec?S-digit
r‘esi&onae on your answer aheet.} ’

d. Afters you have reread thé'h'eferenée, select another answer and circle the 3-digit
response for that choice. Again check the number of this second choice with the response
liet to see if your choice is now correct and to obtain more information about your choice,

, If your second choice ia still not correct, line out the 3~digit response on the answer sheet

and continue until the correct answer is selected. When you have answered all of the ©
questiQns in an exercise, count the number of lined out responses and see how well you did,

e

4. You will notice that the lesson exercise qﬁeation numbers continue consécutively from

lesson to lesson, This-.allows you to use one answer sheet for the entire subcourase,

5, After you have finished the exercise questions for all lessons, fold and seal the answer

"sheet 80 that the USAO&&S address is on the outside, Drop the answer sheet in the mail

so the school will know ybu have completed the study portion of-the subcourse and are ngow
ready for the examination, . j
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EXERCISE v

1 The common electrical term used to designate work per unit charge is the .
& ~
a. ampere. -
b. coulomb.
- c. volt. -

2. Which of the following is NOT a subatomic particle?
a. Electron -~

b. Molecule
c. Neutron

g o
s

3. According tod DuFay there are how many kinds of electricity? ~ o
. L4 [
- a. 1<+ ., ’ .
bo...2 o ) >
c. 3 , )
\ 4., The smallest partlcle of a substance that can exist by itself and still retain all the ’
properties of the original substance is known as the @ .
a. nucleus . °
b. molecule. -0
.+ c. atom. ’ .ot
5., A substance consisting of two or more elements is called a
< . . »
a. combination. : .
b. composition. g ] -
c. compound, .
‘ -
6. The polarityof a test charge used to explore an electric field 1s by agreement always .

»
Y o

. a. negative,
b, neutral. . - ° ’
c. ° positive. "
L3 »

7. 1f two positive electrically charged bodies are brought close together they will
s «

»

.

g ' a, attract each other. ’ . .
- b. repel each other. . |
* ¢. not affect each other. . . - '
- >
3 ? A

8. Anything that has weight (mass) and dbccupies apace can be classified as

-

a. an atom.

b. a compound. N >, ’  C
c. matter. o0 ) ’ ‘ ‘ ’
T g - . .
9. A test charge is used to . > )
$ . .

.a. verify th&p%sence or absence of a charge. -

b. discharge¥a previously charged body. . A . N

c. "€harge a previously neutral body. : . : o~
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y D) L ‘
o1 . . 29 —

ERIC | _

Aruitoxt provided by Eic: ~
~ »




N -

10, What is the formula for determining the electric field intensity at any point? ‘
‘A F:iqlxlledz' :

b, F=4gqxq,/ed . ‘ v -

c. F:iyqlxqzled . . . *

11, the electric charge of one of a pair of charged is doubied, “the force between the
two charges will ‘

\ - -

. ._a. decrease by half, ) )
S °> b, double, g ) .
. " ..  ac. quadruple. - '
o ° ‘ “ h ‘
\ 12. What term is often used in place of '"potential' in common usage? )
a. Amperage . * . > ®
b. Current . K © ' ) N ,
* g£. Voltage - ’
. ‘ 13, How would the original force between two point charges be affected if the distance
- ’ was doubled? ’ ,,
a. Double . -
b. Decrease by half ’ .
c. Decrease by three-quarters .
| W : : .
14, A substance that cannot be broken up or rhade by ordinary chemical action is referred ',
to as ' . c T
s . : A
- .
.a, anatom, : . .
b, a compound, e - :
¢. an element. 9
15. How man;' states is matter found in?.
. ’ a, 1~ . ) ‘ )
b, 2 ; i
c. 3 L - -
. 16. When a neutral'body is charged by induction it will be °
a. negatively charged. )
b.  of opposite charge than the charged body. . : .
’ ¢. the same chazrge as the charging body. M -
m‘*}l. Which of the iollowiﬁg materials would NOT be attracted by a piece of amber?, *
a. Iron -4 s N
. b. Wood 3 . ’ °
c. Paper : . ’
g W . -
18. Approximately how many elements are known today? ’
- . n . . $
' a. .97 g - . . .- .
\ b, 102 ' )
. . c. 110 ) .
' ’ : . 0S. 98, 1-P17
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19. The electric charge on an electron is

. a. equal and opposite to a proton, ,
b. larger and opposite to a proton. P
¢. ,equal and opposite to a neutron. .

20. If a neutral body is touched by a positive electrically charged body for a short period
of time T .
a. electrons will flow from the positive body to the neutral one.
b. the positive body will reverse its polarity and become negative. <
c. the electrons will flow from the neutral body to the positive body.

2l. If an at%m has a nucleus with eight protons and six neutrons, how,many electrons .
will be in the outer shells? )

a

sa, 8 X ¢ )
b, 6 N
c. 2
- 3

22. Which statement is NQT correct?

a, Neutrons and protons have about the same mass ”

b. Neutrons have a heavier mass than electrons .
¢ c. Nedtrons and electrons have about the same mass + . L
23. Which of the known elements has the simplest atomic structure? ' ' ‘

" ‘ : a .

a. Hydrogen i / oo e

b, Carbon i ‘ ) . -

c. Coppex- . . . . N

24. Which of the following is NOT an element?£s.

a. Helium N : -
b, Silver ‘
¢. Water

25 One coulomb is defined as consisting of

Y )
.

a, 6.,0x 10188protons. . . -

b. 6.28 x 10! electrons, . )

.C. 6 million million protona. . . . y

K Kl > )
T = ' .o
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- LESSON ASS‘IGNMENT SHEET -

Ordnance Subcourse No98 . . . . « . . . Fundamentals of Electricity v

Lesson 2 « e + + + » s+ s o & o'« + « + . Electrokinetics

Credit Hours « « « ¢« ¢ & « o o o o - o .._‘I‘hree - &

.Lesson Objective . . . + « « « + « « ., After studying this lesson you will be able to:

: .1, State the three factors of an electric
v circuit and describe their effect on a
: A each other. , .
. “ .
) 2, Describe the phenomena of moving
» charges.

-

;Tex’c W e e e e s e e e s s e e e 4 e s . Attached Memorandum

n

Suggestions . . . + « ¢« ¢+’ 4+ + +« o » o + None
STUDY GUIDE AND ATTACHED MEMORANDEM' g

1. INTRODUCTION. ~ .
- ~
a. General. There are three fundamental factors present in every electric
circuit; current, voltage, and resistance. Thus, it is important that a.precise expla-
nation of each of these be given. .

b. Kinetic. The first lesson of this subcourse introduced you to the principles of

static charges. Now we will see what happens when those charges are made to move.
. A

2. CURRENT. -

s

' » : =
a. ‘Definition of an electric current, The term current means running or flowing,

and an electric current is a flow of electrons caused by negative charges tending to move
from points of lower potential to points of higher potential. When the current in a circuit
flows at the rate of one gcoulomb per second the resulting term is one ampere {1). Thus, an
-ampere is the'unit of intensity in the flow of an electric current. Current flow requires a
.closed path from a negative (-) termmal toa posxtxve (+) termmal

- b. Types of current. There are two types of current flow in general use and these
are the ones of interest to us,

.

" . {1) Direct current is a current that flows in- one d1rect10n only and mamtams
K the applied voltage at a constant level. o

b (2), Alternating current is a current thaéwreverses direction at regularly
recurring intervals (cycles) with a subsequent rising and falling of the
applied voltage.
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, ‘c. Evidence of eléctricscurrent. The flow of electrons (electric current)
makes itself evident to the averpage person in one of four ways, transmission of

power, production of -heat, magnetism. or chemical action.
Al - .
“ (1) Current flowing through a transmission line carries electrical

energy from distant powerplants to consumers 1nstantly, silently,
. - and efficiently, 1n any quantity desired. It 1s the most econyélcal
) method for transporting power ever devised, and without 1t we
. could not utilize the vast amounts of power produced at.our hydro-
/ electric dams. o

(2) Current always pf-oduces heat when 1t flows through a conductor,

The amount of heat produced ak pends on the material and size of

the conductor. and on the amount, of current flowing. For example,

electric 1irons and toasters must have heating etements that will

produce enough heat to be practical. The light produced by an

o electric bulb.is caused by the current flowing through the thread-

, like conductor called the filament. This filament must be heated
so ‘that 1t glows. However, the conducting wires that carry the
‘current to the filament must not become hot enough to gl?w.

' (3)' Current produces magnetism when it flows through a wrre. This

18 a ve.ry important effect, for 1t 1s the operational basis of miliions
of electrical units such as generators, motors, and electromagnets.’
Without this effect, there 1s no known way to generate electricity
cheaply or to convert it into mechanical energy for the purpose of
performing work. -

Current prqduces chemical action when 1t flows through a liquid.
Examples df this effect are the charging of a storage battery, the
electroplating process, and the separdtion of precious metals from
- their ores. Electric shock 1s the unpleasant and sometimes -
. dangerous sensation of a direct application of voltage,to the human
. . body. The effect of current flow ona the body cells 1s chemical. We
. often speak of voltage as the cause-of shock but the fact 1s that the
current really does the damage. The pain‘and violent muscular
s contractjon are due to the effect of current on the nerve centers
" and on the nerves themselves, for they are the best cohductors 1in  *
the body and also the parts most seriously injured. ;

d. Measurement of current. Current is measured with an ammeéter. Since
the construction of this instrument 1s beyond the scope of this lesson, only the method
of using the amimeter 1n a circuit will be- given (fig. 1) "

"(1) Figure 1A shows the proper way of connecting the ammeter. The
. instrument is put in series with the load, so that the positive tar-

P mmal of the ammeter is connected to the positive terminal’of the
battery 1f the connections were reversed, the meter would deflect
d3wnscale, and the 1nitial impact of the needle with the lower side’

. of the case might bend 1t considerably. . .

. . . - i
(2) Figure 1B shows the wgong way of using the ammeter., Notice that
. s N
with this circuit the ammeter 1s directly across the battery terma-
nals. 'I'he meter 18 of low resistance and not designed to withstand

- even mode rately high voltages, Consequeml.y connecting an ammeter
across the line will usually burn out the meter movement.
« @ -
=
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" area, the more cross sectivhal area a conducter hag, the easier current.can flow.
M [

S 12171 SIS

o

AunCTERS 3N°UL° nelkn 8¢ CONN{CT(O ACROSS TRE TWO winCS s
"= “aons
. . B
Figure 1. Correct and incorrect usage of an ammeter. -,

3. *RESISTANCE. .

S a. General, ‘Electric current is just like most peopli——therefore it always
tries to find the easiest way. This is thzbasis for a very imporitant rule, current .

will always take the path of least resista -

b. Reststwny. Resistivity is the tendency of a material to hold on to its
electrons. The more ‘free electrons the lower a materials »esistivity; the smaller
the number of free electrons the higher:the material resistivity,

<. Conductors. Conductors are those matérials (usually metals) that have
many free electrons and permit the easy passage of current.

d. Insulators. Insulators are those materials that have only a few free . :
electrons and thus oppose the flow of current. . .

e. Semtconductora. Semiconductors are materials that fit in neither the
conductor nor insulator classes. They are used today in transjstors which are dis-
cussed in a later lesson. . '

1 o

‘f_’. + Resistance. Resistance (R) is a material's total opposition to curr‘ent 4
flow because of its size, shape, length, temperature, and resistivity. Actually, the : B
effect of téemperature is on the property of resistivity; increasing the temperature
increases the resistivity and thus increases the resistance of the material {except K
for some spec¢ial cases such as carbon). Temperature pbually has fairly little effect
on the resistance of a material. The length and cross sectional area are another
mAtter however. R (resistance in ohms) p 1/A, where:

p = resistivity,

-

. 1 = length in centimeters. -

+ A =_cross sectjonal area in’square. centimetexs. .

From the formula you can see that the resistance is directly proportional‘to' the
matetial's length, thus the longer a conductor the more resistance encountered by .
cusirent. Resistancé on the other hand {s inversely proportipnal to cross sectional

g Common con‘dhctirimaterials. o . -
W~ -
(1) “The fact that copper is used as a conducting material to a greater
' extentthan any other material is accounted for not only b’y its high
conductivity and comparatively low cost, but also by the excellence
of its physical characteristics in general. It has high tensile strength
- (49,000 to 67, 000 pounds Per square inch for hard-drawn copper), -

relative freedom from atmospheric corrosion, and is easily soldered.
. X

e . ‘ 05.98, 2-P3
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C .{2) -Silver has the" hxghest conductxvity of all metals but, because of «

its high cost, is only’ u!sed when peak performanoe 18 Mmore 1mpor- * -

tant than cost. . Silver_ is used 1n measuring 1nstruments and low- -
- loss tranermsuomlmea v . 3. - e~

LY - = P

‘ . & © . (3) Alum;num is the’ prmczpal« compet:tor ofcopper in high- voltage
, / . _transmtsnon’hnes $t'has.a resistivity of 2. 828 microhms " .
y (1 ohm 'x310-6 ) per cubtc cennm'!ter at,ZO C.,‘as compared with
. 1.724]1 microhms far copper, makxng its~conductivity 61 percent of
‘ o v that of copper.- _The density-of alnminum 1s 2. 67, or_only 30 percent
4 of that of cooper.. Fbr example, ‘{f two'transmission lines,.one made
. . of copper and the othér made of aluminum, are to transmit the gsame
' ° . @ amount of power Wlth the -same loss in transmission, the alurninum
v . . line will waigh about half the copper line. The total.cost of theftwo
- 1nsta11attonu will"be the same only if the pr1ce of aluminum per
*  pound is twicé that of copper

. «
{4) Metallic alloys exhibit numerous interesting characteristics,
T . especially with respect to temperature coefficient and reststivity.
. Manga.mn, for example, which is an alloy of 84 percentécopper.
12 percent manganese, ard 4 percent nickel, has a very low tem-
perature coefficient (. 000006) which'makes 1t very useful in the ,

G

« @onstruction of measuring instruments and their accessories, .in
. which constancy of resistance, independent of the heating effects of
o~ current, is important. .
. . - N -
- . . S
. \ 4. VOLTAGE. W’ . 2
i T . a. General. If we are going to have a flow of electrons (electric current),
i we need some sort of force t eupply a pressure to move the electrons. This force’
is voltage, it i's often referred to as’e. m.{. (electromotive force) or potential; it 1s
N jmeasured in units called volts (E), . . L »
o ’ b.  Volts. One volt is defined as the amount of e.m.f{. necessary to force
. . one ampere of current through a conductor whose resistance is one ohm. Youwill
. AN study .this relationship in more detail when Oim's law is discussed in the next lesson

- . €. Measurement of voltage. Voltage is measured by cfnnectmg a voltmeter
in parallel with the circuit under test {fig. 2A). A voltmeter is ®sually of high resis- -
tance and is not designed to withstand any appreciable current, thus it should NEVER

_ be placed.in series with the circuit load (fig. 2B). In fact most voltmeéters have coils
designed for currents in the low milliampere (0.001 amp. ) range. Proper polartty
( must also be carefully observed to prevent meter damage, i.e., positive meter

terminal to positive voltage, and negative terminal to negative voltage

’ d. Sources of voltag_ There are several sources of voltage supply such

~ as: d.c. generators a.c. alternators, and batteries. Batteries are one of the mo st
X ‘ important sources of voltage for military equipment as they are .fairly light and °
portable. Batteries do not require some sort of me chanical power to develop elec-
trical energy as &y depend on chemical reaction.

5 . . .

e. Cells and batteries. At one time a cell was considgred to be a single
:umt, such as a voltaic cell, which furnished a source of electricity. Also, a battery
was defined as a combination of two or more cells connected together in order to
obtain higher voltages or longer operating life. However, this distinction between
the cell and battery is no longer valid. Instead, the terms cell and battery are .now
used interchangeably” ~ . ' - .

.
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\ - CORRECT A B ]
, .

i

VOLTMETER

‘.
¢
o
{
.

A
C

~ ; w7 - e
INCORRECT -B . “
‘Figure 2. Correct and incorrect usage of a voltmeter, : g
(1) Primary.cells. Kll cells or batteries are classified under two .
. general headings, prigary cells and seconddry cells. The voltaic __,
. cell déscribed below is a primary cell, a name given to any cell —,

. ? in which an electrode is consumed gradually during normal use, .. o
and cannot be restored to its origifal useful state by recharging ’
electncally _For example, in the voltaic cell, the zinc electrodsg’

B disintegrates gradually with use sﬁgc ions-are produced and . -
Y enter the solution of sulfuric acid wever,’ most primary ceJ.ls .
in general use a.re not of this type. Instead, the use of these wet
primary cells is confined to laboratory, expenmental and sp'e_cfa.l-
purpose work. Most primary cells are of the 3so-called dry type.
Common examples of dry cells are those used in ﬂashlxérts, .
. portable radios, etc. A dry cell can be used for a considerable
period of time but 1t must be discarded when one & its electrodes ‘ L.
is worn out or consumed It is not practical to rebuild-a dry cell . ‘
Dry’ cells a¥e used extensively in military communication equip: ) ¢
{w ment and furnish an e.m. {: for a va.r;ety of circuits. : N .

(2) Secondary cells. In a.secondary cell an elec\trpde is noet destroyed
3 . during ‘normal use. The secondary cell may ’ be renewed or-re- .
N charged electrically when it becomes run down. Common type; e —
: of secondary cells are the storage batteries used to suﬁply energy °
for electrical parts in automobiles. . . * ’

P
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f. Chemical explanation of cell opex:atig_g. When two electrodes are placed
in a solution in order to make a voltaic cell, a chemical action takes place The most
important result of this chemical action is that one of the electrodes 18 given a posi-
tive charge and the other electrode is given a negative charge. Thus, there 18 a - °
difference of potential, or e.m.f., between the two electrodes and a source of elec~
tricity is available. An understanding of how the chemical action produces an e.m.f.

requires some knowledge of chemistry. .

¢ " (1) Whenever an acid or salt is mixed with water to make a solution
n e or electrolyte, two actions occur. First, the acid or salt is dis-
solved in the water and, second, a chemical process called
lonization takes place. That is, some of the substance that has
dissolved in the water breaks up into tiny particles which carry
electrical charges. These particles are called ions. An ion 1s
defined as a particle of subatomic, atémic, or molecular dimen-*
sions that carries either a positive or negative electrical charge.
The 10n is positive if it has a deficiency of electrons and 1s nega-
tive if 1t has an excess of electrons. For example, when H,504
" {sulfuric acid) 18 dissolved in water, some of the particles break
down and form HY (hydrogen 10ns) {each of which has a single
positive charge) and 5047 (each of which has two negative charges).
-&igure 3A shows how some of these ions are distributed throughout .
the solution. The entite solution 1s electrically neutral, i.e., it
contains equal numbers of these positive and negative charges.

o

(2) Other electrolytes break down'as follows: . »
- (2) TuS04 (copper sulfate). Upon ionization this becomes:

Cu++(c0ppe r ion) and

N/
804'°(sulfate 10n).
v ' {b,) NH,C! (ammonium chloride}. Upon ionization, this
- = 4 P
- becomes: .
NH4+ (ammonium ioﬁ) and ’ N \
Cl- ((chloride ion). e v

(3). It ha becn shown that 1onization occurs when sulfuric acid 1s
placed in water. but that the soltution has no external electrical
effect' because it contains equal numbers of positive and negative
charges; i.e., the sulfuric acid solution does not produce elec-
tricity.

(4) When a dilute sulfuric acid solution is placed in a glass container

. and a zinc electrode is immersed in the solution (fig. 3B) some
of the zinc d.xasolves and produces positively charged.zinc ions,
. . each zinc ion so produced leaves two electrons on the zinc electrode.
The zinc ions are designated as Zn +, indicating two positive charges,

1 while the electrons on the electrode are designated asynegative
charges (=), The excess positive ions in the solutjon gause the
solution to become positively changed The excess electrons on
the zinc electrode, on the other hand, cause the electrode.to become
negatively charged. A difference of potential then exists between
the zinc elec@(‘ode and the solut:on of sylfuric acid. Also, the B
posxtxve'zmc‘fd%ds are attsi-acted by the éegative zinc electrode, and
they accumuLare‘ around 1t. -

¢
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(5) When a copper electrode is immersed in the solution (fig, 3C) some
of the positive H (hydrogen 10ns) leave thé solution and go to the
copper electrode. Each of these hydrogen ions, that reaches the
copper electrode combines with 4n electron in a copper atom to
form hydrogen gas. The loss of etectrons from the coppér causes
the copper electrode to become positively charged with respect to
the solution. The hydrogen gas 18 designated as H® and the positive
‘charges on the copper are designated by plus signs (+),

(6) Because the zinc electrode is negative with respect to the solution,
and the copper electrode is positive with respect to the solution,
it follow's that the zinc electrode is negative with reapect to the
copper electrode. Actually, the potential difference between the
electrodes is approxxmately 1.08+volts d.c, for this particular
type of cell. ) .

- (7) If these two electrodes are connected.\by’akorolductor, electrons will
¢ , « flow through the conductor, from the negative zinc electrode to the
. positive copper electrode. When the electrons leave the zinc
electrode more zinc turns into zinc ions, thus replenishing the
electrons on the zinc electrode. The newly formed positive zinc
10n8 also repel the positively charged hydrogen ions and cause some
g of them to be deposited on the copper electrode. Here they com-
bine with the electrons arriving from the zinc electrode through
the conductor- and turn into hydrogen gas. In this manner the charge
on each electrode 18 kept almost constant and their potential dif-

ference Jx-emaxna practically the same.
GLASS CONTAINER
M SULPHURIC ACIO

SOLUTION i .
LY

A

ZINC ELECTROOE

LEGEND:
He e HYOROGEN ION
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Figure 3, Chemical action of the voltaic cell.
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(8) When the zinc ions enter the solution theyattract and combine with
the sulfaté ions to form zinc sulfate which'remains dissolved in the
solution. If the electrodes remain cShnected by a conductor, cur-

- rent will flow in the conductor until all the zinc turns into ions
~ (dissolves in the solution of sulfuric acid) at which-time current
" flow will cease. ®

{9) It is not expected that a studént will long remember the details of

N .the chemical attidn in the voltaic cell.’ However, it is expected

g that a stulent will remember that chemical reactions can be used
to furnish a source of electricity or e.m« f.

.
T M 1

5. MAGNETISM. . - . .

T a, General, The anclient Gréeks knew that certain stqnés, foupd in the

.town of Magnesia in.Asia Minor, had the property of attractipg bitg of iron.  Quite
appropriately, they called these stones magnetite. Legend tells of a shepherrd who
thrust his iron staff into a hole containing magnetite and found to.his dismay that he
was ‘unable to remove it. Another story dating back 2300 years 'relgtes how Ptolemy
Philadelphos had the entire dome of a temple at Alexandria made of ma_g’net'tte in
order thag‘he might suspend a statue in mid-air. The experiment was a failure. To-
day, it is known that gnetite is an iron oxe poasessmg,magnetic qua'li_tiea. In other
words, magnetite is an unrefined productyature and is a natural magnet. °

(1) The two fundamental—and invisible—forces' which are résponsible

" Lo for the wonders of electronics are electric force and magnetic
” ‘- force. These are the forces whith make possible thg operation of
- . _ ebectric motors, generators, lights, doorbells, measuring instru-
ments, apd other elecﬁtri‘cal' apparatus; they are, the forces which. -
4 comprise thoseinvisible electrémagnetic waves which travel through -

space at the. speed of ligf}b to give us radio,’ television,, radar, and
the ‘other electronic comrmunication systems.

This section of the lesson presents many of the effects associated
Avith magnetic force. It is magnetic force that attracts ‘small bits
. of iron and steel to the end of the ordinary horseshoe magnet. It -

is magnetic force which swings a cornpass needle’toward the north.
. Although most of the devices which utilize magnetic force can be ~
classified as "modern, " the more fundamental aspects of magnet:ic
- . force—those dealing with magnetism—are as ancient as History

itself. ’ . :

B ~

‘ - (2)

be Mégnetic éomgaas. The orientals learned that if a pjece of magnetite
were mounted or suspended in a horizontal plane and allowed to rotate, it would turn
‘so that one particular nd always pointed toward the north. The Eyropeans later
learned of this discovery and used'it as a'magnetic compass to aid In navigation. @ °
Because of this property', the piece of magnetite came to be known as a leadihg stone
“or lodestone. ‘

<. Artificial magnets, Although pieces of magnetite are natural magnets
when taken from the earth, they now have anly historic value. Better magnets are
made in a wide variety of sizes and shapes and are used extensively 1n electrical
apparatus.wThe bar magnet, horseshoe 'magn'et, and ‘compass needle are common
types of artificial magnets. '

< .
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(1) It has been found that pxeces of iron and steel become magnetized '
Y when they are brought in contact thfx or close to, a strong magnet.

This process 18 called inducing magnetism. Magnets (either small:’
or large) made from&gi_ iron are called temporary magnets. Any
magnet which loses its magnetxsm rapxﬁly is called a temporary
magnet. . ;

(2) Any magnet which retaing,its magnetism over a long period of time
is called a permanent maghet. The amount of magnetism retained
by a material after the magnetizing force has been removed 18

called residual magnetism. Stecel magnets usually are permanent

. magnets. ) -
¢ . .

{3) Andther method of making an artificial magnet by induction is by
stroking an iron or Steel bar with a strong magnet. When this -
method is used, it is important that all strokes be made in the
same direction. ’

“

{4) The best method of making artificial maghets is by ele‘ctncal means
and 18 explained later. *

d. Magnetic and nonmagnetic sul;stances.' The invisible magnetic force
which exists in the space surrounding a magnet ig capable of attracting pieces of iron

and steel. For this reason, iron and steel are called magnetic substances, '
1y

(1) There are other magnetic substances which a're attracted by a mag-~
net but not so strongly as iron and steel. The ‘more’ common of these.
substantes are cobalt, nickel, and manganese. However, it 18"
interestirig to note that some of the hest permanent mdgnets are
made from alloys of these eubltance?.”-,'l‘he ability of a matenal to
retain its magnetism is called retentivity. Since, steel retains its’
magnetxem longer than soft iron, steel has greater retentivity than
soft iron. It follows that a material with good rétentivity will have,

a large amount of residual magnetism and will make a §ood perma-
nent magnet. .

(2) Most other eubstances are not attracted by a magnet and are said
to be nonmagnetic. Examples of thep\e nonmagnétic substances -
are air, wood, paper, glass, copper,taluminum, lead, tin, and

silver. . e ae’

(3) Magnetic force acts through any nonmagnetic eubeta_e, as can be

demonstrated by moving a permanent magnet beneath a piece of N

paper or gliss on which is sprmkled iron flhnge. As the magnet
»  moves, movement of the, ﬂhnge can be observed. : Y
k4

(4) Magnetic force is mutual to both a magnet and a magnetic eubeiahce.
For example, a magnet can be attracted to a firmly held piece of -
iron or steel just as strongly as the iron or steel is’ attracted to .

. the rhagnet. N . .

&. Magnetic goles. When iron‘filings are sprinkled ovex the entiy area’”
of a magnet, it can be noticed that those filings which fall near the ends of the mag-
net will be attracted.to form bunches of tufts; scarcely any‘ﬁlinge which fall near the '
center of the magnet will be so attracted. Thus, .it can be seen that the bir magnet .
has two distinct regions, or Eoles, each pole indicating the area or regionewhere the
magnetic force 18 greatest. The same is true of 2 horseshoe magnet which is;.in Y
“effect, a bar magnet bent so that the pales are closer together.

¢ . .
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{1). When'a bar magnet is suspended so that it is free’ to swing in a
N horizontal plane, it is found that the magnet will swing around and
~ then come to rest with one end-of the magne{ pointing nearly due
. north. Also, it can be found that regardless of the number of times
this experiment is repeated, the same end of the magnet always
comes to rest pointing north. Thus, ft can be seen that there is
a difference in the direction of the magnetic forces which act at
e the two poles of the magnet. Long-ago, when this fact was first -
established, it was de®tded arbitrarily to call the north-seeking
pole of the magnet the north pole. Likewise, the south-seeking
pole of the magnet was called the. south pole. These designations
for the poles of a magnet are still used. . In fact, permanent mag-
nets frequently are marked "N" at the north pole and "S" at the
south pole. .

(2) When a bar magnet is broken into two parts, and the pieces brought

e into contact with iron filings, it.will be found that the filings will
e bunch at both ends on each of the pieces, thus proving that each

piece has two poles. It-can also be found that one of the poles 1s
a north pole and the other is a south pole. The piece which con- .
tains the north end of the original magnet will have a south pole at
the break; and the piece containing the soush pole of the original
magnet will have a north pole at the break. .Regardless of the
number of times a magnet is broken, each piece will have its own
north and south pole.

f. 'Barth as a magnet. The fact that a suspended magnet, anywhere upon
the surface of the earth, always points toward the north indicates that the earth it-
self is a huge natural magnet{fig. 4). Note'that the poles of the magnet are far be-
low the surface of the earth, and that the magnet is somewhat inclined from the north
and south geographic poles. Since the pole of any compass points to the north, that
magnetic pole of the earth which ig near the north geographic pole must be of south
magnetic polarity, and the magnetic pole near the south geographic pole must have
north polarity. The north geographic pole is referred to as true north, and the south
geograp‘hxc pole as true south. The deviation from the true north, which at some

- places is very large, is called the magnetic declination of the station. Remember

that magnetic north is merely the direction in whxch the north end of a compass needle

“points.

-

. & /Molecu}ar theory of magnttism, A common and one of the simple
theories of magnetism is that a piece of iron or steel consists of millions of tiny
elementary ets, These tiny magnets which are so small that they cannot be
seen with 2 microdgope, may consist of atoms or molecules 8o alined as to form "o
iron or steel ¢rystals. Before a piece of iron or steel has been magnetized, these
tiny magnets may be thought of as being jumbled at random with no de finite order
(fig. 5A). If the porthpole of an inducing magnet is drain over the bar, 1t attracts
the s'outh poles of the tiny magnets and turns them so that they will aline themselves
in a given direction (fig. 5B). This definite alinement of molecular magnets'will
give the ba.r a north pole at one end and a sou!th pole-at the other end.

w»h. Attraction and repulsion offmagnetic poles. If a bar magnet is suspended
8o that it is fres to swing about in a horizdntal plane, the  magnet normally comes to
rest with its north pole pointing toward north. However, "if the north pole of a second
magnet is brought toward the north pole of the suspended magnet the latter magnet

will be pushed away. «The same results will be obtained if the south pole of the second )

magnet is brought toward the south pole of the suspended nagnet. Thus, it can be
seen that the magnetic forces existing in the space surrounding like magnetic potes
cause mutual repulsion of the poles.
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+SOUTH MAGNETIC POLARITY

SOUTH GEOGRAPHIC POLE

MAGNETIC SOUTH HAS
NORTH MAGNETIC POLARITY

Figure 4. Earth as a magnet,
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Figure 5; Alinement of molecules.
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(1) Another demonstration of\nus,pdsion of like magnetic poles is
. shown by the Tollowing experiment.. Two strong permanent mag-
nets are placed on a tab.le top in-a parallel position, so that the
{ north pole of one magnet is directly opposite the north pole of the
other magnet, The south poles of the magnets are also opposite
' each other. As one bar magnet is pughed steadily toward the second
fmagnet, invisible magnetic force pushes, or repels, the second
magnet, Thus, both magnets move across the table top.

e

{2) I a bar magn.et is again suspended so that it is free to swing about
in a horizontal plane, it will be observed Wat when the north pole
of a second magnet is brought toward the south pole of the suspended
magnet, the two poles will-be pulled together and will cling to each
other until they are separated by manual force . If the south pole
of the setond magnet is brought close to the north polke of the sus-
pended magnet, it will be observed that these two poles will atso
be pulled together, and manual force is required to separate the
poles. Thus, it’can be seen that the magnetic forces about the un-
like poles of two magnets will cause the two magnets to be attracted.

(3) The above facts are,used as 2 basis for the fundamental law of
magnetic forces which is: LIKE MAGNETIC POLES REPEL EACH
OTHER; UNLIKE MAGNETIC POLES ATTRACT EACH OTHER, Or,
THE FORCE BETWEEN TWO LIKE POLES IS ONE OF MUTUAL
REPULSION; THE FORCE BETWEEN.TWO UNLIKE POLES IS ONE
’ OF MUTUAL ATTRACTION, .ot

i. Factors affecting magnetic forcé. The amount of magnetic force existing
in the space surrounding a magnet can be estimated roughly by.measuring its lifting
power. However, there are various conditions, other than the magnet itself; which
will cause the lifting power to vary. Some of these conditions are; the kin;l/'of mag-
netic material to be lifted, the shape of the material to be lifted, the manner in which
the materiai is applied to the magnet, and the shape of the magnet. A more accurate
method for measuring the strength of a magnet, and the method most commonly used,
is by measuring the force of attraction or repulsion that the magnet has on another
magnet of known strength, That is, the effects that magnets have upon one another
s the measure of their strength, ’ ‘

(1) The force of attraction or repulsion between them, When the poles
. .are separated by a considerable distance, no visible effects are
apparent. It is only after the like poles are-brought close to each
-other that the suspen~ded pole is repelled! Likewise, it is only after
the two unlike poles aré brought close together that the suspended
pole is attracted. Thus, it can be s€en that the magnetic force of
attraction or repulsion between two magnetic ﬁoles increases very
. rapidly as the distance between the two poles is decreased. With
suitable measuring equipment, it can be shown that this force var:es
inversely with the distance squared. Thigfexpression simply means
that if the distance between the two poles is halved, the force be-
comes four times as great; if the distance is reduced to one-third, -
the force becomes nine times as great; 1f the distanée 1s reduced
to one-fourth, the force becomes sixteen times a’s great; 1if the
distance is.reduced to one-fifth, the force becomes twenty-five
. ° . times as great, and so on., This expression holds true whenever
the two magnetic poles are separated in a vacuum,.

(2) The force of attraction and repulsion between two magnets\also
varies with the amount of force that the individual poles of the
magnets are capable of exerting. In other words, the force of
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attraction and repulsion-varies with the strength of the poles. The
strength of a pole, in turn, varies with its size, the material from
which it 18 made. and ite degree of magnetization.

J- Magnetic field. . It has been shown previously that a-magnetic force
ex18t8 1n the space aurrounc!ing'a magnet and that this force 18 capable of acting on
other magnets or magnetic substances. The space which surrounds a magtet 13
called the external magnetic field. (The complete field congists of the external field
plus the field through the substance of the magnet.) Thus, a magnetic field may be |
defined as a region wherein magnetic forces act.

(1) Certain facts concerning the nature of the magnetic field about a
magnet can be obtained by exploring such a field with an ordinary
compass. (The needle of any compass 1s a small permarnent
magnet.)

. .

(a) When a corr;pass 15 placed near the south polé of a bar magnet,
the compass needle will swing about and come to rest with the
north pole of the needle as clése as possible to the south pole
of the bar magnet, In this position, the south pole of the
compass needle is as far away as possible from the south pole
of the bar magnet (fig. 6A). This action is easily explained
by the first law of m’agnetic {orcesgwhich states that like mag-
netic poles repel each other.and urilike magnetic poles attract
each other.

(b) "When the compass is placed at the other, or ndrth pole, end of

- ,the bar magnet, the needle swings and then comes to st with
the south pole of the needle as close as possible to the dorth
pole of the bar magnet (fig. 6B). '

(c) When the cdx:npass ts»placed near the center of the bar magnet,
the force existing in the magnetic field causes the needle to
come to rest 1n the position shown in figure C,

(d) In f\xgure 6D, a number of compasses have been placed at
: variod® positions in the magnetic field of a bar magnet. Note
that the compass will point in different directions as its posi-
-tion 1n the magnetic field 1s ghanged..

(e) Thus, by exploring the magne&ic field about a bar magnet, it is
found that one important characteristic of a magnetic field is
¢ that.at has direction which varies from point to point.

(f) Another impo.rtant characteristic of the magnetic field about a,
l?ar magnet 1s that the intensity of the field decreases ve ry
rapidly with distance from the poles. . For example, when the
exploring compass isplaced a few feet away from the bar mag-
net, the compass needle 1s not visually affected by the presence
of the magnetic field. Ontly when the campass 1s brought to
within a certain distance of the bar magnetiwill the magnetic
forces 1n the field be Sufficiently strong to cause the compass

needle to swing, i

(g)- From the above experiments vgl‘h an exploring compass, 1t is
found that the magnetic field about a par magnet 18 characterized
by a force whick} varies in diregtion and intensity from point to

* point in the field. i
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Figure 6. Effects of magngtic fi€ld on compass needle’
{2) A representation of the magnetic field ab:)ut a bar magnet can be
obtained by means of an experiment using iron filings.

(a) This experiment can be performed by placing a piece of paper
over a table top and sprinkling some iron filings-over a large
area of the paper (fig. 7TA). » .

(b} A bar magnet is then ciropped into the center of the area con-

- Jtaining the filings {fig. 7B). As the magnet reaches the table,
1t will be noted that many of the filings near the poles of thé
magnet are attracted to the magnet, and slight movement of

— most of the otheY f1lmgs takes place. In short, the filings
. rearrange themselves because of the magnetic field about the
" magnet. .

{(c) If the table is gently tapped, the'filings completely rearrange
themselves and the pattern about the magnet then appears
similar to that shown in figure 7C. Regardless of the number
of times that this experiment 1s repeated, the ilings wall always
arrange themselves in approximately the sameipattern as that
shown,
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Figure 7. Pattern formed by iron filings 'a_bout a bar ma
field about this magnet.
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(d) The explanation of why this pattern always forms is quite
simple. Pieces of iron or steel become magnetized by induc-
- tion when they are brought in.contact with, or close 4o, a_mag-
net. Thus, each of the tiny iron filings about the bar magnet
P becomes a small magnet with a north and south pole of its own.
Each of these filings (or magnets) is affected by the direction
N and intensity of the magnetic field about the bar magnet, ‘and
: alines itself in the same manner as a_compass needle, in re-
sponse to the magnetic-field.

@ (3) Observe that the force of the magnetic field is ‘greatest near
s , the poles; many of-the filings are attracted and adhere to the o
=~ magnet showing distinct alinement. As the distance from the N

polea increases, the field becomes less intense, and the acnon
df the force on the iron filings is less apparent. At the'sdge',°
of the pattern, as_shown in figure 7C, the effect on the filings:®
is hardly‘discernible. ‘

. {£) This iron filings experiment has long been used to represent .
the nature of the magnétic field about a4 magnet, and it'gives
. . a conception of the direction and intensity of the magnetic )

R forces which act in the field. However, it should be remem-~ v
bered that the pattern formed in this experiment is not the
magnetic field-itself, the magnetic field is invisible, but only

. . a representation of the manner in which the magnetic forces
o of the .ield act on magnetic substances within the field. > o
: k. Lines of force. Frequently, itis desired to represent by a drawmg P

the direction and intensity of the magnetic field about a magnet. This can be done -

. by drawing a picture of the pattern obtained when iron filings are placed about the .

magnet and, in the case of a bar, magnet, such a drawing would be similalr to that .
shown in fzgure.?C. However, this method is difficult and time-consuming. A

simpler and more commonly used method is that of arbitrarily representing the forces

in a magnetic field by drawing a few lines called lines of force. . ‘

«

(1) Figure 7E shows lines of force as they are usually drawn to repre-
. : sent the magnetic field about a tar magnet. By studying these lines »
of force; it can be seen that thelir overall pattern is similar to the
. . overall pattern formed by the iron filings about the magnet.

- (2) Note that arrowheads havé been placed on each of the lines of force

’ shown in figure 7E. "Also note that the direction of each arrowhead |
is away from the north pole and toward the south pole of the magnet.
In other words, the arrowheads indicate that lines of force leavelthe
magnet at the north pole and enter the ‘'magnet at the south pole.
Within the magnet, the direction of the force is assumed to be from
the south pole to the ngrth pole, so that a continuous loop is formed
by each ln\e of force. The direction of these lines was defined
arbitrarily long ago as the direction in which the north pole of a
compass needle will point if placed at any point along a line of force.

ra

(3) Actually, the magnetic field completely fills the space about a"mag-
net and does not exist only in a single plage, such as along a table
top. This field can be shown to extend out to great distances and,
theoretically at least, throughout all space, with the intensity of the
field decreasing very rapidly as the distance is in Sreased. Figure
8 shows how the field of force extends in all dxrec&bns about the bar
magnet. The end views, show the line of force lea

ng the north pole
and entering the south pole. .
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FIELD OF FORCE @, PIELD OF FORCE ABOUT A BAR FIELD OF FORGE i
ABOUT NORTH POLE MAGNET ABOUT SOUTH POLE 5

LINES LEAVE POLE
IN ALL DIRECTIONS

LINES OF FORCE SHOWN IN ONE
PLANE ONLY ACTUALLY, LINES
EXTEND IN ALL DIRECTIONS AS
HOWN IN END VIEWS AND, THEORETI
ALLY, THROUGHOUT ALL SPACE

LINES ENTER POLE
FROM ALL DIRECTIONS

Figure 8. Field of force about a bar pragnet.

(4) Lines of force are also used as an indication of the strength or

-
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intensity of the magnetic field. We said that magnetic force (field
strength) varies inversely with the sqware of the distance. This
law is pot strictly true in pra,ctice since it is based on the assump-
tion that the lines of force fromta pole face emanate from'a point

someWwhere within thg magnet. Actually, the lines of force dé not

converge to a single point’witMin the magnet. Figure 9 shows a
magnet face of.l square centimeter area. It is obvious that there
afe-more lines of force passing through the square centimeter
area ABCD than pass through the same size area EFGH which

is located the same distance from the pole face.. This means that
the field intensity is greater in area ABCD than in EFGH as indi-

» vated by the gredter number of lines passing through ABCD. The

farther away from'the pole one goes, the less the field intensity
will be.’ When the lines emanate from a point, the number of lines

through a given area wilt vary inversely with the square of'the

distance that the area is from the point—not from the pole face.
With a long magnet thg field intensity will be nearly as shown in
figure 9, and the law-~the inverse as the'square of the distance,
will be almost true. But if the magnet'ig short and thick, the field
will be more“uniform for quite a distance from the pole and the
distance-squaré,law will be less Za(’:curate. .o

1. Characteristics of magnetic fields. Thus far, only the pattern of the

magnetic field associated with a single bar magnet has been considered: Actually,
this pattern of the magnetic field is only one of an.uplimited number of possible
patterns that can be produced by using one or more magnets.

(1) If the area surrounding the north pole of one bar magnet and the
south pole of a second bar magnet is sprinkled with iron filings, the

pattern in figure 10A will be obtained. Note the similarity between
this pattern and the pattern of filings about a single’ bar magnet.

«Figure ]0B shows the distortion of this ragnetic field which occurs

when a third magnetic pole is brought into the region. Note that
the intensity of the magnetic fieldis greatest near the poles of the
magnets and that in the smalkarea midway between the two like .

~
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poles the filings appear to lie as if unmagnetized. This'is actually
the case, because midway between the two like poleal the magnetic
force produced by one pole is equal to, and in opposition with, the
magnetic force progucéd by the other pole. ,
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Figure 9. Endofa magnet showing how field intensity varies with distance 'frorri\;Sole.
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{2) Figure 11A further 1llustyat s the manner in which magnetic forces
act to produce a magneti? field. In this case, the magnetic field
contains forces of repulsion. Ajgain note that the magnetic force
18 strongest near the poles and decreases very rapidly as the dis-
tance from the poles is increased, while at a point midway between
these like poles there is a magnetic field of zero intensity, *

Figure 11B shows the distortion.of the field which occurs when a ,
third pole 18 broug}\t into the'region. Again, it can be observed
how the magnetic field is more intense between unlike poles and
less intense between, like poles. Close scrutiny of the figure watl
reveal Another small area where the magnetic forces act in ‘opposi-
tion to produce a resultant force® of low or zero intensity,

A

A, Iron filings\pattern about lgke magnetic poles,
°B. Distortion cadyed by inserffion of a third magnetic pole.

Figusre 11, Lines of force.

. 9, .

» (4) Figure 12 shows the lines of force associated with.-a horseshoe
magnet. The pattern formed by these liges of force is different
from the physical position of the poles withfrespect to the magnet
and to each other: Although these lines of ¥orce have a diffe rlent ..
pattern, or configuration, the characteristics of the magneticlfield
-remain the same; i.e., the magnetic field strength at a point to

point in the field. . «

o

.
Al
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w- ‘ ‘Figure 1'2, Lines of force associated with a'horseshoe maglnet.
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m. Electromagnets. If a piece of magnetic material, usually soft iron, 1s
placed within a coil through which current is flowing the magnetic properties of the
coil are tremendously increased. The reason for this increase in magnetic strength -
is because, soft Yron is more permeable than air,.and therefore provides a better path
for the lines of force (flux) than air, The inside of any coil is co?sidgred as the cgre
whether it be air or of sonte magnetic material. If a coil is wound on a core of mag-
netic material, it is catled an electromagnet (fig. 13). The coil may be wound )
with one or more layers of wire from one end to the other and back, providing, of
course, that the current flows around the core continuousty in the same direction.
Any magnetic material, may be used as the core for an electromagnet. However,
soft iron or soft steel generally is used because the retentivity of those materials
is so low that they have thé charactgristic of retaining very little residual magnetism
when the curreng stops.flowing. This is a very important feature 1n electrical equip-
ment such as rélays. On the other hand, a piece of hard steel when inderted into a

coil in which current is flowing becomes a_permanent magnet. That is, due to 1ts

- retentivity, it will retain a large amount of residual magnetism when the current

ceases to flow. Eléctromagnets are widely used in electrical equipment, inctuding
relays, motors, generators, radios, and transformers. The U-type electromagnets
(fig. 13B) are used in telephone receivers, coin operated machines, and many other
similar applications. _— . . Lot -
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BAR ELECTROMAGNET

U-TYPE ELECTROMAGNET

8
Figure 13, Ty*s of elecEromagnets.
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EXERCISE
. < ) .
26. If a compass were placed in the center of a bar magnet in what position would the .
}\"‘ - needle rest? )

c) N[s —»x] 3 ¢ : ,
Q . .
27. What is the symbol for voltage? . .
. a. E,
B b, I
c. P ' ) :

. .
28. What happens to the resistance of a conductor if its cross section in square centimeters
is doubled?

a. Incréases twice
b. Reduces by half
c: No effect # .

29. What causes current to flow? .

a. Low resistance of a material
b. A path for current - -
c. Presence of an e.m.f. mn a circuit

30; The direction of magnetic lines of force is generally considered to be C
a. from the gouth pol€ to the north pole. "

° b. perpendicular with a line between poles.
¢.- from the north pole to the south pole.

2
.

31. When the coil of a d.c. electromagnet is wound with more than one layer of wire, 1t 1s
necessary for the current in all layers to flow . .
. .- ‘
a. rounterclockwise from positive to negative.
b. . in opposite directions.
c. in the same direction.

e
e

32. What are the units of measurement for current?
; ) o 5
a. Amperes . '
” b. Volts

-

" c. Ohms




B
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33.[ & magnet that has great retentivity is uasually a ‘ .
b, 3 R . N N .
. a\_ electromagnet. * « . L o . C .
b. pETMranent magnet. EREER : iy A T
€. temporary magnet. ) "“,; . —\%
- X
34. Which is the correct way to connect a voltmeter to ‘measure the logd voltage?” i
- ’
P =
a. — .
—_';F- i » .
¢
‘ 35. The northfend of a compass needle points toward magnetic north because ’
a. the north pole is the most m:agnetic. & B .
b. unlike poles. repel each other. . -
¢. magnetic north has south magnetic polarity,
36. The Baftery used in a common flashlight is ’,.’f»:g'\ .
. - 9
"a. dry cell, e ) . . ’
- b. secondary cell, - : )
~ c. storage battery. . !
37. What is resistance? : . o~
a. A material's total opposition to current flow . . g@’i?
b." A property arising only from the finding energy of atoms - I
c. A flow of charge through a given path N N
38. What is the unit of measure used for electromotive force?
. a. Ampere .
g 'b.  Volt o ) Al
c. sWatt ’ ‘
’ 39. A relay electromagnet usnaﬂy has a core made of )
I3 P ~ -
o a: co .
: Pper. , -
. b. softiron, , '
V- C. steel, . : ] *
40. Copper probably is the most common electrical conductor used today.. Whigh of the
following is NOT a reason for its wide use? . ) {
. ’ I
a. Tensile strength :
- b. Low cost - "
. c¢. Light weight : ,
.. ﬁ ! ’ . . B ) “
a . . ‘
' : ) OS 98, 2-P23
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- 41. What is necessary to make a material a good ¢onductor?

»o- ' .

/ . a. Many free electrons ° Co : 4
. b, Many electrons '
x
- ¢.. Few free electrons . @
42. Which would NOT be used to define an ion? '
‘ . a. Atomic dimensions - -
} b. Neutral electric charge } . ,
c¢. Positive electric charge . ” .
" 43. What metal has the highest conductivity?
- .
’ a. -Aluminum .o ,
- ot .
b. Copper ° . M ) .
“c. Silver
\
44. Which characteristic of current is the basis for generatlon of electricity by a c4r
. generator"
— a, Chethical .action . :
b. Magnetism .
¢. Production of heat
L s
45, Current will flow through the oz )
. ) s
—— —— . e e e e e RS — - - - e e -~ . e > 5 - -
o a. path of least resistance. o, ‘
b, path of maximum resistance. o .
, v c. shortest available path. ’ .
e ' - ) ' . -~ ’ ! ‘
) "46. A primary cell is one that . L :
‘ ‘ \
a. can be recharged. '
b. cannot be recharged.
€. uses a liquid electrolyte.
47. What underlies the operation of all batteries?
. a. Interaction of electrodes and a "solution of an electrolyte
. * b, The potential difference between two points in a conddétor
s ¢. The resistivity of dertain conductors . _ ,
. X 8
« 48. A magnetite maghnet is . - -
‘ . a. - an artificizgl magnet. b B .
. o . b. a bar magnet. . . P ) .
) ¢,» 'a natural magnet. - ‘
. 'J s A N C
s . ‘{‘49. What happens ifa la‘n%e stee&, bar magnet is broken in half? '
? - \ .
. a. One piece becomes a porth pole and one becomes a south pole
* b.  One piece femains a magnet and: the other loses its magnetism  ° :
‘¢» Both pieces become small ‘bar magnets »
i
k . - cr U * '
- {;,‘;
e . -
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" 50. Magnets made from soft iron are ¢talled ve
<
. <
° b3
a., temporary magnets. . ¢
b. permanent magnets.
— - - --cv— natural-magnets. M.
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Lesson 3. . . e e . + + + + .+« . Ohm's Law and Direct Current Tircuits

Credit Hours . . . P Three
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Lesson Objective . . ., . . . . . . . . . After studying this lesson you will be able to:

1. Describe Ohm's law and its u;e fo
analyze a d.c. circuit.

Describe the difference between a series®
and a parallel circuit,

Text. . . . . ... ... .% ..+ .. Attached Memorandum

s

Materials Required . ,y. . . . . . . . . None -

Suggestions . . . .. .. .. .. .. . None

STUDY GUIDE.AND ATTACHED MEMORANDUM

INTRODUGTION.

* a. The first two lessons of this subcourse made several ‘referefices to the fac
that the use of electr1c1ty is a means to an end; electricity is a very useful tool in perfori-

ing many difficult tasks.

b. Now we are about to take a long stride in the direction of understanding ‘elec-
trical apparatus, for this lesson will make use of the fundamentals studied earlier, as we
* delve into the laws of darect currentcircuits.

PN
1

<. T}us lesson will introduce you to the laws and equanons which can be used to
analyze d. c. cn-cuxts .
4 -~

2. CIRCUJT COMPONENTS. .

a. It isn't hard to see that if electrons are to move between pomts of different
potentxals some sort of a path must be provided. The best path commonly found is a length .
of some material which is a good conductor. An electrical circuit consists of a closed path
through which current could flow if a potential difference were supplied.

b. Electrical circuits are diagramed schematically- by means of standard symbols,
somelof which are. gwen below. Others will be introduced in subsequent lessons.

N - .
~
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(1) Sodrces of potential (ané current). ' .

(a) Batteries:

SR )

One Cell Multi-cell "

.,
e

.The longer of the two vertical lines in a battery symbol
indicates the positive terminal.

(b) Generators: : ]

(2) Resistors:
5

©

The Greek letter .a. (omega) represents ohms s
{3) Capacitors: - - S

N . ’r ) ("\ i
S e e
(4) Inductors: % - ' ‘ .. ¢ -
{5) Switches: . )
. open —__g Ng.._ closed ___o o )

c. There are three fundamental quantiaties of immediSte interest irff any

d.c. circuit: the applied potential (E), the current flowm'g in the circuit (I), and _3?

the resistance of the circuit {(R). A fourth important parameter arises from these

three; i. e., the power dissipated in the circuit (P).

«

.

3., CIRCUIT FUNDAMENTALS. ™

s a. The parameters of d.c. circuits are as obedient to the law of
conservation of energy as are all other natural phenomena. The formulation of this
law as it applies to d.c. circuits was perfdrmed by Ohm, hence, the relationShip =&
E = IR beaxrs his name. Verbally stated, Ohm's law is: in any direct current circuit
the current is directly proportional to the amount of vo*tage, and inversely propor -
tional to the amount of resistance. If any two.of the quantities E, I, and R pertaining v
to a given circuit are known; the third can be found by simple algebraic rearrange-
ment of the fundamental equation. Thus:

(1) E=1IR, or volta% equals current timeS¥*resistance.

{(2) 1=E/R, or C)(@ equals voitdge divided by resistance.

e

(3) R = E/I, or resistance equals voltage divided by current.

. 5§ 0s 98, 3-P2 * «
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~ ' . L] .
b. A resistance circuit does not require time to respond to a change in
"voltage or current, but responds immediately and without distortion. Consequently’,
. a resistive circuit is said to have an ideal transient response. This will be an .
important point in the development of future lessons.

c.. Direct current circuits may be arrénged in any of several ways. They
may be either series ci_rc_uit‘g_._ﬂp;a:rallel circuits, or a combination of both. Such
combinations are usually called series-parallel circuits. The nomenclature of the
circuit is based upon the type of path offered to the currernt by the circuit.

L]

4. CIRCUIT ANALYSIS.

a. A series circuit offers only one path for current flow; i;e., all the
current flowing in the eircuit passes through every item in the circuit successively
as it moves from negative to positive potential. The schernatic diagram (fig. 1) is
a-series circuit because there is only one way the current can get from the negative
electrode to the positive electrode, and that is to pass through each of the resistances
in turn. o

.

Figure 1. Resistance in series.

b. A charged battery is a source of electrical potential energy. I we
connect a conductor between the electrodes of the battery (short circuit the battery)
the potential is lost almost immediately because there is very little to impede the
discharge of the battery, However, if we insert resistance into the line between the
electrodes the situation changes. It takes énergy to force current through tHe
resistance, so the resistor will cause a loss of energy external to the battery—in

. *effect, a potential drop across the resistor. This poténtial can be found by Ohm's
law. In a series circuit the following are always true: . ‘

(1) The total resistance equals the sum of all the resistances in the
cxrcuit(Rt=R1+RZ+R3+......Rn)._ - ’
{2) The sum of the voltage drops across the individual resistances in
the circuit is equal to the applied voltage .
‘ (Et=E:1+'E:24:E:3+........En).

N
°

-, -
{3) The current is the same everywhere in the circuit

(It=11=12=13=””'”1n)'

o




.

(4) Interruption of the circuit at any point will cause current flow to.—

[T T T e ———————cease-thraughout the entire circuit.
‘ c. Hereisa problem that you are prqbal;ly fam’ilia‘r with. A set of
Christmas tree lamps is wired one lamp after the other {fig. 2A). You know that when .
- one lamp in the set fails the complete s§ring goes out. Usually, you have to get a

new larhp and try it in each hocketéin turn until the set lights again. This kind of a
. light set is called, quite naturally,’ a segjes hookup. You can see that each of the five
lamp filaments is a resistance. Does this make it any harder to find the total
resistanca so that you can work out Ohm's law? No harder at all. If you have a
number.of resistors all connected together iw a line, like five trailers being towed
one behind the other, you can easily get the total resistance by ‘adding them together.
It's like coupling five trailers, each weighing five tons, and attaching them to a
N tractor. The total weight to be towed, of course, is twenty-five tons. It's the same
with a number of resistances all strung out in the same line so that the current has
) only one path to flow. To get the total resistance, we add all the individual resistances’
\ together. ’

LAMP CIRCUIT \
SHOWING
FILAMENTS

: S,

a Y,

h

A ——AAA- .
:D; SCHEMATIC DIAGRAM )
. ( . OF LAMP CIRCUIT
A A'A AN~ !

v

o  Figure 2: Picture and Achematic diagram of Christmas tree lamps.
{1) Assume that yo(x have the Christmas slries lamp string of figure
2 and that when you plug it into the electric wall socket you

measure a current of . 15 ampere. You can easily find the

resistance of the five lamps. Remerhber, a\?ﬂ’fan{emhat -

-’

goes into pne lamp, goes into every other lamp. Yoy know that

’ the voltage furnished from the socket in trhe wall is 110 to 120
volts. Let's take the higher voltage (E) that you already know is
120 volts. You also know that the current flow 1s .15 ampere (I.). . .
So, by applying Ohm's law, some simple division will give you the .

‘ total resistance. (R = E/I)
N - .
oA : T © 08 B\3-P4
Q » e N . sel . .
EMC N , {%“'e "’ v ' ' 60 .

/ N
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{a) E =120 volts; I = .15 amperes; R = (?).

(b). 120 = .15 x R or -
{c) R =120/.15 = 800 ohms.

The total resistance of tife circuit is 800 ohms, but we still do

not know what the resistance of each individual lamp is. If the
resistances in the circuit are all equal the problem is greatly
sxmpﬁﬁ‘erh""in*thtrtase'%-iﬂufm;ly safe to assurme that the similar
lamps have similar resistances. The resistance of each lamp
then is $imply the total resistance divided by the total number of
lamps: :

(a) Rn = Rt/nu;nber of resistances.

(b) Rn = 800/5 = 160 ohms.

If the resistances are not all ,equal the problem becomes sl'iEﬂtfy
more complicated, and you must use a different method to find the
individual resistances.

Assume that you have a series circuit in which the current is 2
amperes and the applied voltage is 120 volts. You have five
resistors of different values in the circuit. You know that if there
is current flowing through a resjstor there must be a voltage
present. Of the total voltage of 120 volts, some'is used in pushing
the current through one resistor, some is used in pushing the
current through the second, and so on, until all the voltage 1s used.
1f you know how much of the voltage is consumed for each resistor,

you can find the value of that resistor. »

All you have to do is read the v?ltage across the resistor and

divide it by the current—which you know is 2 amperes. Int other
words, apply Ohm's law. But, how do you find out how much voltage
is used by each resistor? The easiest thing to do is measure 1t

with a voltmeter. .

Assume for this problem that you have measured the voltage across
each of the five 'resistances in the circuit We dre talking about,
and you have gotten the readings shown in figure 3. Since the
current in a series circuit is the same anywhere in the circuit,
the current through each resistor is 2 amperes. You can find the

. value of R1by dividing 10 volts by 2 amperes and obtaining the . '
resistance of 5 ohms (R1 #10/2 = 5 ohms). The other four
resistances can be figured in a similar manner: ¢

(9_) R2 =20/2 = 10 ohms. .
(b) R3=20/2 = 10-0hms.
lc) R4 =30/2 = 15 ohms.
(d) RS = 40/2 = 20 ohms.

0S 98, 3-P5
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e o
N ]
10 VOLTS 20VOLTS
. . MEASURED HERE MEASURED HERE °
N +
B AAs MA— .
n ) R2 20°VOLTS
3
- as R4
A A A AAA LIVt
K 2 AMPS FLOWING -
IN ALL PARTS OF
SOURCE 40 VOLTS 30 VOLTS THE SERIES CIRCUIT
. 120 VOLTS EASURED HERE MEASURED HERE
Figure 3. Series circuit showing individual voitages. y
. — . .

{6) The total result can be checked by adding the individual )
resistances together and checking them against the circuif's total
resistance.

»
> (2) R =R1+R2+R3+R44+ RS ‘ . ’

(b) Rt=5+10+10+15+20=60ohms.'

(c) R =E[/I =120/2 = 60 chms.

d. The second type'of firect current carcuit 1s the parallel circuit==~The
parallel circuit is just the oppogite of the series circuit; it is any circuit that has .

You can see in figure 4 that

more than one complete path ior the flow of current.
current-will flaw from the negatxve terminal of the battery to A,

through R,

to D,

and then to the positive battery terminal, just as if it were a common series circut.
But, the current can also flow from the negative termanal to B, through R2 tq G, and

to the positive battery terminal. Thus, you see, there are two possible paths for
current to flow through. What actually happens is that the current flows from the
negative battery termijnal to A, here it divides with part of it flowing through R and

part of it through RZ' and two separate‘turrents then come together again at D and
flow on to the positive terminal as a sxngle current.

- (l) The first rule of a parallel circuit then makes sense when it states
that the total current:ina parallel circuit is equal to the sum of the
currents in each branch. If a current of 2 amperes was flowing
through R,, and 4 amperes was flowing through RZ’ the total current”

1
would then be 6 amperes (It = I1 + IZ + 13 +.ﬁ\0r fr this

particular case I =2+ 4= 6 amperes.

. ’ D S

. . - . ’
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A\t

o T 1 1

2.4
<o

’ ' Bl
Figure 4. Parallel circuits provide more than one path for current.

(2) The second rule concerns the action of the applied voltage. The .
voltage, unlike the current, does not divide or take two paths. ’
1f you measure the voltage from A to D (across Rl)' and then the

‘voltage from B to C (across RZ)' they would be the same. These

two volta ig‘turn would be equal to the applied voltage
= = = = - ! 3 :
(E Rl ERZ ER3 ..... ERn)' Ohm's law still applies and

you ‘van easily find the total resistance m a circuit where there's

more than‘one resistor (equa You canuse E = [Rto,

find how much of the current flow¢ one way (through Fand how ’
£ ool

much current flows the other way (through R ) REMEMBER

these two. rules that you have just studied about the charactensncs

of a parallel circuit. - a
4

(3) In parallel circuits we have generally the same problem as in series
circuits; namely: how to find the total circuit resistance and the
values of each of the individual resistances. However, to find the
total resistance in a parallel circuit when the values of the individual

) resiStances are known is a more involved process than in a series
circuit. The total (effective) resistance of a parallel circuit is
equal to the reciprocal of the sum of the reciprocals of the individual
resistances. The rec1procal of a number is 1 divided by that p

Q\ number. Thus the reciprocals of 2, 5, and 8 are:
. {i ('_a_) Reciprocal of 2 = 1/2 or .5. \
(b) -Reciprocal of § = 1/S or .2. X 4 , T
(c) Reciprocal of 8 = 1/8 or . 125. ) ‘ ’ .
: \ The reciprocal method for solving a parallelr‘circuit'exp'ressed as .
- a formula would lo.ok 11kfa this, Rt ; I/Rl 7 ”Rz 7 1/R3 o 1/Rn

v

1f we wére to use the tecii:xrocal method to find the total resistance
~of the circuit 1n figure 5 the solution would be as follows: . r

[

. @) R = 7R, + UR, 172+ 174

1
(E) Rt-Z/4i1/4 = 374 = 4/3 =1-1/3 ohms.

N 0S 98, 3-P7
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) -

If you nptice, the total (effective) resistance 1s always less than -
either ro\ the two individual resistances. This 1s a mathematical )
fact that will always be true in a parallel circuit and provides a

very convenient method of checking your calculations. If the total -~
resistance answer 1s greater than aidy of the individual resistances .
in a parallel circuit the answer 1s wrong. :

r——-‘llllll'-—-—-—

L%

(4)

0 - c

—

Figure 5. Parallel circuit problem.

There 1s an easier way to find the resistance of a parallel circuit -
that has only two resistances in parallel. To find the resistance

of the circuit in figure 5 we will now use'the "product over the sum"
method. This means thaf you'll’ divide the product of the two resistors s
by the sum of the two resistors, Here's how it 1s done: '

(@ R =R x&, .
- L 4 e . .
R+ R, . f\ )

= 4= 1-1/3 ohms.

x4= .
3 ' {

3
B

3 t_woghy‘t.he_'ipr,oddcLoyuﬁtheﬁsum'Lmeghod_u;m} the——— -
reduced to one_equivalent resistance (fig.-6). - - — b

each set
circuit i

s

hact
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3 . R t.3n

R |
L]

Figure.6. ;Circuit equivalent to circuit shown in figure 5,
Val

: (5) Finding the equivalent resistance of a parallel circuit with a
number of equally valued resistors is very easy and quick. All
that is necessary is to divide the value of one of the resistors by

- 0 the number of resistors in the circuit. To solve the circuit in
@ figure 7 you would proceed like this: '
’ ’ ' {a) Rt = R/Number of resistors in parallel.
(5) R =20/4=50chms. ’
., REMEMBER this formula only holds true where all of the resxstbrs N
, in parallel are of equal resistance.
/.' Sy °
[y ¥ -
. . . <
. - ' a0A /
. - R, R, R, R,
J E a0A. 20 A aon
j '
4
7/
/ ) .
| \ Figure 7. Four equal parallel resistances.
| :
] /' §
l The third and last type of ‘d.c. circuit is the series-parallel circuit.
As the na.x/ne implies the cn'cmt is a combination of the .two circuits you have just
finished studying. Most circuits are of the series-parallel type. To solve this type
of circuit you must systematically isolate groups of parallel and series resistors
and solve them for their reapective equivalent resistances. This process is continued
until there is only one equivalent resistance remammg '
= - O —
v b —
T et T T - - ST - s T ;
. e
o i
£
—
. i !
1
s b : |
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. As long as the current is given in amperes (I), the voltage in volts (E), and the

ohmic value.

Ly

5. POWER. )

a. As was mentioned prevtously when we insert resiStors into a circuit it
takes energy to force the current through the resistance. Since it takes energy to
force the current through a resistance, that resistance must dissipate this energy
in some manner. It does so by convertirfg the energy into heat and 1t is important
to know how much will be generated so that we can psovide a large enough resistor
to withstand it. Sufficient ventilation must also be provided. We must know how
much energy” will be consumed by the entire circuit so that we can provide a large
enough powq,:(!s”o;grce‘. Both of these questions are answered by the same formula.

b. " The power used by a resistance is directly proportional to the current
in a.mpereSvand the voltage in volts, The product of these (current and voltage) gives
the power in watts. By algebraic substitution we can use other combinations of
current, voltage, and resistance to find the power.

(1) P=EL
(2) P= 1R,
(3) P = E:Z/R.

-,

résistance (R) 1n ohms, the power (P) will be expressed in watts (W),

10 volts,
We can find the power used in this circuit by any

¢. Let us assume that we have a simple circuit where E =
= 5 amperes, and R = 2 ohms.
of the following three formulas.

(1) P=ElI=10x5 =50 watts, K
2
12) P=1°R = (5)%x 2 = 25 x 2 = 50 watss.

(3) P= EZ/R = (10)2/2 = 100/2 = 50 watts.

d. To find the total power 1n a circuit containing more than one resistor
you merely add all the values of power calculated for the individual resistors. The
total power may also be found by using any one of the three formulas that we just
mentioned; however, the values used for E, I, and R must be the total voltage,
current, dnd resistance for the complete circuit, ’

6. IDENTIFYING RESISTORS. ;

a. We must be able to tell the value of a resistor so that we can replace
them when they become bad. Many resistors are too small to permit the printing
of the value on the resistor itself; therefore, the JAN (Joint Army Navy) color code
was deweloped. Each dlglt 0 to 9'was assigned a particular coler and these colors
are aFranged’in bands op the resistors, in a standard manner,. to denote the resistor!
hmic Figure 8 illustrates f{dur methods of marking resistors; you will be ,
responsible only for the JAN color code. It would be advantageous to memorize the
colors and the value they represent. Figure 8 also contains several band marking
+ examples to assist you in learning the code.

¥
oy

b. Resistors also vary in wéttage ratings because of the various powerp
factors involved (par. Sa) and, if defective, must be replaced thb one of like size
or larger. A decrease 1n watts below the derived value (W = 14 R) may cause the
resistor to overheat w:th resultant damage or c¢hange in accuracy.

E6 " ; -
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RESISTOR.COLOR CODE MARKING *
(ML -STD RESISTORS)

AXIAL-LEAD RESISTORS RADIAL -LEAD RESISTORS
{INSULATED) {UNINSULATED)

ASCO

.

Ve

toLgrance \ X teo
3 FICANT
WULTIOLICR ,,“"° M

| ssoms smmicant rum, e Ny
] *

PIRST SHNIFICANT PIGUAL 1M CANT
F1QuURe

.JAN Color Code System
RC -CONPOIITION

CoOno
'M""Cf . SIONIFICANY
HULTIPLIER . rIoURL

SCCORD SIGNIPICANY !
risunt (0OT CR 3ANOD) RSt
. M ICANT
FIRST SIONIFICANT FISURT \' neun
Hune
(OOVELE WIOTH SHNIZILS
71240 WIRC-WOUND \

ALIISTOAS ) |
R - WIRE- WOUND . RZ-COMPOSITION

RESISTOR COLOR CODE ..

84N A OR s0OT® 9AND 9 OR ENO® BAND € OR-.0OT OR 9aNO® 94N0 O OX ENO®
- . .

rinst » 3CONO0 .o . i REBISTANCE

NI ICANT coLon SHMIFICANT coLom !Utmgl COoLOR TOLERANCE

PigUAL Figuat L4, (PEACENT)

° nacx nacx soor | t120

v mown moen ven 20
ato . ato "o ool ts
i

oORANSL onadat LTV 1

LL{U 0w LL{§XC1

anen oneen [11{1]
"t Lol 117 4 nee

PURPLL PuRPLL
(oL LTy (AN 44]

oRay [L73) ™o

L L1114 "-ite SILVER

|
®r0m WINE-WOUND-TTAL RCIISTORS, JAND A SHALL B DOUSLE-910TH !
wnEN BOOY COLOR 19 THE 3AMC AS THE OOT (OA SANO) OR ENOD COLOR, |
g COLORS ARC O1FF ERENTIATEOD 87 3NADE, GLOSS, OR OFNER MCANS |

LXAMPLES (DAND MARKING). EXAMPLES (BOOY MARKING)

10 0ns 220 PERCENT § QAND A, SLALXK 34N0 0, 10 0N 220 PEACINY SARONN SODY . BLACK ENO, SLACK OOT
SLACK §4N0 C, %0 §ANO O . - OR $AND, BOOY COLOR ON TOLERANCY. EwO

A v onwl 23 PCRCINT TELLOW BAND &, PURML RANO S, 3,000 Onug 210 PEACENT ORANGL BOOY, SLACK END, A4Q,007
G0LO 9AND C, GOLO 84M00 ’ OA §4ND, SILYEREND \ Fs

"
) |
‘ . -

i

Figure 8. Color code for resistors.
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"EXERCISE -, C o
’ . S . .
©51. What is the total resistance (ohms) of circuit No 1?
. N Circurt No. 1 4 . )
a. 30 . - N ‘
b, 15 . o 2yv =il w2 R Ry . .
c. L6 ) -+ I v e |, sa 1na ' ‘
N . (A )~ -
\_ N -
© v ’ . ‘/ ‘
52. ‘What is the voltage drop (volté)"across R2 of circuit No 1° . ( . -
a. 24 ’ : ' 3
b. 12 .
‘e €. b ‘ . -
53. What is the current value (ampeYres) at point'A of circuit No 1°? v >
a 1.5 &
C 15 v e <
54. What is the total resistance (ohms) of circuit No 2?
a. 15 Circuit No, 2 .
, o . .
b.. 30 . [ gr o ‘
c. 185 N R2 3o ¥ 45
129 v —— o 120 £ !
v = RY
l (A) 3en.
N : . s .
L] -
55. What is the voltage drop (volts) across RI of circuit No 2? R
a. 40 ! R
b. 60 . . . -0
c. 80 . ¢ /(‘ ’
» ' °
56.. What is the current ‘value (amperes) at point A of circuit No 2? ' L .
a.' 0.324 -
70,:648 o . *
‘e, 4.0 ‘
’ v . * .
517. What is the voltage drop (volts) across R3 of circuit No 2”
: a. ZQ' . .
b. 49 ’ } , ! s
c. 80 ’

W2

v ,

58. If you saw th(is symbol —-' ' II | ,—+ in a sch‘ematnc\, diagram, you would know ) @

that it representsa . ° "y . ~. % i ¥
LI ) * - ) o . b \& N
a., lswitch. = . - -
b. -battery. .
C¢.. inductance. . . ' )
. . - . . "(:. A
[ 3
- €3 - ' * 0598, 3-RI2 N
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59 Howﬂe total resistance of a d. c. series circuit obtaineq when the applied voltage’
- is 220 volts? . N .

- - < r

~ \, N

¢ - “iadd the resxstor values (ohms) in the gxrcmt - . —
< b. Apply the formula R1 x R2 x R3 = .
. ) c. Sum.the resgstor values and dwxdle the result by the voltage

60. Which statement is TRUE as regar‘ds a pure resistive circuit? ' R
- e Y o2 - v : ’ - g ,
a. Reqmres time to respond to a chan—ge in voltage or curfent ° °
< . b. - Does not reqmre time to respond to a change in voltage or current N

< fE\R\esponds xmmedxately but is distorted

61.' Which is the symbol for a resistor?
. \ B

.

{ . \ .
- . 62.. ®d. c. circuit having more than one complete path for the flow of current ds called a
. P . ., .

- . . . . . : . v .
a. series cifcuit, . . . ‘ A
b. * short circuit. - PR ‘ <. s
= .- ¢+ parallel cifcuit. . . - R g T
. . ’ - N s —_— 7
" 63. What is the equivalent resistanC({i' two 9, 000->4hm resxstprs in parallel" .
: S e -
R " " a. 2,300 ohms ) ‘ - L - .
. h b. 5,008 ohms N .- . . wibivres
’ < N - X
. ) c. 10,000 ohms {% L e
. ~ ¢ ! o
64. If the voitage across two 80-ohm resistors in parallel is 240 volts, what is the .
- . totalcurrent in the circuit?.” . !
.o - a. 3amps . ' . - ¢
< “-b. %6 amps ’ H , N
“* " ¢. 8amps . -
- . C .l - . . . .
65. .T'he‘ formuld” for firxding the power in a circuit’is ' - ‘
v “ . a. P=TEl. . .
) .b. E=IR. . . . .
L c. I=E/R. <. . ?~ -
R ; M . “f 'H “~
. s+ B6. How many watts of power are used in a 110-volt electric toaster with 55 ohms of .
i resistance? . o
re : ’ . ’ . d\. )
- a. 55 g . o
.j 4
. ’ b, 110 S .
.- : c". 220' . - » B 4‘ 5 .
x . P — - . - I .
N . , ’
. N N # - .
» . . ) oS 98',-3:'p13 o
T. . ’ ’l ‘ L B
¢ ' - . ~ " p ﬁ*«ﬁ
| - < . ? ) »
. . . . . / ¢ v , 6 o . K .
5 . “ foon L . ’
v \‘1 . /. , 4 i R 9 , ? .
ERIC s ., ST . ,
_ - - ’ . o P B .
LR e . . . N . . . .




69.

«

70.

«

o

(EK

b

v

When 200 volts are applied to a d. 'c.’ circuit having a 400-ohm and -250-ohm resistor
in parallel, how many volts can be measured across, the lesser’ resistance?

a. 100 ’ .
b. 150 : - ‘
c. 200 ) . - :

* >
rd

What is the current reading (in amperes) of a 110-volt electric iron if the"heatmg unit

‘has a resistance of 50 ohms? ,

”

E]

Qe 0.5 <

b. 2.2 . . ’

c. 22.0 / ’
: - ) . e

¢ . - .
A d. c. circuit has two resistors in series and a 120-volt power supply with a current
flow of 0.2 ampere. If there 1s a voltage drop of 40 volts across one of the resistors,
what is the resistance (ohms) of the other” '

a. 100
b, 200 o
c. 400

.

A voltmeter reads a potential drop of 26.0 volts across a 30-ohm resistor. How much

current is flowing through tHe resistor? .
‘r
a. *0.52 amp - -
. 1.92 amps <
c. 76 amps .
'\A-, ’! !
.
a
i ~
J
. “
j
! ¢
¥ '
¢ s . ) /
¥
-
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Lesson Objective .

4 3

Materials Required . . . . . . . .

Suggestions .

o
Py PN
.

Fundamentals of Electricity
Alternating Current, Inductance, and
Capacitance

Four

.

After studying this lesson you will be able to:

1. Describe alternating current and its com-
parison with direct current.

2. Describe inductance and capacitan;;egand >
state why they are present in a. c.
..cCircuits. |

ce -

3. Give the methods used to determine t}ye
amount of inductance and capac1tance in

an a. ¢. circuit. . .

Attached Memorandum
None !

\
None v

STUDY GUIDE AND'ATTACHED MEMORANDUM

1. INTRODUCTION.

.

. '
.
N ’
B

2. Thus far, we have been concerned only with direct current; i.e.,, current that

flows 1n only one direction through an externad circuit.

Such & current can be varied by

changing the magnitude of the: apphed potential. '

_tz.' What would happen, though, if we reversed the polanty of the poténtial source

on a d. ¢. circuit?

The current flow would reverse naturally, because electrons always

travel from the negative electrode to the positive.

2. ALTERNATING CURRENT.

’ a
2 a.
=

direction of current flow does not changel.

some value in a very.short time, and m

broken.

Direct current can vary in magnitude and may even pulsate, as long as the’

Normally, we think of direct curmnént as reaching
ntaining that value as long as the circuit is un-

°

b. If the current in a circuit reverses direction, it is called ALTERNATING .

CURREVT In add1t10n, conventional a,
penodlcally changmg in.direction.

o

c. is continuously changing in magnitude, and

; —_—
‘.i B . B ) ‘
¢
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c. Although direct current was the first source of commercial electric
power, 1t t has several inherent disadvantages which over:hado»u 1ts apparent simple
nature. Chief among these features 15 the fact that direct current cannot be trans-
mitted over long dystances without intolerable losses of power.” Alternating current,
on the other hand, |1s easily transmitted across country. In add:ition, the ability to
radiate a.c. power from an antenna opened the entire field o radio tommunicat:on

as we know 1t today.

d. The principles governing magnetic fields enable man to convert.
mechamcal energy to electricity by the usebof generators. [We will not be concerned
with the operation of $hese machines. We note, however, that the electrical output
of a. P generators 1s continuously changing in magnitude and direction, and 1s

therefore a source of a.c. potential.
e. If an a.c. potential 15 graphed as a function of itme, the wavelorm :s
a sine wave (iig. 1).
A

+

7/ T\ — T T &£ T Peak
effective. Peak
‘;AVE " l

| Volts
.
3
[
&)
4— 'O
D
w.
=

H
F:gure l, S:ine wave.
£ -
f. It 1s :mmediately apparent that this waveform 1s constructed by
contnuously repeating one pattern. This umit, which arbitrarily begins at zero,
builds up to a positive maximum, decreases through zero to a-negative maximum,

and then returns to zero, 1s called a CYCLE, .

- "
g- Since thrxs variation of potential occurs during a discreet period of

time, a particular source may be character:zed by the fixed rate at which the .
polarity reyerses. This rate1s termed FREQUENCY and 14 given 1n units of c.p.s. -
(cycles per(second) Now, whexn you hear scmeone refer to conventiohal household
currént used in the United States as being 60 cycles per :ecord you know that the
potential source supplying the system performs a compIete —e\.ev'sal of polarity sixty i
times a second. Such current s “often termec merely 700 3 cle, " the unit of time

1s understood to de seconds by convertion, . ° ‘

h. Indescribing the magnitude ofran a.c. current or vgl’tage.iyou will
encounter faur di ffe*ent values. All of them are useful 1n certain apphications, so
you will nked to become xamxhar with their interpretation. |

, ** (1) The instantaneous value of a.c. voltage or current 1s the exact
. value at a particular :nstant of ttme. These values are normally :
' epresented by lower case xef:ers, 1.e., for carrent, and for
) voItage. .
s (2) 'The maximum instantanecus vaiue :s termed the peax value, and
: 1s represented by a capital letter (Il or £~)' ~
’
- A -
72 N
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(3) The average value of an alternating current or voltage is the average
. value over one-half cycle. This has been calculated to be 0. 637 times
o N the peak value; for example, Iavg. = 0,637 .lm, or Eavg. = 0,637 Em.
(4) -, The value of current or voltage normally indicated by an a. c. ammeter ‘
or voltmeter is the effective yalue. The effective value ia the equivalen
d. c. value, and is 0.707 time$ the peak value (T4 =0.7071 ) The
s term, roof mean square (r. m. s. ), is commonly used for effectwe value.

. 3. INDUCTANCE. : : o .

a. Inductance is that property of an electrical circuit which tends to oppose a )
change (increase or decreage) of current. By analogy, you may think of inductance as the :
inertia of an electrlcal system. . ’

b. In order to gain an understandmg of the principles underlying inductance, we
must recall that electrons in motion are surrounded by a magnetic ﬁeld Such a field

' *§urrounds every current carrymg conductor s
(1) By coiling wire we are able to sum these lines of forcé and produce new
v ‘ and stronger fields. This is similar, in some respects, to the increased
elast1c1ty produced by coﬂmg steel wire fo form a spring. ! N
(2) ‘The e new hnes of force issue from one end of the coil and return to the
opposite end as in a magnet.
- (3) The strength of this field is related to the amount of current flo;wing in
the coil. Any variation in the current changes the magnetic field * : :
¢ 1nten31ty inducing an e. m, f. or voltage on the coil. This property of
. a coil is known as SELF- INDUCTANCE.
. (4) Faraday's law states that the e. m. f. induced 'm';ny circuit is dependent
- ) upon the rate of change of the magnetic lines (flux) linking the circuit.
, E (5) Lenz's law adds to this by stating that"the induced e. ,m. f is a.lways in
3 such a direction®as to oppose the change of current which produced it.
. For this reason, the induced voltage is called a counter e. m. f. . '
* .- {(6) Both'of the foregoing laws may be summarized by the formula . \
’ e = - 1di/dt, where e is the induced voltage, L is the inductance, and
- di/dt is the rate of current change. .
‘¢. ' Inductance is measured in units of HE\JRIES By way of defimition, a henryis * -
the 1nductarrte of a circuit in which a current change of one ampere per second cauges a ~
" counter e. fi,of one volt. A henryis a large unit, and is seldom used in electronics s
~ work. Units® of"more practical values are the millihenry (Imh = 10~ 3h), andxhe micro-
henry (lgyh = ). .
f
d- You will recall from previous lessons that a resistor‘is an element which
* limits the flow of d. ¢. ip a circuit. A resistor also 11m1ts'a. ¢. flow. Since a. c. i3 <
continuously changing in magnitude however, inductors that oppose this change produce
an additional resistive effect. This opposition, termed INDUCTIVE REACTANCE, depends
: upon the frequency of the current and the mductance of the coil. It may be calculated from
. the formula Xy = 2#fL.. Where X1 is the symbol for inductive reactance in ohms, f is in
. p. 8., ‘and L is in henries. This formula merely states that the inductance 1s propor-

’ tmnal to the frequency. The voltage also will be affected by the inductive reactance and is /‘
expressed by the formula E = IXL, or the voltage will equal the current times the inductive )
reactance. * . < . , J /

X . . , . e
. ] - e
o B
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e. The limitation of current and opposition to change caused by an inductor
producea a delay in time between the application of the maximum voltage, and the
realization of the maximum current flow. This is a phase shift, and amounts to a

90" change across a pure inductor. Thus, the current thrgugh a coil is said to "lag"
. (o] R v ¥
—the applied e.m.f. by 90",

*

f. Circuit analysis.

(1) Inductors connected in series offer only one path for current flow.
The total inductance of two or more inductors connected in series,

and shielded from one another, is the fumerical sum of the individual
inductances (fig. 2)._

+ <+ L_
k'2 3
Figure 2. Inductors in series circuit.
{2) Inductors connected in parallel provide alternate paths for current
flew. The total inductance of such an arrangement 1§ calculated as
e reciprocal of the sum of the reciprocals of the individual

inductors, provided the coils are shielded to prevent mutual
inductance between the co1l (fag. 3). -

Figure 3. Inductors in parallel circuit.

(3) These formulas corr‘espond directly to the onks prev;ously desived
for resistors. ’

Inductances are normally identified by printed values on the exterior,
rather than by color coding.

ERI
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4. CAPACITANCE. . . o
. a. Capacitance 18 that property of an electrical circu:it which tends to
oppose a change in voltage. You will soon realize that capacitance produces an

effect opposite and complemema_ry to that produced by inductance,

» « .. . .
b- Although this effect {s'present to sorhe extent 1n all circuigs, it is

most pronounced 1n particular elements called capacitors. A capacitdr, or condenser

as it 1s sometimes termed, consists physically of any two conductors separated by

an nsulating material called a dielectric.
. ’
. b c. Since we did not mention capacitance in our discussion of d.c., you

might wonder how 1t affects such a circuit, »

(1) The truthis that a capacitive effett is only noticeable in d. c.
circurts during opening or closing®f the circuits when it opf)oses
the changein voltage. Thus, it is said to block d.c. and present

N an open circuit condition,

(2) "In addition, however, a capacitor stores electric charge on its
plates. If you connect a capacitor to the terminals of a d. c.
¢ Potential source, the voltage forces electrons on to one plate of the

capacitor. Although these electrons cannot pass through the
dielectric unless the breakdown voltage is exceeded, they can

. repel electron’s from the opposite plate. The electrons from the

second plate flow back to the positive terminal of the potential

source, and the capacitor is said to be charged.

{3) #Current flows through the circuit whxl\e the capacitor ig charging,
, but stops when the capacitor 1s fully charged. Compare this to the
. current through an inductor, which 1s imtially small and gradually
increases, and you will agree that the effects are opposite, but
~ complementary. . )

~ {4) 1f you reverse the lead wires on the capacdtor, it will discharge
- through the potential source and charge with the opposite polarity,
. {A capacitor may also be discharged by dis\connectihg i1t from the
circuit, and shorting its terminals. In this case, the energy is
' released in a spark.)

’ d. Alternating gurrent 1s constantly changing polarity at a fixed frequency;
. therefore, a capacitor inan a.c. circuit will be constantly charging and discharging
at the same fraquency.

- - ¢ lbothd.c. anda.c! are impre‘ssed upon?*cgpacitor it wall block the

d.c. but "pass’ the a.c. due to the constant charging and dischargung.
> hl

f. It was discovered experimentally that for a fixed capacitor the ratio of
charge to the voltage causing it 1s always constant. This gives us the formula

Q . 8 N

"~ C= E as a means of calculating capacitance, where Cequals capacity, Q equals the
charge on one plate of the capacitor, and E equals the applied voltage.
] /
g Capacitance i1s measured in units of FARADS, ,
(1} A farad s the capacitance possessed by a capacitor on one plate
' of which one coulomb of charge 1s deposited by one volt.
;\
L \
. ' .
. 0OSs 98, 4-P5
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(2) Although the capacitance of five millionths of a farad (0.000005) m}ht

appear rather small, many electronic circuits require capacitors of much’

smaller value. Consequently, the farad is a cumbersome unit and far too
large for most applications. The microfarad, which is one-millionth of a
farad (1 x 10'6 farad), is a more convenient unit. The symbols used to
designate microfarads are KF and MFD. In high frequency circuits even

il . _ the microfarad becomes too large and the unit micromicrofarad’ (one-

i millionth of a microfarad) is used, The symbols for micromicrofarads
are iF and MMFD. However, the name ”picofarad"‘(pF) is preferred in
place of micromicrofarad. In powers of ten, one picofarad (or one

f ‘ micromicrofarad) is equal to 1 x 10712 farad.

3
» o
~— :

frequency and capacitance. CAPACITIVE REACTANCE, which is given the symbol X,
and is measured in ohms, is calculated from the formula Xc-‘= 7 ~, where f is the
frequency of the a. ¢. source, and C, the circuit capacity in faraZs, and 27 is 6.28.

h. The opposition of a capacitor forzz. ¢. is found to decrease with increasing

i, Circuit analysis.
™ 4 ' C .

. (1) Capacitors in series total like resistors in parallel; i. e., the equivalent

capacitance of two or more capacitors in series is the reciprocal of the

sum of the reciprocals of the individual capacitances (fig. 4).

<

Y . ‘ 4

o AHHF= A

7
;

Figure 4. Capacitors in series circuit. __ ‘ R

(2) When capacitors are connected in parallel, the equivalent capacitance is

acomputed as the numerical sum of the individual capacitances (fig. 5).
- - N

- s P
A
Ci
1t - .
DAY - —{ é_
C?. C:. ’
:=C1*C2‘C3 - -

-

Figure 5. Capacitors in parallel circuit.
; 3

j. We have seen how a voltage applied to a capacitor produces an instantaneous
current response. Because of the charging process-.involved, the vo\lg’age across a capac-
itor cannot build up instantly, Thid time delay is again termed a phase shift. For a pure
capacifor, the vdltage is said to "Iag"'the current by 90°. Since the voltage 18 normally
taken as the reference, however, we may reword this and say that the current 'leads' the

voltage by 90°.. f

‘ .

. L a
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k. Capamtors are rated according to their storage capacity in terms of farads.

In addltlon. they are also rated for a safe working voltage. "T'his is a value safely below
. the dielectric breakdown voltage (i.e., the voltage at which the dielectric breaks down

and conducts electricity).

1. Capacitors are identiffed with the stansard color code used on resistors.
There are two marking codes presently employed e.g., the JAN (Joint Army-Navy), and '
the RMA (Radio Manufacturer's Association}. An understandmg of these codes is not nec-
essary for our purposes. '

EXERCISE
71. What describes the effect produced by capacitance in comparison to inductance?

a. Alike ' ' -
b. Opposite . ’
¢. Both block d. c. : .
72. What is the exact value of an a. c. voltage or current measured at a particular .

instant of time called?

a.

, Effective value
b. Peak value
c. Instantaneous value

-

%
73. If a 60-cycle alternator delivers 220 volts to a capacitdr having a capacitance of
14.5 rmcrofarads, the capacitive reactance in ohms will be
r

\

a. 18.

] b. 183, S ) ,
' c. ,546. '

L3

74. A standard 0- to 100-ampere ammeter is conrtected in series with the output of an
a. c. generator. If the peak current is 100 amperes, what value will be indicated
on the meéter?

3
a. 70.7 amperes
b.” 90 amperes N _ ,, . o - -

c. 100 amperes

75. Which is correct as regards a purely capacitive,c'ircuit?}]

@ a. Voltage and current are in phase . T . .
- b. Current will lead voltage by 90°
c. Voltage will lead current by 90° . )

\

76. Which is a characteristic of an inductor? .

a. Tends to,oppose a change of current -
b. Does not rqsist current'changes

¢. Tends to ofpose a change in voltige

P - -
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77. Which characteristic of a capacitor is TRUE?

a. Current lags the voltage by 90° )
b. Voltage across capacitor builds up instantly
c. Instantaneous refponse to current when voltage is applied
c }
78. Inductance is usually associated with a. ¢, circuits. It is present in a d. ¢. circuit
ONLY at the time when the current is
. - s
a. increasing.
b. decreasing.
c¢. changing.

~79. Which procedure is used to determine the total inductance of two or more-inductors

connected in series? . .
a. Product over the sum . )
b. Sum of individual inductances »
c¢. The reciprocal of the sum of the reciprocals of individual inductors
T
80. What is another term for the r. m. s. value of alternating current?
a. Effective value
b. Instantaneous value .
c. Peak value

»

81. Which decreases the opposition of a capacitor to a. ¢.?

Low frequency b
Lgw voltage
High frequency ,

'y - *
82. The counterpart of inductance in electrical circuits is capacitance, The properties
of capacitance are such that when a d. c. potential is impressed across an uncharged

. capacitor; the current flow will be .

a. constant. .
b. low, gradually increasing.
~ b, high, gradually decreasing.

83. What is the graphiq portrayal of potential over a period.of time called? '

ars 'F'lattop wave - e
b. Sine wave
c. Sawtooth wave

84. The capacity of a capacitor is expressed ag the ratio of the gharge or the plated to the

i voltage impressed across them. If a capacitor will store 0.2 coulomb on its plates

when connected across a 440-volt circuit, its capacity in microfarads 1s approximately

44. .
220,
455,

r

’
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85. The maximum voltage delivered by an a. ¢. generator is 770 volts. What is the
average voltage impressed across a load in series with the generator?
4

- ~

»

b. 5%4.39 -~
c. 1,089.09

a. 490.49 o )

86. A radio repairman needs to replace an 8-microfarad capacitor in his company
' C}Tmander’s“ radio, but cannot locate one in his shop supply. Rather than deadline
n the item for parts, he can replace it with

IS
.

; .

a. a 4-microfarad capacitor and a 16-microfarad capacitor in series.
. * . . :

b. two lé-microfarad capacitors in series.

€. two 4-microfarad capacitors in series,

8. A coil has an inductance ‘of 3 henries. Neglecting its resistance, at what rate will the
current increase when the coil is connected directly across a 24-volt battery?

y\.

a. 0.125 amp per second
b. 0.8 amp per second
. €. 8.0 amps per second .
88. A high frequency choke (coil) is required for a radio transmitter. It is determined
that an inductance with 10, 000-ohm reactance will reduce the-5-megacycle signal
current to a value of 2,5 milliamperes. What is the voltage ofithe signal?

s a. 10
b. 25
c. 34

89. What 1s the opposition in a coil called?

a. Resistance
b. Henries .
¢. Inductive reactance

90 The voltage rating for motors and generators is given in termg of the effective value.
However, the insulation of the conductors is required to withstand the maxamurmn (peak)
voltage that 1s developed. The windings of a 115-volt a. c. motor will be subjected to
a2 maximum voltage of approximately *

. - -
a. 125, - " e )
b, 162, -
c. 180, . . o’
- . ] ’g :
- . 4
>
. - . .
» , 0S 98, 4-P9
. «
\ 4 . ® "
= 71

i e 1T - y




CORRESPONDENCE
of the

ARMY
AND

<

us
CENTER

ORDNANCE
SCHOOL ,

COURSE

.

' LESSON ASSIGNMENT SHEET,

Ordnance Subcourse No 98 ., , , .,

.

Lesson 5,

Credit Hours . ./

Lesgon Objective
b

Text .

« Resistive- Capac1t1ve an&d Resistive~

Fundamentals of Electricity

* *Inductive Circuit

Three

’

After studying this lesson lw‘/ou will be able fo:

1. Describe the characteristicsf of resistive-

capacitive and resistive-inddctive circuits.

2, Describe the use of waveforms in ana-
lyzingresistive-capacitive and resistive-

inductive circuits.
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1. INTRODUCTION. S !
) a. Thus far in our study, we have been conc-erned only with individual circuit

elements and their interaction with direct and alternating currents. Now we will proceed
to investigate combinations of registors, capacitors, and inductors.

In the' circuits dis-

cussed in‘this lesson the components are assumed to be ideal, and stray effects or imper-

fections are considered absent. You should realize, however, that actual resistors, capac-

. itors, and inductors are not ideal; i.e., a resistor possesses some inductance, an inductor
possesses registance, capacitance is present between the turns of wire, and a capacitorr

9¢ssesses some resistance

~

-

b.

-
>

The analysis of both RC (res1st1ve capacitive) and RL (resxstwe-mductwe)

circuits will involve WAVEFORMS. A waveform can be described best as any rise or fall

of voltage or current over a finite period of time and can be drawn as a graph of the changing
current or voltage plotted against time. A vanety of waveforms are produced by electronic
circuits; those that do hot follow the pattern of the sine wave are called nonsinusoidal wave-
forms. Originally, such waves were regarded as undesirable distortions of sine waves,
Today, the study of such waves has been extended to detérmine new ways of producmg and
utilizing them. There are two types of nonsinusoidal waves: the aperiodic wave which

constant intervals,
w111 be periodic waves.

v

i

1]

Q

LRIC

3

appears only once or at irregular intervals, ‘and the perlodlc wave which is repeated at
Unless specifically designated as aperiodic, all waves d15cussed 'here

.
r
pL 3 a
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¢. Any instantankous change in voltage may be classified a‘% a step voltage.
The change may be either a sudden increase (positive step) or a sudden decrease
[

(negative step). . ¢ \

1

2.
v

RC CIRCUITS.

i 1

a. General, The response of any circuit to g step voltage can be determ:ned
by using Kirchhoff's law which states that the sum of the voltage drops in any closed
circuit is equal to the apphied voitage. For an R%cxrcuxt, this may be shown by, the

formela: E = ER ¥ EC. You will recall from our previous lesson that the charge on

a capacitor cannot change instantaneously. A capacitor without any resistance would
charge up immediately. But this never happens because there s no perfect capacitor,
every capacitor has some resistance. Therefore, a capacitor always needs time to

.

charge. [ .

b. RC circuit response. In a series RC circuit a capacitor charges to a
voltage, equal to the apphied voltage provided sufficient charging time 1s allowed.
After the capacitor has charged to the applied voltage, and the applied (/c;ltage remains
constant, a current ceases to flow 1n the circuit because thescapacitér offers infinite
resistance to the flow of direct current. When the applied voltage 1s removed, and
a discharge path 1s provided, the capacitor discharges through the chircuit, jThe timc
required for the capacitor to charge or discharge determines the character:stics of
the output waveform. Because RC circuits are used extensavely for!produg:ng the
v="!ous-transient;—r-e'quxred- n—elect—r—onie’-&y—stems-,_h thorough understanding of RG——

.

circuits and their responses/ to various types of input pulses 1s essential.

|
(1) Positive step. Consider a positive Step voltage EJbe&ng applxéd to -
a series RC circuit as shown in figure 1A. At the,‘ instant E 15

applied, the total voltage a‘péears across the resistor-because the

capacitor’is imtially uncharged and current equalI\to E/R.s flowing -
to the c__ape;:i;or. The current-starts to charge the capacitor and a-

voltage-then appears-across C. Because-the sumliof EC ancLEi{

must equal E (Kirchhof{‘s law), the voltage across R begins dropping
as the capacitor charges. If the voltage across the resistor 1s
dec}'easmg, the current through the resistor must also be decreasing.
Because of thedecreasing current, the capacitor charges at a
slower and slower rate. After a short time, the capacitor Is fully
- charged and 1ts voltage 1s equal té the applxedsvol'tage. thus, currént
no longer flows. Waveforms of the current kqnd various voltages
are shown in figure 1. ' ! . -

. (2) Negative step. Let the applied voltage suddenly;LTSe changed to zero T -
. a negative step voltage, then, with no voltage impressed upon the
capacitor, the contained charge flows through the resistor and the
capacitor digcharges. Imtally, a voltage equal to the.earhier
applied voltage 1s present across the capacitor, émd the polarity
og the voltage causes the discharge current to flo:w cpposite ta the
* charge current. As the voltage across the capacitor decreasus
there 1s less driving force behind the current and the current
gracually decreaszas. The storage of energy 1f the capac:iior is
- somewhat‘anaIOgous to the action of-a spring = p\‘xf-ﬁ cne wav ona d
s spring and energy 1s stéred, release the pressure'and the sprirg :
gives up its stored energy by pushing back the other way. - -

81
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et




P .
E = Applied voltage, *
- ‘ R = -Resistance
E C = Gapacitance . -
. - ER = Voltage across resistor
P +E 2 Voltage across capacitor
- i¢ < .
<
A. Series RC circuit, - \It = Current at time t
o ’
=2 - *
E == .- . E
S Y T SRR 2o
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- Figure |

B. ,Applied voltage.

D. Voltage across capacitor,

N

E. Voltage across resistor.
Z

[y

Series RC cxrcmt and 1its response to a posxuve step voltage lollowed by

a negative step voltage
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. . : c. RE ume constants. The action of an RC circuit og a step voltage magl
be expres—sed by the tire constant for.the circuxt. The shapes of \;aveforms for all
RC circuits are generally the same, the differences arise only in the length of ime:
required for the circuit to charge or discharge. Since the curves taper and approach
their limiiting values. Very slowly (according to theory the curves never really reach
the himats; hOWever\ in practice the difference becomes negligible), some arbitrary
point on the curves must be selected to describe them. The circuit n-r.e constant 1§
defined as the time required for a variable, such as capacitor ‘charge, to change by
: 63.2 percent of the total change caused by a step voltage. Although the value 63.2
- percent may seem an unusual number, its use greatly simplified the mathematical
corrputations of circuit response. For an RC circuit. the time constant 1s givensoy

the expression:’ - A , .. '
yo T . T = RC, . \ - where T = time in seconds. . :
. R = resistance in ohms.
. .
’ - &= capacitance :n farads. -

Y the capacitance were increased the tume constant would Secome longer —a larger
capacitor contains a gre-ter charge, and the chargé reglufes longer to flow vut
througn the resistor. Furthermore, 1f the fesistance were increased tne ime
co:(stant would also become longe.—>—-a large resistance hmde s the cuarrent {low more

. causmg a longer time to be required for the current's passage. If either or both the
. resistance and capacitance a:ie decreased the ture constant will decrease . -
cnrrespondmgly - . ) .
- - . N

d. JUniversal time-constant chart. Since the waveforms for difiereat RC
. circuits are similar, a universal cx.r'v‘e'has been constructed (fig. 2) The vert:cal
axis s ma'ked as relative pe‘ient of voltage or current, and the’hor:zontal axis,
masked \n terms of time <constants. Twp curves are drawn so that the chart may be
uscd fof either increasing or decreasing ) values. - .

- bt 4 -

¢t
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PERCENT OF FULL VOLTAGE'OR: CURRENT
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T it (1) Consider an RC circuit with the following compenents: a 5, 000~ohth '
resistor and a 1, 000 pF (picofarad or micromicrofarad or 1 x 10~ 12

" farads) capacitor. Applying the formula for thé time constaht, we find )

that the circuit has a time constant of 5 usec (5 microsecouds).q i

: T=RCorT =5x10"12%5x 109 secohds. . . < o

capacitor 10 usec afplr a 45-volt battery is connected in the circuit? -

‘Remembering tifat'the current flow in the circuit will instantanecusly

jump to its maximum and then die out gradually,” we will use curve

: B _of the universal time-constant chart. The maximum current at
. the ingtant the voltage is applied is found by Ohm's law:

. R
v {2) What will be the c‘j::znt flow and voltages across the resistor and

@y

Y

1=E/R, 1=45/5000=9x 10°3 amperes or 9 ma.
‘ Looking at the universal time-constant chart, we find that curve B
. . is equal to abodt 13 percent after 2 time constants (10 usec for our
cirepit). Therefore, the current flowing is 13 perceht of 9 ma, onr- '
1. I"\ma. Notice how the current quickly approaches zero after a N
number of time constants have passéd; i.e., the current is considered
- equal to zero after 7 time constants.” °
+ °
(3) The initial voltage across tHe resistor will be 45 volts; but the voltage ’
will decrease as the capacitor charges. Using curve B again, at a time - °
: equal to two time constants, we find that the resistor voltage has
decreased to 13 percent of its original value and now ig 5.:85 'volfts
(0. 13 x 45). The capacitor voltage may now be found by two methods.
‘Kirchhoff's law states that the sum of the voltage drops must equal .
45 volts; thus, since Ep is 5.85 volts, E; must be 39.15 volts. Wé can
. also use the chart (fig 2. Remember, the capacitor voltage starts at
. zero and increases to its maximum; therefore, curve A will be used. The
& : maximurn capacitor voltage énll be 45 volts. After two time constants,
& . curve A has a value of 87 percent; therefore, the capacitor voltage after
~ two time constants will be 39. 15 volts (0.87 x 45). In a similar manner,, -
~ the universal time-constant chart may be used for any RC circuit and a
. step voltage; however, the chart may not be used for waveforms cother
) . than step voltages. ) o ; \
- Note. - .For applied voltages, other than step voltages, the cffcuit response may be
. - approximatad by considering the applied voltage as’a series of stairsteps, each of which

. is a step voltage. Values for each step must be computed before proceeding to the next

step. .
. .4 P - - . :
. 5 . R ‘
; . £. Use of power in an RC circuit. A circuit component receives power which
. + 18 equal td the product of the current flow and the voltage across the component. Power .
used by the resistor is equal to LER and is dissipated in the form of heat. Power stored
., T by the capacitor 1s equal to LE and 15 stored in the form of the potential energy of the
charge, . ° ] T LT -
- ’ G ¢ - -
. . > t )
.0 . Y
™
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3. RL CIRCUITS. : -

a. General. You learned 1n the previous lesson of this subcou;g\that the
flow of electric’current in an inductor cannot ctange instantaneously. Afinile length
of time 18 required to effect any change because of the magnetic field which must
build up or collapse according to the change. However, many times in elecgronic
equipment a signal voltage will change rapxdl} or even 1nstantaneou:51y in
the form of a positiye or negative step voltage. Suppose a resistor and an inductor
were copnected ih series and a step voltage were applied, what would be the wave-
form of tl;? current flowing of the waveférm of the voltage acrqss the ifiductor”

This portion of the lessomwill show you how a simple RL circuit responds to voltage
changes and how you may calculate the current and various voltages. ¢

E 4
’ b. RL circuit response to a step voltage. Letus now consider a series

AL circust to which we will apply a step voltage. The restlting response of the.RL

, circuit 1s quite smportant,because several similar circuits are used 1 the antitank
H

- ,
5, - , .
h (1) Positive step \/foltajLe. As 1n the discussion of RC circuits we will’
again make use of Kirchhoff's law, the sum of the voltage drops in
any closed circuit 1s equal to the applied voltage: to deterrmine the
response of our series RL circut. Let a positive step voltage of
N value £ he applied to the.circuit as shown in figure 34 A <current
will agtermnpt to flow in the cirew; however. the inductor will not .,
+ allow an instantaneous change {:n this case. increase from zero)
, of current flow. At the instant the voltage 1s applied the 1nductor
creates a back (counter) e.m.{. which prevents current flow. A& .
- flow of current cannot be disassociated from the magnet:c field.
If no field has built up. no current can flow. Since no current 1s
flowing: there is no voltage drop across the resistor and; by
¥irchhoff's lav/, the entire voltage E appears across the inductor
' © as EI:' Although back e.m.{. of the inductor prevents an

m1issile system.

1

instantaneous .chaxfge of current, a gradual increase in curredt.dces
. occur. Studying the circuit a fraction ofa second after the step
7 voltage has been applied, we find a small, though increasing, amcunt -
N of current flowing. Since currentis flowing through the resistor v
N "a voltage drop must be present across the resistor. Now. by
Kirchhoff's @w. the voltage drop across R and that across L must
equal the applied voltage E; so. a voltage drop 1s also pregent
- acréss L. Because the current :s mcreaszn'g. the voltage across’ .-
. .R is 1ncreasing and thus the voltagbe across L r's decreasing. The
voltage across R increases until .-‘.'.R equals E and the maximum ~

possible current is flowing: consequent\y, the change of current

ceases and a steady-stage of equiliorium 1s mazntained. Voltage

v * and current changes may be shown graphically as in figure 2. The
closer the current gets to the limiting value (whern ail voltage .
appears across R and nore across*Lf, the slower the current tends

to increase. According to theory the current never rzacnes the

.

lim:ting value out.in pracuce she'difference guickly cecomes

negligiole. 3
. - 8 ¥
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= Applied voltage , ’

E

R = Resistance -
L = Inductor . \ . -
E

&
: . g~ Voltage across resistor - A
P ¢ L
e - . s
4 EL: Voltage across mdgctor © - '
. I LN T
A. Series RL circust s E = Current at time t f ‘ - .
. t ¢ ¢ , c Al .
ey - ‘ .
-~ - RECEI I

A} . B
,
N N
2
S L ]
27 .
=~
-
- £ ]
: -
v -
s I Q.
™ g >0 ———— - — - —
@ - - - .. . - -
o ; T - : -
- o C. . k. Vogtage across pesistor
. : ' - - ) - - = '.._ . te *
2 - e~ : . - . - e -
- Bl - p
. . et . 3 .
- . M b
v ~ ° N K ‘. ‘o o A
N A . ‘ ’ . " o N - '
, - oy s e ..
. - . . " N s -
- : N . - PS4 - 4 e :
Figure 3. Ser:es RL circuit and,its cespohsé to a sosx;:yeas?teo voltage xollowec-&/ g
- s - g B bt 3 “ " 4 . * i e
. M a negative.siep voltage, /7 - L e .
. .(.‘... - 1-7-‘ - --. ) o - . -,
. . ' ’ Y 24 - ‘- L .' -
N ‘l b C-
- R 4 - M
o P . - .
« - o . - JQ
IR . . .
* L]
2 -
. 7
,
! te
. - XY M
) - . * "Q
.D . -. .
: * . '
L o= - ~
. 0S :’8.')(-?' $ec-,
‘. ’ .
.o ) . 2.
- . -y - °
R M
. . Lot ‘ * . T -
PO - ~
. &
- )
‘, N - . .
P R . 7
. © v ‘ N . !




[/ n.uu Provided by ERIC

-

. g B
., ] T
Ad o { ?
. . ' !

(2) Negative step voltage. As you.recall from.your previous study of
indugtors. the building of a magnetic field around the coils provides
the back €. m.f. when lines of flux cut adjacent-turns—ef-wire. When
a negative step voltage 1s applied the collapse of the magnetic field,
which was built up by the flowing current, again provides an e.m.{.

. countering the current-change. Removing the apphied voltage E -
will give a negative step volt . At the instant the voltage is
removed, the current, havm?gno driving force, attempts to stop
and would do so were the inductor not in the circuit. The inddctor
containi stored energy in the form of 1ts.magnet1c field. This
fiéld. which was produced and maintained by the moving charges

‘. * composing the electric currént, will collapse in the absence of a

sustaining current: As the field collapses, the flux lines move

inward and agam cut adjacent turns of wire and induce an electric

N volta% in the coil. Although the induced voltage also has a field,

’ the n&t result 1s a conversion of th2 total field into a decreasing

électric current: The direcfion of this current 1s such as to oppose

the change of current; the action tends to maintain the previous*
current (Lenz's law). Current through an inductor cannot3top

. instantaneously anymore than 1t can start instantaneously. MWhen

the negative step voltage is applied to an RL circut. the cv..rreht

graduadly decreases and the voltaQe across the resistom g"adx.ail‘,

.When a steady current flows there 1s no voltage ‘across,

: * the{inductor; however, with E suddenly removed. the collapse qf

. the 1 ctdrﬁs magnetic field causes a voltage to suddenly appear
across the inductor and then gradually die out as the energy of the

. field is used. As the magnetic field collapses, it becomes weaker

causing the current to decrease angapproach zero. A se€t of

: curves may be drawn to show current and voltages resulting from

-~ thenegative step voltage; these curves are shown in figure 2.

¢ decreases.

.o -5 \
Yote._ ZfCare must be exercised when a negative step voltage is obtained by
opening a switch. An open switch places a very high resistance in the circurt.
The action of the“inductor is to malh¥ain the current which had been flo»vmg
““The currant from the inductor attempts :o flow through the high resistan
.- an extremely high voltage across the swi itch is created. The voltage busdd
"o ;he&:ou‘t at whigh air breaks down and an arc jurmps acréss the switch.

and

.

arc <an be
the applied

" e¢. RL

R

time constants.

evented by using a discharge resistor wnich is wired so that as
tage 1s removed. a low resistance path 1s provided for thé current.

The effect of any particular RL circuit may be,

As for R

circ;its.

t‘\e time

= . é_qu-zhbr:r... value. or the resistor voltage to reach 63.2 percent of the step voliage

e des beo by the time constant for that circuit.
o . —'eg‘x‘sza'u 18 that time reguired for a variable of the circtit to cnange ov 63.2 percent _ .
.- __offthe total change 1ntroduced by a step vohage » For a positive step voltaee.\ the

timne constant 1s the time required for the curr to achieve 63.2 percent of the

T

fhe indactor voltage'to cec-ease to 36. 8 percent of &he step voltage (when :L

reaches 37.8 percent of ‘he original voltage across the indu
The value of the time, constant is ceiined
2

the total change has been accomplished).

L4 * »

53,

Z percent of

I 2
where T = t:me in seconds. .
b=z ‘mductan‘ in henries. . .
R = resistar®e in ohms, ¢ . )
- \ b3
or an RL cizcurn may be used 1n onjunciion with the universal
determine voltage apg ¢urzent at any par! c:lar instant. JTh3
cal tq that for RC circulls, «
o . i ‘
2 N\ e 0S 98, 5-P8 .
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d. Power in a series RL circuit. While current s flowmang in the RL circuit,
° ' the resistor 1s recewmg power equal to tER. The power going to the resistor 1s dissi-
pated in the form of heat and can never be recovered. Whenever the current 1s increasing
in the circuit, power is also drawn by the inductor. The power going into the inductor s
equal to ItE], and 1s stored in the form of a magnetic field. When the current decreases,
the inductor puts power back into the circuit as the magnetic field collapses. The expres-
sion for power returned to the circut is the' sagne as that for power taken from the circuit.

/ 3

I

¥ EXERCISE
91.'What is the purpose of svntchmg a low-value resistor across the RL circuit at the
v moment a battery is swatched ot of the circuit? o ‘e
a. Allow the inductor's magnetic field to collapse™ b
b. Sustain the current which is flowing
c. Prevent arcmg in the swatch -

What will happen if the wire connectmg the resistance and inductance in figure 34 .

18 cut while current 1s floW‘mg in the circuit? ‘ : *
i 5 ' <

a. A high voltage spark will jum;; across the wixi‘e as it parts ,l

b. Nothidg

c. *Current will cease and the inductor will max_ntéin its stoﬁ energy

te
93. .In circuait No 1, what 1s the voltage (volts) across the capacitor 500" ysec after the ‘ - .
positive step voltage has been applied,” .
. . .
a. 1.5 R : . :
b. 28.5 °
- l c. 30
g NN ’ s

Circuit No 1:

i E. .3 1.000.000 'n(ohma) ¢

I
£ . ;
L .

E_ = 50pfpicrofarad or
micromicrofarads)

- . ]
. .

E 1s a positive step,voltage of 30 volts. " ) .

94. In circuif No 1, what is the voltage (volts) across the l-million ohm resistor 20 usec .,

. after the p051t1ve step voltage has been applied? .
a. 28.5- . N
b. 20.1 ¢ . R
c. $%.9 *
2 " Q5. What 1s the time constant (4sec) of circuit No 1° ‘ e
% ' a., 50 ‘ A4
L 4 . - L J \ ’
.. . . > 7 0 .
. c. }-0.5 ~ N\ . ! ) _ . .
~ . . ] Q
- @ - ' y v . M y
» LX) . * -
L .. A . g i .
. ’ . .8t . . . .
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96. Which series combination of circuit elements will bave the shortertstime consvue’

a.

1y
', ’

i
A 1000-4f capacitor and a 100-ohm resistor

.

A 6000-ghenry inductor and a 300-ohm resistor

,/b.
C.

97.< A positive voltage of 0.2 second followed by a negati%_e voltage of 0.3 secon? 1¢ whar ,

A 4000-{yhenry inductor and a 10, 000-ohm resistor

;

kind of waveform?

v .
r

*

M |
1

. .
Aperiodic, sinusoidal
Periodic, sinusoidal

+ J__'

-

e 7

c. Aperiodic, nonsinusoidal

98. In caircuit No 2, wh\t is the voltage (volts) acros$ the inducter
step voltage has been applied?,

T5Mse: aiter the pos:toy

a. 20.0° . .
b. 10.0
c. Lo ¢

]
1,0008) (ohms)

[y}
"

25 maili henries”(25 x 10-1)

- »

5‘.._,) = ‘ <& "

E is a positive step voltage of 20 volts.

.
m
-
"

¢

~

-~

. 99. In circuit No 2, what 1s the current (ma.) flowing through the résistor 5%8sec alter

the positive step voltage has been applied? v
A 17.4 : . L. . .
b. 11.3 ‘

in circuat No 2, how much time (U sec) after the positive step voltzge has tezr appliea
18 recguired for the current to reach the steady-state?

, a. 23 ’ . ' o ) /L
10 ’

b. t~ . ,
c. 175 T _— .
. N . . ~ N . o‘- . ™
101. In circuit No 2, what is happening to the magnetic field 25 gsec after the _:Qé%ve step
voltagayhas been applied” ) ’
> a. Increasing . " . i
b. Coll‘zpsmg . : ) ,
. ¢. - Not dh3nging - . . ¢
° .
102. Let a step voltage of | volt be appiied 1> a series circuit 3f a 1{0-Mf capacitor ard a
. 1000-ohm resistor. Which has occurreéi.'aiter a time wmnterval o>f ! time cirsta-t
. . ~ . ’ - .
- - 3 - . A} o,
a. Voltage across the capacitor has decreased by 0.368 volt. H
v b, Voltage across the resistor nas becomqj)??s volt »
¢c. Currerdt has ceased to flow o . o7
- ‘, - - L4
. . >
1
- . . )
' . Cs 93, 3-240
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104.

105.

106.

e

What characteristic’of an inductor 1s primarily responsible for the qutput waveform

. of the RL cirguit? - .

. . b
a. Opposition to changes in current flow
b. Aiding changes in current flow

c. Opposition to changes in voltage
’

What becomes of the energy supplied to a geries RC circuit? -

a. Dissipated as heat and some stored as electrostatic chax"ge

b. Dissipated as heat and some stored as magnetic field . -

c. Stored as both electrostatiq change and heat : e, ,

If the values of a resistance and“capacitance in a series RC circuit are each halved,

the time constant ) . o )

a. 1s cutin half. ‘

b. remains the same. .

c. is reduced by three-fourths. ’ .
<

What 1s the form of the stored‘energy in a series RL circuit wh2n a steady current

is flowing? ’ 4 -

a

a. Magnetic field around the inductor ,
b. High temperature of the resistor
c. Electrostatic charge on the inductor .
~ ’ .
Shortly (! time constant) after a positive step voltage is applied to a series RL circuit

. “

a. ER is increasing and E is decreasing. \
b. ER is decreasing and Ej is increasing. .
c. ER is decYeasing and Ey is decreasing. / %{ . -

.

What pheno’mena 1S res&onsib‘le for the back e. m. i. created by an induc¢tor?

a. Interference of flux lines from adjacent turns of the inductor
b. Induction of voltage as flux lines cut adjacent turns of the inductor ®
c. Cancellation and reinforcement of flux lines within the inductor - ..

«

i .
A} what time constant 1s the current from.,a discharging 'RC circuit considered equal
to zero?

a. O . & . N
b. 1 ‘ : .
c. 7 ) ) .

Shortly (1 time constant) after a negative step voltage 18 applied to a series RC circuit
s

a. Epg is increasing and electrastatic charge is decreasing.
b, EgR is decreasing and electrostatic charge is decreasing. ’

c. ER is decreasing and electrostatic charge is increasing.
2 -’

5 J; A ‘
N . ~ -
\ . . -.: o? *
4 ° ¢ . - N
> - : ) \e »
hd - , - . . .
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CENTER AND SCHOOL
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’ S ’
LESSON ASSIGNMENT SHEET | -
Ordnance Subcourse No 98 . . Fundamentals of Electricity !
Lesson 6 . « « « « o « « « Operation and Characteristics of Vaauum
[T
— ‘Tubes i R
Credit Hours . . R A Four X g . -
Lesson Objective . . . . . After studying this lesson you will be able to:
e ’ " 1. Descnibe the construction and operation
, \
of vac tubes. “
. i, /,J:}' ) 2, State the different types and Zpplication
/ ) - of vacuum tubes. B .
3. Describe the constructi'on of graphs used '
? # T & in detérmining vacuum tube character-
istics. ‘ :
Text « - o 0 v e e et e e e e Attached Memorandum
- L
Materials Required . . . . . . . s . . ..Nohe: <
Sug.gesnons e« e « « e« « 4 « 4 « 4 « « . None <
STUDY GUIDE AND ATTACHED MEMORANDUM ) s
1. INTRODUCTION. . -
e . : ® ¥ -

. a. Electron tpbes and transistors form the nuclei ‘of most modern electronic
apparatus. The great divers1tyﬂof electronic applications stems directlyAfrom the use of
versatile "electron tubes and transistors. Today, transistors are rapidly replacing tubes
1in many applications; however, there are still a great number of jobs that can be done best
only with tubes. Electron tubes are not going slowly into extinction; they will be used for-a
great many.years'to perform jobs for which they are the most efficient and practical means.
This lesson will begin your study of electron tubes while transistors will be discussed in the
next lesgon,’ . ) .

-

- b. An electron tube may be considered as a kind of valve for controlling the flow

of electrons.. Varipus special features are constructed into tubes to allow certain specific

types of control.” In gn electron tube free electrons are produced and then flow through °o
space, usually a vacuum, and impinge on a target. The flow of electrons constitutes a

current; controlover-thrs ‘current is the key to the tube's versatility,

’

c. During his experiment’ation with the incandescent lamp Thomas Edison discov-
ered a phenomen:on that he couldn’t explain. If & second conductor wereosplaced inside the
glass envelope and connected through an ammeter to the positive end of the voltage source,
a current was measured; however, if the connection were to the negative pole of the voltage

source, no current was measured. The British scientist Sir J, J. Thomson iater explained
. * *

* ’ ’ . OS 98, 6«P1
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the Edison effect (electron emission)es being‘caused by Mﬂ electrors through spave
from the very high temperature, negatively charged filament (cethode; to the “051!4.".1\
charged plate (arnode). The two-~electrode tube found use as a rectifier becanze cur.ent
could flow in one direction only, thus alternating current could be easily convers2d - ¢
direct current. Radios used the tube as a detector. In 1907, Lee DeForest imors.en ta

evacuum tube by. placing a third. electrode between the existing elgctrovies. ¥nalil variaticr o

Ce

in the voltage of the new electrode produced correspondingly large variations ia t-. cur® n
flowing through the tube. The new electrode was called the control grid aad 5 . 0. pure
tion allowed the vacuum tube to amplafy relatively weak signals. The LoForest iile was
one-of the more significant milestones in the development ¢f ele:‘ronics a .. .2 :

several additicnal controll}ng grids have also been installed tu increase further TR
tilify of the electrorn tube. \ ’ *
d. Tuoes may be classxfied according o their construction an< wur *1 v, Vaoi:,

tubes are those in-which air and gases have been evacuat.ld. . Some tutes, gao-3oa t o,
have a special inert gas present inside their envelopes. The cathode (S.,.ré YT
may be heated directly by an electric current or indirectly by rad:ation of nees irunr 4
@eparate filament (heater); in some cases, electrons are virtually palied out f the _ithele

by an extremely intense electric field. A tube which contains two elements s knuwn as &

diode. Three elements compose 2 triode, and four elements a tet“o(’t. Tiv-znd 507 el -
ment. tubes are pentodes and hexodes, ruspectively. Sometimes, two miodes and twy trioc. -
or any combinati@n of the gbove assemblies are placed inside the same cnvelsps, then, *the
tube is a duo-diode, a diode-triode, etc. Tubes are alsc dalled, accordirg to their iunciion,
rectifiers, amplifiers, detectors,” mixers, oscillators, and punctoelectric tu.e catrig= -2
tube, etc. . - ’

2. ELECTRON EMISSION. ‘&

a. General. Because an electron tube accomplishes jts purpose by the conirs! ¢f
a stream of electrons, a reliable, steady, convenient sourcge of electrons 1> n:cess . ry.
Dx'esently.*thex‘e Are four metheds which are used to produce the’ necessary elcction stream:
thermionic emission, secondary emission, phd‘ﬁ*e;electnc em:issior, anc .wld-cathode ermis-

.sion.

b. Thermionic emission. Ina conductive metal the electrons of ecach 1r.\:~.v1du:.1,
atorm are rapidly orbiting around the nucleus of the atom. T‘:e nature cf the forges hoji.n,
the électrons is such that occasionally an electron miay move 1t$ orbit from ene nucleus t3
the next.. A great number of electrons moving 1n the:same direction constitute ¢ an 2leriric
current) The speed at which the elfctrons orbit :s depencer: upon the'temperatire of tn
materialyi.e., the higher the temperature, the faster the ®lecirons are mov.ayg in :hc:r
orbits and the more energy they possess. At a certain temgerature, different for each
material, the energy of the electrons has increased to the pomt that the farce holding the
electron in the atom is overcomie and the electron flies away from the nuc leus. The escapy
energy is called the work function (given in units termed electron volts)’ and 1s d.f{ferent for
each material. The lower the work function of a material tne easio1r glectrons may zo-20c,
or, stating the :dea differently, "the lower the work function, the lower the temperature at
which emission’begins, Far each smitter, the rate of ele.tron em:3s:na Iniresns 5 45 1o -
peralure increases above the lower linut df emission temperature. A» upger Limit 1s
dictated by the melting point of the material) A material which has a low werk functiun
1s desirable in electron tubes as too high a tsempe.ature causes the emitter to burn .
because a perfect tube vacuum is not‘attained and it also brings the mater:al near its

melting point thus reducing structural strength. The mos¢ satisfactary mat-r?als are
tungsten, thorizted tungsten, and metals ccated with alralino: eaith “x. e
* €. Secondary emisgsion. Secondary emdssion is nst used :ommenlv ia
electronac tubns to produce the electron styeam. Howewer, ﬁecondary emi8sicrn does
occur in tubes and thus must be understood. I an eleltronivere f{lying very rapidly
Ju"oug’n svace and sudderiy hit 2 material, the ener gt uf meton cfth el ot et
, ‘
. &% : . >
. Cs 98, 6-P2
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be used up in some manner. In some materials, the energy from a bombarding elec-
. “tron is transferred to the electrons of the material. The additional boost of energy
may be efiough to allow some of the electrons to overcome the material's work func-

L tion and escape.as secondary electrons. Secondary emission can take plac# rn a tube
- when electrons hit the plate, but this action is undesirable and steps must be takeh to
’ reduce the effect. This WIll be gone into in more detail later in the lesson.

d. Photoelectnc,emxulon. Photoelectric emission is utilized only in a few
special purpose tubes. Light possesses discreet "bundles' of energy called photons.
When light falls upon a surface, the energy is distributed partially to the light that is
reflected and partially to the surface. A feWw materials, such as silicon, have the s
ability to use the energy of light photons to speed up electrons of the material. Here
again, if the electrons can overcome the materials work function, emission can occur.

e. Cold-cathode emission. The fourth type of emission is cold-cathode. In

- the prevmully described methods, the electrons gamed moving or kinetic energy ancf
escaped; however, in the cold-cathode method the energy is potential—like a rock

. abput to fall. By using another electrode that is ve“r\y highly. charged, an extremely

intenge electric'field is brought near the emitter. As electrons cdrry a negative charge
they are strongly attracted to the postive electrode; in fact, so strong is the field that
the els\x"ons are actually pulled out of the emitter just as grawty pulls on a rock. -
Because\the very high voltages required introduce many problems, cold-cathode

PR - —emission is not commonly used. - e — - _ - - e —

3. DIODES. 5

. a. General. Although the diode was the first'vacuum tube to be generally
. used and its configuration is relatively simple, the use of diodes 1s still incorporated
in the majority of modern electronic equipment. The most common uses are in recti-
fier and voltage regulator power supply circuits. Many of the principles involved in
“4 the operation of the diode are common to triode and multielement tubes.

various components 1dentified. The filament serves here as an electron emtter’ but
in other tubes it might be used sdlely to heat a small oxide-coated cylinder concentric
with the plate. The plate, of course, receives the electrons liberated by the emitter.
A getter 18 included within the glass envelope to maintain a good vacuum. After the
tube 13 sealed off, the getter 1s flashed with an applied voltage and produces a com-
pound which absorbs gases that might be present in the tube. The whole structure 1s
enclosed in a glass or metal’envelope that is sealad after the tub# has been evacuated
of air and gas. Electrical connections from the electrodes to tha pins are made by a
special alloy wire passing through the glass. The wire haa thermal expansion charac-
teristics 1dentical to those of the glass thus forcing a txght seal to be maintained at all .
temperatures. The schematic symbols for a diod€ are shown yn figure 2A, configura-
tions for the enclosure of two diodes in the same envelope are shown in hgure 2B.

7‘ b. Construction. A yepresentative diode tube 1s shown in figure 1 thh the

~ c. Operation. For the dxod to Qperate. a filament’ voltage must be applxed
g 'to heat the cathode to operating temperature and a voltage applied between the cathode
) _and plate. When these two voltages are applied, fPee electrons will be emitted from‘
the cathode and an electnc field will be present between the cathode and plate to act ’
-upon the electrons.’ If the plate 15 posstive with respect to the cathode, the- plate will
©__ - -attract the freed electrons and a current will flow from the cathode to the plate. If
the plate 1s negative with respect to the cathode, electrons will be regelled by the fie td
and no current will flow. Thus, we can state a few conclusions about the action of a

. @a . ’ '

e

diode: ‘ .
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electrons.
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{1) sCurrent ftow 1n a diode occurs when the plate 1s pesitive relative to

(2)

(3)

(4),

Space charge.

. We must study the electron movement very carefully.
tron emxssxon plate current,

(n

e

»

®

s

(2),

‘18 set up between the space charge and the emitter.

, the cloud back tot

. ) N

. . &

thg electron emitter. ‘ . - » . e

° 7z ’

Current will not flow 1n a diode when the plate 18 negative relative
to the elec;ron emitter, . a »

A diode can behave like a control valve, automatlcally allowmg or
blockxng current flow. - ! N :
b

If two dlode systems are combxned in a sxngle,envellope. thé action.
of each remal_ps the same,

To have an accurate concept of the actxons taking place,
The maximum values of elec-
and plate voltage are determxned by the actions of the

©

“ . . ; ‘
Suppose fhe plate were algsent but the emitter were functxomng, what
.happens to the electrons? An electron uses most of 1ts Surplys . -
energy as 1t overcomes the emitte?!s work function, the electrop
egcapes with a low velocity and rex’hams close to the emitter surface.
After many electrons have escaped a cloud of] free electrons. called
a space charge, exists a short distance from the emitter surface.
Because the space charge 18 composed of electron's, an “electric field
’fhe emitter 1s
“positive relatwe to the electron cloua""'ven though it is negative .
relative to“the plate. The density of the etectron cloud is greate'st
at. po:nts near the "cathode. The effect of the electrlc field.1s to re- -
. pel elec.t;oas bexng freed from the ematter, Electrons which are’

?

freed th‘h‘a very low veloc1ty are then repelled bacl( into the emltterr

|

For any one bempe rature of the cathode, the rate of electrons ente ring

the cloud will eventually be equal to the rate of electrons ejected from

cathode! The densxty of the electrons 1n the
éloud will remain CQne't%t. ,The constant densxty of the cloud is, ,
termed critical dens;Jand the etiuilxbrxum 18 called emission -
aaturation, Thus, we’see that the space charge has a controlhing

s fnfluence ppon the emission o'f glectrons from the cathode. P

Now let us bring the posxtrvelchharge,d p’late'xnto its pbsmom . ®

Immedlately, an electric-field is ‘established between the plate and

- the space charge (f1g% 3)

Notice that

present between the plate and cathode.

ere al'e actually two fields
One field xs.from the space

.

a

charge to the cathode, and thé second field is lfrom-the space charge
to the plate. Acwally‘then the plate attragts| elgct'-ons out of the
chargelwhxch.\ln turn, ‘acts as a reservoir for electrons emitted
from the cathode. If. qlectron&_a re drawn bay‘ tlne plate, the ablllty
of the space charge to'repel electrons 18 reduced and addmonal
electrpns from the cathode enter the space char e. When electrons
equal o otie ma. of current are drawn from the $ ace charge by the
plate.relectrons 'equal to ong,ma. of current illjbe added to the
space charge ‘by the emrtte:{ ‘The space char\'Tge s a very handy
“thing to havejin the tube% Most’ cathodes are defigned to emit a
great number of electrons. The space charge causes most of the
electrons.to return to the cathode and only the necessary ones are
uﬁsed However, a large sugply of free electtons is always present
'as a reserve. Were the space charge absent/, .a low voltage would
1nducé very high currents.an the tube and shorten the ematter life.
Because of these controls the flow. of current is descr:bed as space.-
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A , e Characteristics. In a digde (or any other electron tupe) a definite re-
> lationship exists between each of the differefit.variables; . e. , the plate voltage.and
late current are interde endcnt: the electron ¢mission and cathode temperaturcsare
P ! p P
- _“related. If we. construct a graph which shows the value’of plate current for cach vaite
* of plke voltage, we hdve a characteristic curve (f’g 4) Lharagctematxc curved can
. be drawn for xu) of the various relationships. Eac point of, the curve represenily a
. specific aet of values for plate_ current and plate voltage. The™ cgrve ‘also shows how
h ® a change in the pla.te voltage duces a correepondmg change in plate cuncnt. In
] the 24-40 volt range.the curv ilmost straight and is te réner linear, mqanmg “that
. i voltage and curreht are propo onal#n that rakge. The cyrve 1-10 volts 1s not straight
v .

by

and 1 termed nomlinear, the thematical expression of @’h.ch}can be qux.e,‘cox..plex
The curve shown has been'constructed for'a particular cathode tempe rature. if the
. cathode temperature were changed, the critical dqnntv of the space cha rge 'would
T"( « change apd slightly daffe rent conditions would exist in'the fube. For a dxffe'e'u athéde
stemperature, another ¢urve would have to be drawh. The new curve would bead dewn
a little fester or a little slower, depending upon thedu-ectxo—x ot 'he cha.'zge in mper-
« atu e. If the curves for aeveral different temperatures wer: olotted cn ‘the same gvaph

{ we would have a family oi curves (fig. 5). » L igy**, . - o3

°a

) {1} The 'hc. plite resistance of a diode,. ' .If: the dxoge has aAc-omrollmg
, ’ . mfluence cn the flow of current'there ryust be some- resx?s;are:e te ¥
’ the current's passaga. "The %eauta«nce of a ‘diode is dependem fpon
the spacing and size of the elec‘trodes, z‘xe condition of trhe spage

P 8
* h charge, and the energy d1ss1pated by the eleétrons Amthéxr mot o;n. .oa
i ; In contfast tq resistors, the reaxstance of electromn .ubes 'Bﬁél‘a‘fly - "
. . R . « is not con’tant. The dxode preaents«gn infinlte re:sfptance tbmnxrrent

H . . - flow in one direction and a-variable ;’Esmtance to current, ﬁc.v in. the‘s

o opposite direction. The d.c,, plate reaistance 18, “thre oppoevmon pre- * .

. ' sented to the flow of current from ‘a{d k. voltageantroas the plate ;

. ) . and cathode. Tie vatue of the res@ta})ce can t2 4° r*""*na ety

- . from Ohm s law (R = E/]) using 4m£orma'x:m takzg from < u,sx.. Acsle -

_ teristic curve., Using ,ﬁgu-e 6, we fxgd th.ac th ff“_ . e.-nntarce cf‘
S - a typical dicde at a plate voliage of 20 \ol.g e 502} ohms.r L
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. R_=E/I, or:R_=20/.040 = 560.0hms .
- . . P P ‘
. P
Likewise, the d.c. resxstance at 28 volts 1s 422 ohms and at 8 voltx — .
) . 1s 80O oh¥ns. Notice that the resigtance changee and depends upon .
* the plate voltage. ..
. , . ) ‘
b 20 ' ¢ ° ' .
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s Figure 4. Plate current, plate-voltage characteristics for a typical diode. * ©
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Figure 6,

70 a /

m
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PLATE CURRENT (MA}
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PLATE VOLTAGE (V) ot .4 o

- . ! .

Calculation of Rp from a plate’-chrrer;t,

plate-yoltage characterist.c., N
2 »

*e .

. .
N ,‘ - )
. -

{2)" The.a.c. plate resistance of a _diode. ‘The a.c. plate resiitance of
the diode i8 defined as the resistapce of the path between the cathode
and plate to the flow of an alterna&ng current inside the tube. . The -
o'a;e res{stance 1s th¥ ratio of a small change :n pla‘e voliage ¢
correspon{img change in plate current.

M -

. = A;FP where r, ip a.c. plate resistance (ohm3), /
. .« . P A ip’

Aep

. {voits),

.

18 a small change 1n.plate vo"t%e

Aip- is a small change in plate current {ma),

.

- S
The vatue of rp may be calculated usin‘g information from the charac- .
teristic curve as.shown in figure 7. At 20 volts the a.c. plate resis-

‘tance is 320 ohms. a0 > ' *

. - ) &.
. r = 21.6-18.4 - 3.2 _ a5 o L

P .045 - .03 010

For atcurate results, the srnall changes should be taken so taat the

values evenly bracket the desired volfage or current, The smaller

the changes used, the more accurate the results (prov:dmg, of course,

the curve values may be read accurately). Therve 1s an appreciable

difference between a.c. plate resistance a2 4. .. th fariat e "
Athe a.c. value being about hatf the d.c. value, ""Such a difference is '

generally true for all types of vacuum iabes., ‘ .
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,rent flows through RL to the battery, the voltage drop across R,

N bemg the output of, the tube. The characteristic curves of the tube
are altered by the ‘presence of the load and are now called dzna
characteristics / If no load is in the circuit, we have the static

» characteristic as shown by the line Ry, = O ifi figure 9. If Ry equals
1,000 ohms or-10-, 000 ohms, line 1 and line 2, respectxvely, show
the dynamic characteristics’ of the ‘tube. When the load resistance

Awis many times largerthan the tuberesistance, the changes,which

€

+linear.

”

=

occur in the tube resistance begome u important in relanon to the
total resistance encountered by the current—the change of t\(be re-
sistance is only a sma'll percentage of the total resistance. Because

I L U
o R AL ! been»ducuaqu the diocde itself and have 'as‘sumed that no load was
A R placed in the plate citcuit, such conditions are cw@i stati€¢, Let o
. o . . . us now cons1der a circuit 43 the one shown in f1gure 8. Plate cur- .

Q0 -
the-load resistance does not change with. changmg current, the charac- -

teristic. curve for plate current and plate yoltage becomes essentially
The greater the load resistance, the more linear the dynamic
Lharacteristic, A linéhr dynamic ‘Characteristic is quite desirable
since propornonahty belween plate voltage and plate current is .
assarpds e
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4. TRIODES,
o a. General. The.use of radioand electronic equipment came of age when
a‘cbntrol—grid was interposed between the plate and cathode. Lee DeForest first
' developed the control grid in 1907, and he called the new tube with thfee elements a
triode (fig. 10); In a triode, the functions of the emitter and plate elements remain
the same as in a diode. However, the grid gives the tube femarkable versatility
be'cause the grid allows the triode to control and,amplify the voltages which are im-
pressed across the cathode and grid. The control grid can stqp electron flow almost
. Eomplete ly, or act as a valve controlling the instantaneous value of the current,

.

” “

A
Figure 10. Construction of a triode. -

)

- b. Construction and symbols. The physical makeup of a triode is shown
n fxgure—wz A control grid, construtted as a helical coil of fine wire, is present
between the cathode and plate; otherwise, the construction is quite similar to that of
a diode. Other geometr:cal arrangements are also used, but the differences are not
too great. A triode is indicated on a schematic d'iagram by the symbol shown"in

5

figure 11, .
' "‘P.late

<

-

y { Heafer

o ) Figure 11. Schematic symb8l for a triode.
g atic symb]

-
Al

.
"
a . .

- As is the case for diodes, two triodes may be encased in the same envelope, or a
diode and a ‘triode may be encloged fogether. The element assemblies operate inde-

pendently. fos . L -

v
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&. Voltage suppliess The triode has several associated circuits thal sup-

ply the voltaes required to maintain ihe tube elements at their proper’working poter -

-

ERIC

Aruitoxt provided by Eic:

tials. Two triode tube types and their agsociated voltage supply circuits aré shcwn
in figures 12A and B, The only difference in the two types is that in A the cathorie
(filament) is heated directly by its conndctxon with battery B, while ir figure 12B a
separate heater element 18 utilized, The power sour,;:es" here consist of hattavies A,
B, gnd C wheve the A supply :8 the source that provides current through che neare
element of the tube (or cathode); likewise, the B supp Ysupphes the high-voitag:.
positive potential to the plate; and the C sugo[y makes the grid negative.r&'ative tc
the cathode. The latter relationship is explained in paragraph d. Fzgares 134 ani B
are schematics illustrating and identifying the various volitage suppl e3, Circuit mirey
and extents pertaining to the triode tubes. j}\ - . :

.

/
e .
, i , ) 12 . *
- Figure'l2., Voltage supply circuits for triodes.
L]
. . - .
“ g
. 3
(e}
= .
. .3
~ 3
?
¥ \ ¢ - ‘ﬁ
. | = 8. .
. Fxguro 13 xdennfxcan.on of circuits associated with the trxode. o
F-3
‘3 ‘- N
Yy ™

d. Electrostatic field in a trjode. The effect of vary'ng the grid potentiais
and 1its relatxonshxp to the space charge s shown in figure 14. In these diagrams £
indicates the cathode, P 1s the plate, G 18 the grid (the muw:dual W1T85 ire repre-

sented by the ldrge dots), B depicts the plate power source, and.C the ..egatx.e suonply
to the grad. The tiny dot’s represent-the space charge betweern the catncde ana the
ptate and the arrows indicate the direction of current flow. ®When the cathode of the
triocde reaches its proper operating voltage a so;?ce charge :5 created just 2s in the

diode. The effect df the grid on this space charge 1s the controllmg influenc= on
the current flow. , - B o
t - N o v - . .
. - 7 . Ve
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Figure 14. Efffct of grid potehiiais on the space charge and electric fields in a triode.
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In fig:xre 14A, the grid is at the §'ame potential as the cathode and
the electrostatic field is-ilmost identical to that of the diode. How-

" ever, there is a very slight difference since there 1s a field from

the space charge to the grid,” just as'there is # field from the space
charge to the cathode. In essencethough, we have not altered the
operation much from that of a diode. The spaces between adjacent
wires of the grid allow electrons to.pass through to the plate; how-
ever, some electrons strike the grid even though there is no force
attracting thefn. The electrans striking the grid flow 1n the grid
circuit and'constitute a grid current: So, except for the grid cur-

rent, the action is not much different £rom"t‘hat of a diode.
. ®

Now let us place a negative potential on the grid as shown 1n figure
14B. The presence of a negative chayrge introduces fields orginating
from the grid—these fields~are shown by the arrows between the plats .
and cathode in the drawing. Consider the effects of the newly intro-
ddced fields.  The electrons of the space charge are repelled away
- from the grid and a.fewer number manage to pass through the grid
to the plate. ‘As the grid becomes increasingly negative, the force
of repulsion be‘comes greater and eventually a point 1s reached at
which no current can flow. When no current can flow, the tube is
said to be cut 6ff, Because the grid 1s much closer to the space
charge than the plate, a small voltage change on the gn.d will have
a greater effect on the current flow than an identical voltage change ,
on the plate. Or, we might say, a.small change of grid voltage can,
_produce a large change in electron flow. If a small voltage variation
appears on the grid it will be represented by a large cl;ange in
current flow. ) )

v

The third possibility f6r grid voltage 1§ posifzve. When the grid

goes positive, which is not done too.frequently in most electronic

equipment, the fields are distributed as shown in figire 14C; a_gain
' the arrows indicate fields, Now, the field due to the plate 1s sub-

stantiatly reinforced by the field of the grid. A great number of

electrons phe thus extracted from the space charge and bigh current
Gugh the tube and also through the grid circuit. Such an’
arranggment allows us relatively littye control over the current flow
and consequently 18 not generally used.

From the above discussion, the desirability of a negative charge on
the grid is evident, The negative potential allows control of tube
conduction and amplification of signals presenteq-to the grid. A
pictorial representation of the control action is shown 1n figure 15,
The curves on the left are grid voltages and, those on the right are
the corresponding plate currents. The aumbers such as 3 and 3'

represent identical instants of time in the two circuts. Notice /\\

that an alternating voltage on the grid {fig. 15C) does. not produce
an alternating plate current. Instead, the plate current (fig. 15D)
is a yarying direct current. - The plate current may also be thought
of as the sum of a steady direct current, the cyrrent ilowing when
grid voltag’e 1s zero, and an aiternating current cauged by the
changing grid voltage. The plate current, as in the diode, can
never go negative. Observe also that although the grid voltage may

- vary slowly or quite rapidly, the plate voltage will vary accordingly.

For the most part, the waveform of the plate current will be the same
as that of the grid voltage—the variations which do e1st will be dis-
cussed tater, Since a poasitive grid is undesirable and a varying

o
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‘ o . signal might drive the grid positive, a bias voltage is added to the o
‘ grid as shown in figure 16. If the maximum positive amplitude of
. a sine wave is 3 volts, then a bias voltage of - 3. volts will keep the
T ) grid negative. The bias voltage adds to the signal and causes the l‘
. . ' T grid to vary between -6 volts and 0 volts, Usually the bias willsbe :
. ) somewhat larger than the greatest expected positive peak to allow
the tube to operate on the linear portion of its characteristic. This
. : characterigtic will be explained next ~
’ . * 3 4 , .
/ +30]—= ( PLATE_VOLTAGE ) ‘ : -
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e. Characteristic curves for the triode. The relatzons between th4 various
voltages applisd to the cathode and the effects produced are quite important, tSincé
the interdependence of the variables Renerally cannot be expressed by §xmple ¢qua-
tions, characteristic curves are used to portray the variations’ Tubesd are also de-

. scribed by certain cdnstants. An understanding of the characteristic curves and tube

. constants,is required for later study qf tube applications,” Before studying the tube
parameters, you must bé familiar with the notation used to indicate the various
voltages and currents'.. tudy figure 17 ‘g:anefully. Generally, the capital letters E
and I are used for averdge values while the small letters e and 1 are used for instan-
taneous values. The subscripts denote a particular girggit or element. .

~

P

e - .
I

T leEpp]

Figure 17. Nomenclature of triode circuitss

. ~

. v -
o - P

(1) Static ~E)late-current. grid-voltage characteristic, Theiarrangef .
ment of elements in a triode causes three basic factors to influence
the flow of plate current: emitter temperature, control-grid voltage,
wand plate voltage. The emitter temperature will be 'disregarded

because we assume &hat the ematter 18 operated,at its proper tem-

perature, We ax:e.left with three vagiables: grid voltage, plate
véltage, and plate current.” The thrgiependence of these variables

may be shown°as characteristic curves? Figure 18 shows the .

plate-curre)rft, grid-voltage charatteristics of a typicatl trfode._

Notice that as the grid becomes ¥creasingly positive, the plate -

current increases but only up to a Limit at which the curve levels

"off. The limit, at A, is called the plate-current saturation point. .

Plate-current saturation ogcurs when the plate 1s drawing electrons
as fast As the emitter can produce them. Tungsten filaments allow -
plate-carrent saturation; however, oxide-coated filamehts produce
such copious“electroti emission that the plate neder does collect

all the elgctrons even at high grid voltages. The characteristic
curve starts to drop again at high grid voltages because secondary

* emissgion begins to take place at the platé: also, electrons begin to

< be attracted to the positive grid. <The point &% which the grid vol~

iqge completely stops all plate current is called cut off, 'which,in
figure 18, occurs ai‘-b volts. A family. called the grid family, of
plate-current, gri_d-volta‘ge ‘curves is shown in figure 19. THhe %
family of cuyves provides a great deal more information about tube
operation then an individual curve. The positive region ofgrid
voltiges has been eliminated because grids are udually biased to
assure ‘negative operation. All of the curves have the same gene ral
shape, but each has a different cutoff pomt. Observe that increasing
y the, plate voltage inc‘rea‘hex’;( the negative grid voltage reqﬁired to
' ‘refach cutoff. ¢ s ¥ .

7 Ipn. ' :
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Figure l’§." A typical, static plate-current, grid-veltage cha

k4

°©

60 . : - s
= ' - -
N A )
NS 50 i
N b [, . - Yoy
' P \
i, /’ o ¢ :&’)
< 40 z ,
3 ; 1. %
= - 4 \
] /
z - e 1 -
€ 30 A # - — . .
o $0 / i 8 .
w L$ ;
- NS -
< ~vo - A
- -d I Q . »
T e 7 / - © )
' " / N — N . -
” - 1 = .
e /T - e
6 5 -4 3 2 4 0 | 23 4 85 6 7 8 9 10
. * NEGATIVE GRID VOLTAGE (v-) | POSITIVE GRID VOLTAGE (V4) -

s 1

s triode. &

<
N

racteristic curve for a
-

ot . \
(2) Static plate-current, plate-voltage characteristics. Another im-

° _portant family of curves, the plate family, for the triode is com-
, posed of the plate-current, ‘p‘lat‘e-voltage curves. Figure 20 shows’

such-a set of curves for the 6J5 triode/ The.grid family and the -

plate family display'the same information.but in slightly different

. forms. While the grici family shows plate current for small changes -

of grid-voltage and fixed éhaqges of plate voltage, the plate family _

shows the effects of sm

of grid voltage.

<

all changes%f pl‘at'e voltage and fixgd changes

e

£. Tube coAstants. Both families of.characteristic curves may be used to

determine tube constants. Three primary tube ¢Onstants are used: amplification
factor, a.c. plate resistance, and transconductance.

NS

>

Am Lification factor, ®he ratio of change in plate voltage to chan e
p & g P g g

of control grid voltage while plate current remains unchanged 15

- expression as:

nown as the amplification factor, .We may write the mathematical

v

‘. . u' ;\'Aee , 1_w«constant’ where u = amplification factor
~ an P : ) {a nk.\r’fber without
P Ch units .
- - % \ sey = change in plate
o . 04
- . i A voltage > <
- M .
LI t R = . . Aec = change in grid
.. - . voltage ’
- . ) . ) ! lp = plate curren.t.,
The amplification factor can be Tound easily on the grid family of
N figure 19, Let us find the amplification factor when the grad 1s
R operating near -8 volts., A 50-volt change of-plate voltage (from .
D to C:n fig.~19) 1s produced by a 2. 6-volt change of grid voltage
{from B'to C in fig. "19). Care must be taken that the line BC
represents constant plate current, The amplifigation factor'1s 19.2.
- ) . 0s 98, 6-P17_
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Each change of gnd voltage produces a change of plate voltage 1'9 2
times larger. i

r

Remember that the changes are important, noWthe o
absolute valyes, The value'of u wx.ll be slx-ghtly different for different

» values of the constant ‘plate current. The value of u can be found®
from a plate family graphina similir way, takxng care thata change

of plate current 18 not, included. , N
o i »
.(2) Plate resistance. Both d.c. plate resistanée and a.c. plate resis- .
tance for a triode are defmed identically as for a diode but with the

additional restnctxon that the grid voltage must remain constant,

.‘q Using the ‘curve for any. constant grid voltage in the plate family,

you may. find the d.c. resistance and the a.c. resistance in the
, same ﬁ-]\anner as for the digde. ) a )

c

+{3) T¥anstonductance. Changxng the Plate voltage or the gnd voltage *',
aor both causes changes in plate current. Transconductance, also, .

.+ called mutual conductance’ expresses-the relationship between <
plate current and grid voltage. By definition: o )
LR EN %ib . .
~ g_ < & , e, constant’ ' where g = transconductance ’
* m b . . m -
s . Qe . {mhos) -
c’ . . A.ib = change in plate
; . . current (amps)
. Ae = change in grid
. . voltage (volts) N
e .. . & R ey = plate voltage, :
.. P J— — LI . : s
ﬁ*‘ LIERTN - L . . B t

Given a quantitative interpretation, transcond\ﬁctance 18 the ampere-
L change in plate surrent per, volt-change in grid voltagé. The unit of
-‘,: transconductance ‘is'the mho {ohm spelled backwards). Because the
' mho is a large unit, the umho, 1 x 1076 mho, isncommbonly used.
Either family of curves may be used to find the value of‘transcon- .-
ductance for a tube. Using the platg farmly in figure 20, we witl ¢
. find the transgondiuctance for a constant ‘plate voltage “of 200 volts.
Léatthe grid voltage change from -4 volts to - -6 volts, the corre- -
.. sponding change in plate current (re;nember plate ‘voltage must
;remain at 200 volts) will be frorh 13 ma to 7.7 ma. We then have

-
- N Py .
I3

. N 2

. ai . :
N - : v Bt L0130 -+ ,0077 = ,0053 = ,00265 mho
k3 . é'ec ) b - 4 7 2
*a . ) g'
. i . . ¢ .QRZ, :) .
K « The transconductance of a tube is an impYrtarit tube constant and is-
commonly us&q for comparing tubes. A jube’ with a tranchnductance
J . of 2,500 isa better tube than one with a ranscimductanee of 1,500%
" the higher transconductance tube wxll ive a greater signal/ output
from am 1dentxcal input to the gnd5 . .
l & . . : -
. . ‘t,‘ 2 § . ‘ » . % .
Y . o ' . '
- & o AN ‘
! ‘ 0S 98, 6-P19
\ ) 4 .
. 1 ' )
» 0 43 v
-~ \ -

L




Yy

-

*r

e . 78

*
~,

845 S . .

S 1 E .
IENaNr AV AL |
(14 1/ R ’
0 EVIAW RV
/ / AV AVEEEERE

PLATE CURRENT (MA)
o [
_—
~

s 111/ ALY o °
‘ VSTV EY/N AV avEN
| . AW SN AY/Davivann
1/ Vi A VAL v
|4 A AL LA el .
oy 50 100 0 200 250 300 350 400 450
T PLATE VOLYAGE(V) -
Figure 20. Plate family for & 6J5 triode.. .

14) Relation between tube constants. T ree tube constants which.

we have been discussing are interre ated apd various expreesxons
may be’ derived by combining the' equations given. The nature of
these relationships 18 shown in figure 21. Not:ce the constancy
o'x and the nearly inverse relation Between gm and rp- The oper-
ating voltage applied to a tube will determine the precise values of

each of the constants. .

!1 Dynamic Charalteristics. If a tube/ is to be useful, it must have 2 load
:nats plate circuit as shown in figure 22. The presence of a plate load alters the
static characteristic curves causing new dynamic characteristic curves. Because .
of the load, there are two voltage drops in the plate circuit: one across the load,
and one across the internal resistance of the tube. The sum of thesge two drops must
always equal the value Qf the B supply. When current is flowmg a portion of the B
suppty appears across the load, and the plate voltage 15 reduced

(n, Loadline,* The effett of the load can be predxcted by us:ng a load-
o - line with the static characteristic for the plate famaly. L&t us con-
. sider a 25,000-ohm load in.the plate circuit and a 350-volt B supply
s (fig. 23). At z€ro plate current, no vdltage appedrs across the load,
and the plate voltage is 350 volts’- 0 ma.; thus, 350 yotts 1s cne

. -

v point (y) on our loadline. The maximum current through the plate
. circuit is found by Ohm's iaw, I = E/R; [ = 350/25,990 = 0. 014 ure
14 ma. ; so, 14 ma. and zero volts i1s the second point \, :u ..::3.;31-

line. Connectmg the two points estahlishes our loadline; all variaticen
of current and voltage in the tube will occur alcng this line. [hg
point on the loadline at whxch the grid is biased is known as the

ope ratmg po:nt,
\
’ ' At . ’ ’ -,

n< ar AP0
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3, ‘Construction of the ldadline for a 6J5 triode and a 25,000-ohm !cad.
Dynamic transfer characteristic. The loadline <an now be used to
construct the dynamit characteristic curves of the grid family ts
show the tube performance with a load in the plate circuit. Figure
24 shows how points along the,loadline are transferred to the:r
corresponding location on grid-voltage and plate-current coordi-
nates. For example, point N is 8.9 ma, -2 volts grid voltage, and
130 volts plate voltage, while point N' 1s also located at 8.9 ma,
: -2 volts grid voltage and 130 volts platé voltage, By usirg several
ifferent loads and their corresponding loadlires, a grid family
dynamic transfet characteristic curves may be constructed as
-wn in figure 25, Noticg that the dynamic fransfer characteristic
‘es are much less steep than the static characteristic curves;
ver, the dynamic curves are more linear. As the value of the
1creases, the curves become less steep and more Linear.

‘n

ie amEhfxers. We have talked earller about how the triode *

n. Now we can study the process more closely by using

cteristic for a particular load. Let the characteristic

t the operating conditions for a triode and a particular

roverned by the bias voltage, has been selected so that

put voltage will occur on'the linear portion of the

- 1ly to see ncw the plate-cdgrent vavelorm reproduces
. : . ® output voltage can now bgcalculated from tqe plate

-
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5. MULTIELECTRODE TUBES. Since the principles you have learned up 0
this point are common to miiltielectrode” tubes, our discussionhere will be lirn:ted to
the effects of additional tube elements and the end results of their addition.

a. Screen grid. The screen grid is constructed similar to the control grxd'
‘and is‘piaced between the control grid and the plate; the resulting tube is called 2 .
tetrode, A positive voltage, less though than that of the plate, is placed upon the
screen grid. The location of the screen grid reduces the amount of capacitaace wiajch
is present bctw;en the plate andst_he control grid. Presence of such capacitance altows
a'path for high frequency signal to leak from the plate back to the grid. A typical
plate famjly for the tetrode is shown in figure 27. The irregulazity of the curves wiil
not be explained here. The tetrode, because of the limjted region of linear operation,
high voltage requirements, and secondary emissidn al the plate, is nearly nbsolete

today. .

b., Suppressor grid, By adding another grid between th- scyeen grid and
the plate, we have a pentode (fig. 28) which obviates mest of the difficulizen wilae
tetx:od_e and produces an éxtremely useful tube. The new grid is called the mfe’ssor
grid and has as its function the reduction of secondary ernission at the plate. A low
negative,voltage is placed onthe suppressor (G3) or 1t is connected to the cathode;

electrons which hiave Yeen accelerated by the control grid (Gl) and screen gric {G2)

. : o © 0598, 6-P¥s



easily pass through the suppressor grid, but low speed electrons from secondary
.emission are repelled back into the plate, A plate family of characteristic furves

for a 65§J7, a common pentode, is.sh&wn in figure 29, In general, the a.c) }esistance
may be several hundred times greater than for a triode, the amplification factor may
also be as much as one hundred times greatér than for a triode, transconductances of
pentodes and triodes are comparable. The pentode is ‘one of the most widely used

tubes today. ¢ . .
L 4

\ ]
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Figure 27. [Plate faniily for-a 24A tetrode.
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. ’EXERCISE ’ . | .
A oAy . . ' ‘
~ D ) o {
. ., L4
111. An electron tube can be best compared toa . 3
. * (-] f\ e *
a. .resistor. .
) b. switch. . ¢ .
' c. valve. s . .
. . .-
v 4 N .’ : . . . * + . el
. 112. The most common method of producing a strean of electrdns in'a vacuum tube is' the
i . N . ‘ .
N . ' = e 7 Lo ’
. A a. . cold-cathode emission method. . . - .
‘b. ,secondary emission method. L : . . B
\ c. ‘thermionic emission method. < - '
X . , ) ) .
113,, The digde vacuum tube would be found in which circuit? ' - ’
] .
‘a. Rdéctifier . B ‘ LN
. b. OScillator _ ° ‘ .
> ¢. Mixer ’ ‘ )
. .
114. What js the main purpose of the screen grid? . . .
A Y .
. .a. - Increase amplification factor - ' ‘/\
. .b. Decrease secondary emission i !
N c. Decrease plate to control grid capac\itance ’ . 2
£ -
.’ B ! . ’ N Ny .
. . 115. The formula for alternating circuit plate resistance is . .
: L.
i .
a. r = AK-E . @ >
* P ep . . 7 . [} .
A AeD . ' . ’ ! ) - -0
© b, T = s . - 3 . ,
-, ” P. ‘.»/'A 1 L o 3 M . e
. . . @ d P .
- . ‘Aec . . .
. C. R = ——;— . . 5 -~
e ' A b . .
. . . ° . ¢
. <0 '.,.' 1 ! . ! ‘ M 3 ’
‘ . . N . - S ”
. . o - - 1 1 6 . . . ‘ ’
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116. What causes secondary emission? SR /07
’ a. _Application of heat .
‘ h b, Cold cathode ionization action ' N
. "c. Electron collision .
* - 117, What quantxtxes are required to plot a family of plate current plat voltage (plate
) ' famxly) curves for a trxode" 2 'y 0
. a. Grid resistance, grid voltage, and plate current . -
- - .- b, Plate voltage, plate current, and grid voltage v .
. c. Plate resistaic’e, grid voltage, and plate current, .
. o118l Which is the schematic diagram of a diode vacuum tube? :
) - . -
» b, ‘@' 3 N (4 .
.t \ - \
@ . | d‘r
- - 119, If a triode with a =6 volt bias receives a sine wave on its_grid thatdooks like thid
. - -4_ :
a — .
e, \ . ¢ —%— ",") ,.the grid voltage will vary between .
3 A\ ‘.
L ~ PR o » R
) a. =-6and-1. <
' b, -land-1l,’ . )
- : ¢. Oand-1l. v
. . - E
120. How many grids are.contained in a pgntode tube? LS
. a. -3 * - . ’
’ - v . ‘ o
' b. 4 . on pe
- . . : C. 5 , ®
- il - . . . . 1] '
121. When referring to a vacuum tube circuit the sy-mbol%a" means r .
. . . a, Dbattery potential, ‘ -, ’ .
- », b. external voltage. \ ' . 1 . . . ‘
. . ¢. instantaneous voltage. rot .
Fl - -
by e 122. Current will flow through a diode when the plate >
. * . * - - ¥ . -,
. i .
. a. / potential is ‘equal to the cathode, " "
*b{ is positive compared to the cathode. .
: . is negative compared to the cathode, ' , -
v EIpS C )
- ) ) OSs 98, 6-P27
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123, The operating point on the loadline is thé pint off ‘- . . : °
M : 3 &‘j& “ o $ ° £
N a, gr:'fd bias voltage. . S . ‘wf’g".:'i;i‘; " ] s° c *
b. grid input voltage: ) S t
c.’ plate supply voltage. BEEPI g g ta ‘
1 ) ..a:‘ \ t e °%° ‘ ¥, ) - -
. 124. What pentode fiibe domponent reduces the effect of & erndax;y e.g'nﬁs*on 0 P -
- ) N 20 ‘éfl: . _’I R !
.a. Controk grad SR T v B .
: . . . N AR P
b. Screen grid . . Yoo gn . -
S e id \ AN Frey . | ~
——a c. upressor gri . e @?Q'%‘“}, L s w
- [ - ‘ Q.
125. What element in a t:ube permits certain vacuum tubea t& 99;5’301 and v.ru*--L, wTitegos
. -9 % ks 4 i L4 . ,
’ o - Rl ) . * *x
a.’ Cathode * ?éq- AR oL =
. b, Cé¢ntrol grid ) .;'fwg - * ‘
. ¢. Filament - e $ )
‘. - .- . ! B - »o
126, What valu€ of grid voltage reduces plate current to zera? REEY .
L) . ' : . ’ =, ! <
: 4 e ) ) .
.a. Zero . @ v ) ", a ’
b,~ Negative 5 volts. . - . - * "' .
) _«.C. Gutoff <0 > e Tt L
* s . B . B
127. To determme the loadline for a vacuum tube you would need a set of gtazic curver -
, for the tube type, the value of the load resxstor and ‘the b . )
. a. grid bias voltage. . £ e s T
- “ﬂ b. plate resistance.”, . * g
L c. plate supply volage. . ) ? *
] . A
128. The symbol for transconductance is gm; its unit,of méasure is . -
' a. mhos, * . . - i - e 7#‘
) b. farads. . N :
: ¢. ohms. . “w . L. ’
) - .

129, What is the approx:tmate difference in values between the allerqaumg surrent plagz
- resistance and the direct current plate res1stance”

az 3/4 ]
b. 2/3
c. 1/2 .

120. ,When the diode¢ load resistance is increased, the dynamlc cha:

more
"
a. erratic, . .
b. linedr..
¢. nonlinear.
k)
o™~

X

. A output for equal input signals”? , .
’ — Sa. 4;500 ' ‘ et -
T . b.t 3,000 -1 '
c. 2,000 ¢ 8 Lo L
' - T . 0S 98. 6-P28  °
- "\1 A * . ’
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132, "Which two vacuum tube constants have a nearly inverse'{elaﬁ’d'nsﬁip to'each other?

a.
b.
c.

gm and rp
rp and u
u and gm

.

Y

Ll

‘

o

W44

133. If the vacuum tube in a circuit is completely cut off (nonconducting), the voltage ,
measured from the plate to ground whuld be A
e . , \
a. Ebb - ec. '
b. Ebb,-. . i -,
‘., Ebb Ecc ¢ . \ .
134 What is defined s the ratio of plate voltage change to ‘control grid voltage change A
while plate current remains unchanged? "~ = v .
- . . . .
1 ~ -
a. Amplification factor o -
b. Plate resistance - . .
c. Mutual conductance AN . c
’ ’ o .. s 4
135, The spacte charge density in a diode vacuum tube/is greatest near the ° v
a. cathode. - . ’ \ .
. b. , getter. . <y
c. base. - }
o, - P
e .
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Lesson Objective .. . . .+ . . .. ... After studying this lesson you will-be able to:

1. Describe the ¢onstruction and operation

© ’ of transistors. - ©
- ’ . . . 2. Describe the charatcteristics of transistor.é
2 ' . . " and their comparison with vacuum tubes.
- ; ' 7
© . : 3., Describe the construction of graphs used
to determine the characteristi¢s of trans-
. R ‘ istors. .
‘ 4.  Describe procedures-used in testing and
_ . replacement of transistors. [
A <
Text . . + o « o o o« « o o « o « s« « .+ + Attached Memorandum
Materials Required .. . . .4 o« e e . I\{?ne . ’
) -
“Suggestions. . . . . . . ¢ . . S . .. . None
; STUDY GUIDE AND ATTACHED MEMORANDUM °
. N . 3
*\ 1. INTRODUCTION. P v ) e
: a .

a, General. The use of transistors in electronic equipment increases with éach .
passing day. They are rapidly replacing electron (vacuum) tubes in both‘cc\ammercial and
military equipment. ‘ e \ :
. b. Fundarnenfals. Fundamentally, the transistor is a valve which controls the
~ flow of current carriers (electrical charges in motion) through the semiconductor crystal
s material of which it is made. As the current carriers pass through the transistor they are

controlled as easily as if the same current carriers were passing through an electron tube
(which the British actually call a valve). The transistor's ability to control current carriers
and their associated voltages makes it potentially the most useful sip%}e element in modern
electronic equipment.

£

- 2. - HISTORY. .
" a. Crystal rectifier. The first use of a crystal semiconductor as a rectifi
- (d€tector) was in the early days of radip. A crystal was clamped in a 8mall cup or réecqp-
b tacle and a flexible wire (cat-whisker) made light contact with the crystal. Tuning of th
: - ( oS 98, 7-P ‘
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receiver was accomphshed by operating the ad;ustmg arm until the ca*-wh-skeA was posi-
t1oned on a spot of the crystal that resulted in sox.nd bemg received in 2 set of ear ‘phones
Tuing a variable capacitor provided maximum s1gnal although f{requent aa;ust'n:rt of th: ~
cat-whisker contact point was usually necessary. . | - -

b. Point contact d1ode (fig. 1), Roint ¢ontalt ﬁodes (germanium rectifiexs) wur.
used durmg World War II for radar and other high frequency applications replacing eiect”
tube diades. The point contact divde has a very low s unt capacitance and dcec x%t requlr

heater power; these properties provide a definite advantage over the electron tu dicce.
is identical in principle with the crystal rectifier mentioned previously and conrsists ofa
semiconductor, a metal base, and a mesallic pomt contact. The conngctions to the po1at

\

contact diode are an external lead welded to the metallic point contact, and an e.terzal oo
welded to the metal base.

c.. Point contact transistor (fig. 2).' The development of t}'e point cewtact tran.-
istor was announced in 1948. The physical construction is similar’ to that of the poinr-ccun-
tact diode except that there is an additional lead with a metallic polnt c@htact on the sem.

_conductor. One lead is called an emitter lead, the other a collector lqad. Whnen the two

metallic points are properly biased with respect to the metal base, the point contact trans-
istor is capable of producing a power gain. .

d. Junction diode (fig. 3). The development of the junction diode’ was anrounced
in 1949, It consists of a junction betw€en two dissimilar sections of semiconductor miate-

rial, one section of which, because of its characteristics, is called a P-type semiconductor.

The connections consist of a lead to the P-type semiconductor and a lead to the Netyme
semiconductor. The junction diode handles larger amounts of power thar the peint contact

diode, but it also has a larger shunt capacitance. "
1

. &. Junction transistor (fig. 4). The development of the junction transistor was
annotnced concurrently with the development of the junction diode. The transistor cousiuts
of two PN junctions and its opgration is imildr to that of the point contact<transistor. The
junction transistor permits more accurate prediction of circuit performance, has a lower
signal-to-noise ratio, and is capable of handling more power than the point contact trars-
istog.

23> TRANSISTOR FUNCTIONS.

a. Amplification. The transistor may be used as a current, voltage, or power

- amplifier. For instance, a stronger signal current may be obtained from a.trarsistor than
P Yy

is fed into it. A signal of 1 milliampere.fed into the Mput circuit of the transistor may
appear as 20 milliarnperes at its output. Various circuit arrangements prowde for various
amounts of signal amplification. . . o' -

2

b. Cscﬂlatmn. The transistor may be used to convert direct-current energy into

alter natmg current; i. el, it.upay be used as an oscillator. When functioning in this manner '

the transistor draws energy from a d. c. source and, in con}unctwn with a su:t;ble cireult
arrangement, generates an a. c. voltage. .

- c. Modulation and demiodulation. The transistor used in various circuit arrange-
ments,ean provide amplitude modulation (var1atxon in amplitude of an AF signal) cr fre-
“ quency modulation {variation in frequency of an RF signal). uemgdnlatmﬁ (dstection) of
amphtude -modulated or frequency-modulated signals may be ac mp.ished with transistors.
These circuits are well suited for miniature: transm1tter° intend§d for sbo*t range apeliza~
tions, : '

v - .

.d. Miscellaneous. The trans1sto%may also be used,to modify the shape of signal
waveforms. Waveform shaping is vital in various types of radar, teletypewriter, computer,
and television circuits. Theuse_of transistors increases the payloads of today's guided
missiles and satellites because they permit smaller and lighter cipcuitry.

’ . . -
9
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. 4. COMPARISON WITH ELECTRON TUBES. - | ) . Co :

L - . - . &
. o e .a)f Effi€ienay aﬁd\voltage requirements. The transistor power efficiency
is greater than that of-the electron tube because the transistor does not requirég ,
warmup tim;e'. and it'doés not require a large d.c. voltage to operate. ' Other -
dvantages of the transistor’are its useful life, its.noise level, and its size'and -~ . .
" cénstruction. " e ’ ' . ¢ ) N .
. . . . » - :'g;, ;{ » " s . .
i b/  Useful life, Life expectancy-is a very important consideration in the C L
- - .. application of any eleétronic device. A transistor that is hermetically :;eafed in
glass or metal, will with'stand & variety of situations that an electron tube cannot LR
o withstand.. For example, a transistor, &ven though it is immersed in water wall ., ’ ?
operate for long periods of time with very little noticeable effect on 1ts opera'tin% —-
£re€qm., It also will withstand cent¥ifugal forcg’, gravity, angd impact tests that’ T
- .. ~would comé‘ietel'y, shatter agt-el'qfttron tubé & ‘Although transistors aye a comparativgly )
’ new development and complete data-on their life éxpectancy are notfyet available, it

v has been estimated that they car}-o’p'efgte continuously for approximatgly 8 years, a B
. 3 Pl . .. . . > o~ : B
. time-fyuch greater than the hfe‘9fthe averageselectron tube. o- o -
- e . st 1

» . . i

v LT
-
;

o

- . '_c_:_. Noise-level. The noise le'vgt!f/.o'fr‘.é’ transistor is approximately 20db
v o o . " {decibles), with a frequency input of 1, 000" cyéles per.second. In comparisen, the - ' - .
‘average electron tybe has a lower noisé level for the same frequercy input:s When a ~ . ) '
L » _transistor is t}’ggd' with a}'xighe; frequency inpx:{, the ,rggisé leve};becom‘es considerably '?é;“.‘ .
CEge vt leper. DT e dh w00 T R R Ty 2T
. %7 % . » 4, size and construction. .'A’pbugei' gn;plifi_er gi"éc;.rion tuBe:?s showh in “{,_)
o ' figure 5A, and a power amplifier transistor is shown in’ figure 5B. ‘Thg coﬁ:sf;i':}mtiéri“' i M
-~ of-th¥ electron tube permits efficient digsipation of heat. Although thé transjstor, " . S

must,also dissipate-heat,‘the size is notiCeably smaller. The flange-type condtrucs’ N
[ % tion of the transistor cover provides heat dissipation. .In spmie cases-asspecial )

metallic heat dissipator must be used. A medium power eléctron tube :and a.gnediym
A c powe'r trangistbr are shown respectively in C and D, figure :: Note that the .con- ; ,
D struction 'of the électron tube is much larger than that of the transister. Adminiature * .
Te ot e\jctron tube dnd a miniature.transistor are shown in E and F of figure 5. The con-
st

uction of the electron tube'is again much larger than thet tra:

d

. -

d‘.:(;(!
?
- FY

T . nsistor. Notice that “'a
Dha of the power trangistor (fig, 5B) is sialler than the miniature ele¢tron tube (fig. SE).
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e.. Special circuit components for use with transistors. The lower current

and voltage requirements of transistors simplify the problems encountered in
miniaturization of components. Transformers, capacitors, and resistors-may be
miniaturized as shown in the right column of figure 6. The use of printed circuit
board {not shown) eliminates all connecting wires and helps make transistor circuits

more compact.

e -
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CIRCUIT PARTS
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5. TRANSISTOR MATERTAL.
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Figure 6. Circuit components used with transistors and electron tubes.

: a. Semiconductors.’ The secret to the almost magic operation of
transistors lies in the crystal material’from which théy are made. .The trystals are

, called semiconductors because they have a higher resistance than ordinary conductors
and a lower resistancé than ordinary insulhtors like rubber

like copper or aluminum,
or plastic.

The resistance of the crystal material is_somewhere between that of the

conductor and.insulator; thus, transistors are called-semiconductor devices. |
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]

s

. -0S 98, 7-P6.

.

-



. a9

a

and silicon are used in transistors. Before use, the materials are specially refined
into as pure a state ds possible, then, the pure crystal is carefully contaminated by
the addition of selected elements to give it the desired characteristics.

C.

N-type semiconductors.

(1)

(2)

A crystal becomes an N-type during the treating process after being
refined. In this process, an element such as phosphorous or
arsenic is mixed into the germanium or silicon crystal. "These

elements ‘are called N-type inipurities bécause they give the crystals ‘

a majority of negative charges.

Figure 7 shows a magnified view of an erhitter‘c'rystal.r‘emoved i
from an NPN transistor. You can see that the crystal contains
several plus and minus signs representing electrical charges. It's
easy to see that there are more negative charges than positive
charges. For ‘hat reason crystals of this type are called N-type,
the N, of course)\ meaning negative.

», Co 5

-~

LTy

3] ’
Figure 7. Looking inside thé emitter crystal.

2 1

d. ’P-type sermmconductors, s

)y You Xrrow that irnpurnies are used to charge N-type crystals. Wb .

-~
4

¢

(2)

Yhe same thing is true for P-type crystals and the irmpurities
needed are elements that give the crystals positive charges. The
P type impusities are uswally aluminum or indium.

-Taking the base section from the transistor and magnifying it

(fig. 8) shows that the base crystal also’hds negative charges. But
you can see that the base charges are different thaqn those in the

. emitter for the Lase has a ‘majority of positive charges and a;

minority of negative charges. Therefore, the-base crystalis a
P-type, the P, of course, stinding for positive.. 1

LN . . -

R}

- S .
b. Processing. Special semiconductor crystal materials such as germanium k//f
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. Figure 8. Looking inside the BASE crystal.

e. Two main types of transistors.

(1) The crystal combination we have been discussing so far is qélled
an NPN transistor because it consists of a P-type crystal sand-
N wiched between two N-type crystals (fig. 9A). . o

* (2) - Thexre is another crystal arrangement used in tx;ansistor‘s consisting’

. of an N-type crystal sandwiched between two P-type crystals.
It is termed the PNP transistor (fig. 9B) and has a rgajority of
negative charges in the base section and a majority of posttive
charges in the emitter and collector crystals. - -

L]

0 CHARGéS INSIDE NPN TRANSISTORS @ CHARGES INSIDE PNP TRANSISTORS

Figure 9. Looking at the NPN transistor. .

» [}

6. ELECTRICAL CHARGES.INSIDE A SEMICONDUCTOR.

a., Negative and positive charges. The charges you’have seen in the
preced-ng types of transistors have other names beside negative and positive. They
are commonly called electrons and holes; electrons are the negative charges, and
holes are the positive charges. Y .

4

.
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‘b. Holes. ' The 1dea}£ considering a hole as a positive charge may seem
very strange if you haven't lieard'it before. But the idea is reasonable if you consider
a negative charge as something that haa many electrons, and a positive charge as
something that is lacking electrons. You always have thought of an electronas a
negative charge. Now the engineers want us to think of a poaitive charge as a space
that is missing an electron. This space then, because it is n}issing‘an electron, is
called a hole. : : - .

© 7. ELECTRON-HOLE MOVEMENT. _ -

a.. General. To sunphfy your understandmg of the electron-hole structure
of transistors, think of thetransistor as a nhree section egg crate; figure 10
illustrates this comparison. In £1gure 104 you see an NPN transistor and the three-
section egg crate. Consider the eggs as electrons {N-type charges) and the empty
spaces as holes (P-type charges) Notice that the two N- -type sections have a lot of
eggs (electrons), but very few holes. The P-type section in the middle is just the
opposite, it has many holes but very f.ew electrons.

[
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Figure 10. Comi:aring a transistor with an.egg cra.te.

b. Movement of charge__. Now if someone takes aeveral eggs from the
N-section (emitter) and-places them"in the P-section (base) as'in figure 10B, what
happens? Well, as you can see in figure 10C, moving the eggs from emitter to base
has increased the number of holes in the eniitter and reduced the number of -holes in
the base. So, in effect, what has happened is this:

¥ . ¢
(1) Electrons have moved from emitter to base.

(2) Holes have rhoved from base to emitter. .

<. Purg'ose. The purpose of this comparigon is to make sure you realize
that holes and electrons move in a transxgtor ir opposite directipns. In the explana-
tions that follow keep the egg crate idea in mind and it will bé easier to see how the

holes and electrons move. ..

>
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8. ELECTRON AND HOLE MOVEMENT IN A SINGLE CRYSTAL

a. Rggulsmn and attraction.” The old law of like eharges repellmg sach .
. other and . opposite charges attracting each other applies to electrons and holes.
' Figure l1A shows how electrons and holes obey this law when a battery is connected
across an N- -type transistor crystal R;emember that the single crystal is like one -t
section of the egg crate. ' "

’

'(l‘) Figure 11B shows that electrons (negative charges) are attracted4
.- the positive termanal and flow into the battery. .

(2) For every electron that lekves the crystal, another’electron enters ’
from the negative terminal of the battery (fig. 11C).

(3) Each electron that goes into the bat\tery leaves a hole (positive
charge) behind it (fig. 11D). The holés left behind and all other
holes in the crystal are attracted to the negative terminal. .These
holes do not flow into the battery —they move only inside the crystal.

- (4) As the holes arrive (fig. 11E) they are refilled by electrons comﬁ:g
. “  into the crystal from the negative terminal. In other words, for
- every electron that leaves the crystal, another electron enters the
hole left behind. The total number of electrons flowing determines . '
o . the ,amount'oi current flow. .

-

/
-,
. +
L]
. : -
¢ - . . b
| o . . 5 : -~ . '
Figute 11. How charges move 1n single crystal.
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Reversing the battery.

(.1). Reversing the battery as in figure 12 reverses the direction of
movement of holes, and electrons in the crystal. . The e}ectrons,
of course, still move toward- the positive termmal and holes move
toward the negative terminal. ’

Reversing the battery, however, does not have any effect on the #
amount of current flowing in the circuit. This is a very important
point in your study of transistors. Remember if you reverse the
voltage connectedrdcross a single semiconductor cryst.a.l the arhount
of current ﬂowmg does not change. It is only when you use two or
more crystals tégether that you get a current-controlling effect.

»
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"Figure 12. Reversing battery.
L

9. RELATIONSHIP OF TRANSISTORS AND DIODES. .

&

a. As you know a transistor has three semiconductor elements:. emitter,
base, and collector. All transistors have the sazl;e three elements whether they !
are NPN-type or PNP-type. To see just how these semiconductor elements control
current, we'll cut the transistor in hdlf and consider the action of each half separately.
Then '11 bring the two halves together again and apply what we have learned to the
comp}eze transistor. ‘-

’ .
!

b.. Figure 13 shows an NPN transistor cut-in half. Each half forms a
crystal diode. Inother words, each half can control current just like a diode.tube.
Notice that each diode section consists of an N=type and P- -type cryséal You know
that the N-type hds a negative majority charge (more electrons) and the P-type has a
positive majority charge (more holes). It's this difference in majority charges that
makes a crystal diode act as a oneway current device. Connectmg a battery across
each crystal diode sh?'ws the current controlling action.

N 8 .

10. BIAS. . »

.. a. General, Connecting a battery across a diode one way causes the
current to flow easily; reversing the battery connection makes the diode act like an
open circuit to current flow. The two ways you can connect a battery across a
crystal diode-are referred to as forward and reverse b1as, respectively. - .

-
.

b. v Forward bias (fig. 13A).. Connect the negatwe battery terminal to the
N- crystal and the positiveterminal to the P-crystal; this makes the diode act like a
short’ ctrcun allowing high current flow. . , .

LI
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: N .11. MOVEMENT OF CHARGES IN A DIODE, / ' )
L] . »

- ' - a. General. When a batt ry is connected to a diode the charge ‘movement
obeys the law of attrdction dnd repulsion. *Electrons inside the crystal are repelled
from the negative voltage termifial and attracted to the positive voltage terminal.” -
Holes inside the crystal are repelled from the positive voltage terminal and attracted
to the negative voltage tefminal,

i~ v - . . . . ,
. \ b, Forward biased diodes {fig. 14).: Thé negative voltage pushes electrons
T in the N-area toward the P-area and the positive voltage pushes holes in the P-area
R toward the N-area. Because of the force applied by thétvoltage source he electrons
and holes penetrate the junction between the two crystals. Electrons getting through to
the P-area are guickly attracted to the positive voltage and move through'the conductor
. to the battery. Every electron that moves out of the crystal leaves a hole behind; ¢
) the positive voltage then pushes these holes into the N-area. The holes getting into
the N-arey are attracted to the negafive voltage; electrons from the battery fill these

T * ' holes aisriving:at th'e negdtive voltage side. Notice that for every electron leaving )
oo the crystal, another one.moves into the crystal. Also notice that the movement of .
- % chirges which make up the current flow consists of majority charges—-not minority .
. . ‘charges, . ¢ T
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o \ i ] . \ Figure 14. Forward biaséd diode.. ' .

’ c. Revers'e biased diodes. Remember the battery connections are now )
just the opposite of a forward biased diode; observe figure 15. The negat'ive“
minority charges (electrons) in the P-area gre pushed through the Juncnon to, the -
N-area, while the majority positive charges (holes) are held in the P‘-grea by the

% applied negative battery potential. The positive minority charges (holes) in the
N-area are forced to penetrate the junction into the P-area; while the majority
negative charges (electrons) are held in the N-area by the positive battery voltage, . -
The electrons forced into the N-area are attracted by the positive voltage; the few
electrons that leave t} crystal leave a few holes behind. Since only a few electrons i
have left the crystal, only a few can enter the crystal from the negative voltage side
to fill the holes., Thus we have only a very small current ﬂow, so small in fact it
generally is consxdered to be zero. . ) 2 . ‘ B
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- - . « & Summary. The ma)onty chargeg move in a forward bxased diode .afd, :
. » dince there are many of these a large current can flow. The minority charge ove
-irf a reve?se biased diode and sinc€ there are only & few of these char‘ges only a vei‘y .
small current can flow —for our purposes zero current. . . .. o ¥, v R
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12. TRANSISTORS. )

a. Assembling diodes into atransistor. Putting the' forward and rgverse
biased diodes back info the transistor, as infigure 16, we notice that the emitter to
base (NP) diode section is forward biased and the base to collector (PN) dicde section
is reverse biased. Transistoxs are always biased this way except for special circurs
applications. This bias method is‘used for both NPN and PNP transistors (fig. 7).
The proper bdlttery connections can easily be determined by adding another alternate
lette ‘to_the gransistor type (for example NPNE or-PNP_I\_I). The last letter gives the
polarity of voltage,apphied to the collector. The emitter 1s at the opposite potential.
with fhe base very close to it, but generally not quite as extreme.

.
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Figure 16. Putting the diodes back 1nto the transistor.
v o . .

EMITTER  BASE COLLECTOR '
YY1

EMITTER BASg COLLECTOR

Pos Neo Pos Pos Nes Pos Nes

W= i = =
REVERSE: BIAS

| :
FORWARD: plaS R REVERSE. BIAS

N[N - PINP

o N a ‘ ' . -
! Figure 17. Bias methods for NPN and PNP transistors. ,
3
: f
L)
v
nn ., © $
, 133
%
- . . L3
. ° 0S 38, 7-Pl4
v, - - B i N -
) . b « i ¢ R hd
&




-
\
.

b. How the charges move in an NPN transistor. Cofps1der the action of the
NPN transistor shown in figure 18. The transistor is currently biased with the forward
bias on the emitter-to-base junction and reverse bias on the ba_s;;t.oécollector junction.
4

(1) The bias voltage on the emitter-to-base Junctaon causes electrons
(N-type majority charges) in the_emitter cryétal to- move toward.
the base crystal. The'base is 4 much thinner {about 0.001 inch)
crystal than either the emittef or "collector crystals Therefore,

" since the electrons are movjfng at a tremendous rate of speed, most
of them {actually about 95-9% percent) pass through the thin base
crystal and go to the collecto The few electrons (from 1to 5
percent) that do not penetrate the base are attracted to the positive -
_voltage on the base. These few e¥gctrons cayfse a very small base
current flow,

®

oM (LICTAONS GO TO 84SL
EMITTER . COLLECTOR
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Figure 18. Mov e et of charges in NPN transis@tdr.
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(2) The great number of electrons that go to the collector are attracted
tp the positive terminal of the battery’. These electrons leave the '
collector and enter the battery causifig collector current flow.

Every electron that moves out of the collector leaves a hole behind
it;and these are forced in the opposite direction by the positive
collector voltage. These holes penetrate the thin base crystaland
go to the emitter, For every hole that xgaches the emitter, another
electron goes to the collector.

This gives you an idea of the curren't-”controlling‘ action of an NPN
transistor, of which the most important thing to remember is that
the forward bias (connected across the emitter and base) controls
the amount of collector current flow. In other words, if you make
the base more positive, collector current rises. If you make the
base less positive, collector current drops. A little later in this
lesson you will see how a weak signal voltage can be used to control
the forward bias voltage and thus'®roduce an amphﬁed signal in

the collector circuit. ¥

¢. Moyement of charges in a PNP trans1stor The p;'inciples of operation
for the NPN and PNP transistors are basigallyiie same. The only differences
result from the crystal arrangements (fig. 19)., =

-
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(1) Forward bias voltage on the emitter-to-base causes holes
(majority P-type charges) to move toward the base. Most of the
holes penetrate the base crystal and entg the collector area.
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Fxgure 19, Movement of charé in PNP transxstor -

‘
.

" {2) As the hcles arrive in the collector area they are filled by electrons
coming from the negatwe collector voltage. These electrons pass
through the thin base crystal and go to thg emitter, There are ’
also a few ele‘ctrons from the negative base voltage that fill ‘the few
holes that didn't get 'from ther gmitter to collec;of T

All the electrons that go to the erpitter are Attracted to the positive
< emjtter voltage and flow. into the battery, Every electron that
" ‘movés out of the emitter leaves a hole behind, All.the holes left
behind ‘move from the emitter, through the base, to the collector,
Al

. . .
d.- Summary. Cufrrent flows th¥ough an NPN transistor from 'emitter to
collector, but from collector to emitter in a PNP tfansistor, Electrons constitute’
the main current through an NPN transistor, whilerholes are the main current-carrier
in the §NP transistor. Therefore, a negati#e voltage‘on the base of an NPN transistor .
* will _3_39_2 op current flow {shut the transistors) f), -but a PNP transistor will require a .
positive v01tage to halt the hole flow, thu¥ stopping current flow in the circuit.

N
13. TRANSISTOR SYMBOLS. ° & ;

a. Symbols, Figure 20 shows”the two schematic symbols used for
transistors—one is used for the NPN and the other for the PNP transistor. Both. .
symbols show the emitter, base, and collector.. The collector and emitter are drawn
at an angle to the base in both symbols. But notice, the emitter is determmed by the
use of an arrow, The collector doesn't have an arrow.

- 1-13
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COLLECTOR

% COLLECTOR

.
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Fxg'ure 20.’ Transistor symbols. ) .
b, NPNor PNP. The direction of the emitter arréw ‘indicates whether .
- 1it's an Nﬁ%r a PNP t@nsxstor. Notice that the. emitter arrow points away from < ’ -
the base e NPN transistor, but toward the t};se in the PNP transistor. Remembgr
that the ¢matter arrow always points away from the direction of current flow and you or
will have no trouble determimng if the symbol represents an NPN or a PNP transistor, - .
Another {(pay to a,ssocxate the proper symbol with the correct transistor is to remember. ~ - ,
NPN (NP) arrow does NOT POINT to the base; PNP (P) arrow"DOES POINT to t.he
base (fig., 20), . :

14, TRANSISTOR CIRCUIT. ‘. - \ ’ L

a. Basic transistor and vacuum tube ' circuits., The three basic.transistor *
.circuit arrangements are very similar to common vacuum tube cuwrcuitss Notice .
that the phase relanénshxp of input and soutput signals 1s the same for the transistor , >
c1rcu1ts and their equivalent vacuum tube circuits, The input and output signals-are. ) ) _
180° out of phase only in the common emitter”and cgmmon cathode circuits, \The other . .
cxrcuxts have the same phase relationship between xf;put "and ourput {fig. 21). o oYL J

. . . . o .
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Figure 21, Comparing basic transfstor and vacuuim tube circuit arrangem% ¥ . .
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. *  (3) Bias voltagesva're only’O. 1 volt for the transistors and 3 volts for
* g the vacuum tubes., “ . .

.

- (4) Finally, the amount of current that flows in transistors (NPN in
this example) is confrolled by the base-to-emitter voltage. In
vacuum tubes it is the grid-to-cathode voltage that determines how
fuch current flows. .

"Note. -—To show you&ﬁow'each of these three ecircuits works, we will discuss
each one separately. We will use the same transistor circuits we have been

"discussing (fig. 22). ,But instead of using a signal generator directly in series
with. the bias voltage, we will use a transformer couplihg (fig. 23). . That way
the transformer secondary acts like a signal generator in series with the bias
voltage. The circuits that we will ‘discuss use NPN transistors. Should we wish
to use PNP transistors it would.merely be necessary to reverse’the polarities
of the batteries. Remember, in the case of a PNP transistor, current flows
from collector to emitter not !rom em1t;er to collector as in the NPN.

15, HOW THE COMMON EMITTER WORKS

s

2. Reverse bias connection. Looking at figure 23, the first thmg you
probably wonder 1s—Kow do you get reverse bias from basé-to- collector if the
battery 1sn't ‘connected to the base? Actually the collector battery does connect to

‘the base through the 0. l-volt battery. In other words, the difference in voltage
between the base and collector is & volts minus 0.1 volt, which equals 5.9 volts.
This means that the base is at a negative 5 9 volts as compared to the collector —
this is reverse bias. .

b. . No input. Before the signa}.is applied the positive 0.1 volts on the
base causes current to flow toward the base.. As you know, most of the current goes
to the collector and very little gets to the base. Current flow in the collector output
circuit causes voltage to develop across the output whxch is taken across the collector
and emitter as shown. : .

1 ¥
. 1( —0 *  AMPLIFIED
- t INPUT * N QUTPUT
) SIGNAL . SIGNAL
* . . ¢
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Figure 23. How the common-emitte cuit works. -
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c. Positive input. As the inp}t signal rises in the positive direction, Yhe
signal vo-l-i:age adds to the +0. 1-volt battery Wgher positive voltage makes
the transistor conduct more, causing the collector current to rise. Higher collector
current means that the output voltage drops, thus providing a negative output signal
alternation. (The reason the output voltage drops when collector current increases
is‘the same as for vacuum tubes—a rise in plate current always causes a drop in
output voltage when the output is taken acro ss plate and cathode.)

* d. Negat‘&re input. When the input signal drops in the negative direction,
the sngnal vcltage subtracts from the 0. 1-volt battery voltage. This makes the base
less positive compared to the emitter, so less electrons move Irom the emitter to
the collector. Therefore the collector current drops. A drogin collector output
current causes the output voltage to rise, thus prov1dmg the positive alternation of

the output 51gnal . ) ,
e. Output, Notice that the amplified output signal is 180° out of phase
with the input signal. -~ . e . '
16. HOW THE COMMON BASE CIRCUIT WORKS. . .

a.- Reverse bias connectxons. in the common ﬁase circuit (flg 24) you
can see that the reverse bias is not a problem. The negative side of the collector
battery goes directly to the base and the positiver side of the battery goes to the
collector through the load resistor. . .

b. No input. Beiore a signal is applied, the tranststor operates with only
0. 1-volt forward bias. The.amount of current that flows is the same as in the

Q

common:emitter circuit. - ) . .

INPUT
SIGNAL

AV | :

How the common-base circuit works®

Figure 24.

<. Positive input. The posuﬂre input altetnation subtracts the 0.1- volt
battery voltage making the emitter less negative and causing the transistor to conduct
less. This causes a risé'in the collector output voltage, thus providing a positive

alternation, . . -

d. Negative input. The negative input alternation adds to the 0. l-volt.
battery voltag:e making the emitter more negative and causing the transiaicr to
conduct more.  This causes a dfop in the collector output voltage, thus producing
the negative output alternation. - .
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Output. Notice that the amplified collector o t is in phas ith t ;
tp P d . ‘utpu r P e with the

A,
LG

e:
input signal.

17. HOW THE COMMON COLLECTOR CIRCUIT WORKS.

a. Reverse bias connections. Notig:_”e in the common collector circuit
dfig. 25).that the raverse bias is obtained in the same way as in the common emitter
circuit; again it is through the 0, 1-volt battery making the reverse bias 5.9 volts.

b. N’; input. Before a signal is applied, the transistor opefates with only
8 0, l-volt forward bias, just as.ingthe two prewvious cases.

£. Positive input. . During the positive input alfernation the forward bias
voltage increases. This causes the transistor to conduct more. The current through
" the emitter (res. load) causes a positive output voltage rise. :

T d. Neg_ative inguz. On the negative ihput alterrg'aticm the forward bias

decreases. Less current flows through the emitter (res. load) causing a negative
output voltage. ° :
L)

e *  e. Qutput. In the common collector-circuit the output signal is less. >
’ xf,; " ~{slightly) than the input signal and the output and input signals are in phase.
. “ -2, } . . .

‘ s'a”‘L ) ' 60'}"07 ‘
f\] N ]'(—‘—O . SIGNAL .
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Ly -T L S
’ v -y o

= Figure 25. How the common-collector circuit works.
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18. HOW TRANSISTORS AMPLIFY, - ° ;
a. Base-to-emitter voltage. So far you've seen how a change in base-tas
', emitter voltage causes a change in collector current. This is the key to transistor
. amplification. A very small change in __infmt signal voltgge causes a great change.in
collector current. The change in collector current then causes a change in output
. ) ‘vol'tage across the collector output circuit., The output voltage change is much greater
. . » than the input change so gou have amplification., o
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b. Determining voltage gain. ‘Now let's use some actual values an‘d you'll
be able to get a clearer idea of what happens. Suppose we have a 0. l-volt input ’
signal, as shown in figure 26, causing a 0.001 amp (1 ma) changecin the ¢ollector
current. 1If the load resistance is 5,000 ohms, we carmr find the output voltage-by
applying Ohm's law (E =1 % Rj. Multiplying 0.001 x 5,000 gives 5 volts
(E=1xR =.001x5,000=5V); therefore; the amplified output signal is 5 volts. To
find out how much voltage gain the ¢ircuit provides, dwzde the 5-volt output by the
0.1l-volt input; i.e., 1gam g::t = -0—5—1- = 50. The answer is 50, so this‘circuit provide

a.voltage gain of 50. |

4

- €. Summary. You see, therefore, that transistor amplificati nis not much
different than vacuum tube amplfication. In a tube, it's a change in grz}-to cathode
voltage causmg a change in plate current that gives amplification. In a’transistor

ét is a change in base-to-emitter voltage causing a.change in collector current tha:
oes it.

19. SELF-BIAS. ' .

ss - a Bias batteries. You may be wondering how 1t is possible to have a
forward bjas battery as stall as 0.1 volt, Actually, we don't use batteries this
small hecause tHey are not available. Instead, we use conventional batteries such
as the 1. 5 -volt, 6-volt, or even 22.5-volt typgs to get the 0.1 volt we need.

b. Forward las. We get the low forward bias voltage by using the voltage
drop across the emitter-to- ‘bage resistance. Less then 10 percent of the emitter  »
current flows into the base circuits. This amount's to about 0.0001 amp. {. 1 ma)
wherfthe base is a positive 0.1 volt. To dete¥mine base resistance, use Ohm's law
(R = E/1). Dividing 0.1 volt by 0.0001 ma (R = .1/.001 = 1,000a) shows that the#
base resistance is 1, 000 ohms. So you see, as long as the base current is 0.1 ma,
the voltage across the 1000 ohm emitter to base resistance is the 0. 1-volt Q@s we want,

[{"RA{{ N
! 10 dast
RESISTANCE

L Fzguré’ 27.. Using the ermtter to-base res~1stance ‘to develop bias.

This’'is shown in izgure .27 where the base v‘&’tage is obtained by using the 6-volt |
collector battery. You can sfe that there4s a 59, 000-ohm reszstor and @ transxorm
secondary in series with the”l, 000-ohm emitter-to- base resistance and toe £-voit
battery. Since the transformer coil ig only a few ohms, you can ignore its res:stance.
This means that the total resistance is 60,000 ohms across the 6=volt battery, - hm.t'

.allows only 0.1 ma to flow. Using Ohm's law this is {1 = E/R): or,

- E &
I-—-i.-bo OOO-O.OOOIA 0 I ma
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. c. Bias hmltlre;nstor The 59, 000-ohm resistor is sometimes called o o
" abias hmﬁmg resistor since it is used tg'limit the amount of base current that / g% ‘
“+develops the bias voltage. The current through this resistor 1s.sometimes called
bias current. So you see, 1in transistors the operating bias voltage is determn\ed by
the bias current. Th'e higher the bias current, the greater the forward bias voltage
developed across the emitter-to-base resistance. Since the resistance of a trans-

former coil is only a few ohms, remember that you need a bias limiting reSistor to
.prevent excessive curfent flow through the transistor. Without this resistor, the .
. trans1stor will burn out. P * '
. 20. TRANSISTOR CHARACTERISTIC CURVES,
1 a. General. Calculation of the current, voltage, and power gain ofa c -
common emitter transistor amplifier (fig, 28A) can be accomplished by using the
‘‘common emitter olitput static characteristic curve (fxg 28B). The output character- .
1stic curves plot the collector.current against the collector voltage with the base
current as the fixed value; (This .family of curves is equivalent to the plate curve
fam1ly of the common vaclium tube. Remember from your previous lesson that we
h plotted plate current agiinst plat® voltage while holding grid voltage constant, ) The .
known mformanon about the amphﬁer is as follows:
* (1) Collechr supply voltage is 10 volts. ‘ ’
- (2) Load resistor R21s 1,500 ohms.
’ w7 . “ .
. (3} The emitter base inpyt resistance (ri) 500°ohms. |
! , (4) The peak-to-peak inpuf current is 20 ma. )
) (5) The operatmg point (X) 1s 25 ,ua of base current and 4.8 volts on
~ . the collector. -/ a
> '_tl. Loadline (fig. 28B). “The first step in the procedure is to establish the
oadline of load resistor R2 on the output characteristic curve. This is done by : ) .
- locating and connecting points Y and/Z of the loadline. . This is basically the same
procedure as you used last lesson to calculate the 1oadline of a vacuum tube. .’ N .
(1) When theicollector current is zero, the total collector supply . .
, voltage, (10 volts) equals the collector voltage (Vce). Point Z (one - Yo .
T point of loadline) then is at the 10 vo},t mark on the horizontal axis. N “
.. , (2) When the ‘voltage on the collector 1s zero the total collectbr supply ¢
voltage (10 volts) is dropped across load resistor R2 (1,500 ohms) . ’
° Thé total current (Ic) then is: , * A
’ .10 ) : - e K
: = = L PO | .
N . Ic = Vce/R2 1500 Ry
RS Ic = 0.0066A = 66ma. ' \ . . .
. oy ) . Point Y (second pomt of the loadlme) then is at the 6.6 ma. mark on’ :
‘ a , the vertical axis. ,
e 4 .
{3) Connecting'points Y and Z with a stra1ght lme establishes ‘the v ’ ‘.
- PO loadline. i . . ©
- * Operating point and waveforms {(fig. 28B). The operating pomf is N
located at poxnt X on the loadline. This. ‘point is th'e intersection of a line drawn
vertically from the 4. 8-volt {collector voltage) mark on the horizontal axis to the N
. 25 Ma curve of base curbent.” Since the peak-to-péak input current is 20 Ma, the N
deviation is 10#a above the operating point (point M) and 10 Ma below the operating -
pomt (point N). . o ‘. . \
-~ P NS : Co ‘ "
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Figure 28. CE4 ?;xheg_and its output characteristic cyrves with loadline, -
. : . BN L . .
- ’ - . . - . M
* . _;.4‘1) Establish the waveform for the ir;put current by extending a line
RS : i ! " > :
. =4 erpendicular to the loadline) from operating point (X) and each
J perp d P gP
s . deviation point (M and N). .
gﬂ?ﬁ. (2) Establish the waveform for the outputs current by extendini a
< horizontal liae through the vertical axis from the operating point
: and each of the deviatidn poinfs (M, N and X). .
‘ (3) Establish the waveform for the voltage by extending a vertical line

through the horizontal axis from the operating point and each of the
deviaticn points (M, N and X).
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. ‘ d. Cyfrrent gain. Current’ gain in this. configuration is the ratio of the change /g '
. in collector current to the change in base current. . L .
’ (1) Determine current gain as follows:
. . 1
- - § < . .
. i Ai == Ic { A denotes change) .
B ‘ i P . .
, L _ I max - I, min s T
LIS IB max - IB min ' 4 e o
- {2) Substitute known walues in the formula: .,
. .. 4.7ma-2.1ma , -7 .
< . AME A5 A ' -
2.6 ma 2.6 ma . - .
20 fa 0.02 ma _ M .-
-~ , 3 i o Ai= 130 e ° .» ¢
. .
L The current is amplified 130 times. ' .
v
)" , e. Voltage gain. Voltage gﬁ@m this confxguratxon is the ratio of the
P change in 1 collector voltage to the chahge in base voltage. , -
. » # (1) Determine the voltage gain as follows: X
et ' P .
AR Av= AVCE/ A VBE ¢
L . ) Solve for A VBE. The change in input voltage is the change in ) | '
‘ . ) input current multiplied by the input impedance (500 ohms).
‘. ' AVBE=Algr . PR S
- R . .o = 204a x 500 ohms v o : AP . e
o, X . £ .000Q2 amp x 500 okms A S
. - -3 i . - " .
. AVBE = .01 volt , ' . S
v . (3) . Substitute known values in the formu.la (1) above. . <. ’
’ Ay o 627V 2.9V 4V ) : o .
. . y . > .01 To1v : '
R Av =400 - - -2 : o .
s . 9
* » The voltage npamphfxed 400 times. R L
i _f_ Power gain, The power gain is the voltage gain times the current gam. o -
P e T N §)) Determme the power gam as follows: G = A'vAx ) L e
(2), Subsntuté knownovalues obtamed in d and e, above, previously. P
. _ Ta G =130x4007, 4, ot . ¢
ST . G = 52,000 % : o
. T R . ES |\ - [ 4
{ The input power is xncrea‘pd 52,000 gmes in going through the | o ’ .
PR .. ® . - transistor. 0 N .
- ' 32 Constructing a dynamic transfer ‘tharacteristic curve. The loadline on '
o the- output static characteristic curve tells a great deal but not as conveniently as does ‘o
', another type of characteristic curve. rFl‘Om the effects of the transfer static charac- . .
- teristic curve, a resultant curve known as the dynamic transfer charactensuc curve -
(fig. 29)4s formed. , It has become comion practice, when studying the behavior df the °
L . . + collector current under the mﬂuencet‘of a signal current.applied to the base to show ‘N N
9 * N \ T . '
s C ' ; : " 0s 98, 7:P25
’ ' . ‘ ,\ . , * N QA . »
e - . v . . ' - N . .
K ) Ret ° - °
o o ¢ e - .
° R 1 4 4 23 ‘ .
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the dynamic transfer characteristic and to plot the input signal and the resultant

collector current along thisgcharacteristﬁ’." In figure 29, the output chargcteristic

with the 1,500 ohm line (fig. 28B) is repeated. In addition, the transferégtatic char-

acteristic is drawn to the left. To show the collec¢tor-currentbase-current curve, " .
which represents the collector current corresponding to certain base currents and the

effect of the load in creating the effective collector voltages, the 1,500-chm loadline

will be projected on the transfer gtatic characteristics. The two families of curves

have three attributes in common—a.common collector current axis, like values of -

base current, and like values of collector supply voltage, although the last two named
are illustrated'differently. To project the effect of the loadline on the transfer static
characteristics, it is necessary to plot the collector current.values for each value of e
This is done as follows;

base current (P-Z) shown on the output characteristic curve.
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Figure.29. Construction of dynamijc transfer characteristic curve from output static
characteristic curves with loadline and forward transfer ‘static
° characteristic curves. oo . ¢ .
N {1} Extend a horizontal line from point/P of the ‘outp&t characteristic .
curve P' (Ig0 and 1.0.85 ma) of the tz:ansfer static characteristic
curve. )
3 . (2) Extend, a horizontal line from each of the remaining points la - .

through Z) to locate Q' through Z' of the tran'sier static characteristic .

! curves.
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(3) Connect points P! through z sequentxally to establish the dynamic /;
transfer characteristic curve. > - A /-

‘

. *(4) The two curves on the transfer characterxst;cs marked 2.5V /and

10V are obtamed with the collector w:«ge held constant and the . i
output a,c.” short circuited. °This is a static condition. The collector i

voltage of the dynamic transfer characteristic curve is ‘got shown -1

as a constant value since the collector voltage now varies because . o | -
of the presence of the load resistor. (Note - The dynamic transfer

characteristic curve for the transistor is equivalent to that for the *~ ° 0T
electron tube, as discussed in the previous lesson.) -

- 3 ) .‘1

> Signal analysis with dynamic transfer characteristic. curve. —— —~

"

Lot ~
(1) When the proper operating point is established and if the change of.

base current is within the linear portion of the dynamic transfer/ “ )
0)

curve, the transistor will operatelinearly (linear operation, fig.
- . . Vd N
~.

COLLECTOR CURRENT 3¢ (Mad

00

L& )

Figure 30, Dynamic trans!er chd'n%cterﬁtxc curve,showmg linear (Class A) operation,

When the trmsxsmg—i; operahng lineazly, the amﬁlexq,d oubput signal
will be an exact reprn&hct;bn of the mﬁfmbsxgrral Class A amplxﬁers
are operated in this ‘mahner. v . %, Poe . : g
(2) When the proper operatmg voltage is establfshed and 1! the-change T
of base gqurrent exceeds the’linear portron f tRe dynamic transfer
stharacteristic curve, the input signdl is overdrwu;g the transistor s

and the amplified output sxgnal will be dxstorted (fig. 31).

Y c .
(3) When the improper operating pQinl\is establxshed. %hange of - . ’
base current will automatically cau € the linear portion of th
dynamxc transfer characteristic cuflve to be exceeded. The location ¢
of the operating point willidetermine ﬁrhether the negative or the
positive change of base current will exceed the linear portion (fig. 32).,
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Fig\;re 32, Dyxiamic transfer characteristic curve showihg nonlinear operation.

21. WORKING WITH TRANSISTORIZED EQUIPMENT.

{

e " a. Handling transistor cirCuits. In your work you may have to replace
parts in transistor circuits when they go bad':' Most transistor circuits use
miniaturized parts. They're the same kind of parts dsed in other circuits, such as
resistors, tl:apacit‘ors. and coils, but they have been scaled down to match the size

.- of the tiny. transistors. This means that yau must be extra careful in handling the
parts and using your soldering gun. The parts are smaller then.usual and thus more

fragile then normal sized components. - -

e b. Transistor mountings. Figure 33 shows three di

fferent transistors and

the socket that is used to mount them. Notice:that the socket holes are not equally
spaced. The unequal*spacing is used to prevent plugging the transistor in the wrong

way. As you can see, the hole fox
_on the right is spaced farther from the base than the emitter h
is a round transistor socket also used in which the holes are p
and a straight line both, but the holes are spaced the same as

discussed. o7
¢
. owa e,
M ’ * e '] , s
. » ip
&
. &7 Bl
~ 1 4‘:‘
. é:%‘ Aoy .

the base lead is in the middle. The collector holé

ole on the left, There
laced in a semicircle
the one we just

0s 98, 7-P28
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Figure 33, Typical tra.nsistors and mounting socket. @
c'.o Connecting transistors, You will have no problem when pluggmg in the
tranaistor shown on the lower laft of fzgure 33. The transistor fits into the socket
only one way because the transistor leads are spaced the same way as the socket
holes. . The other two transistors have an easily recognized mark on one side to
identify the collector. You must be careful to insert the transistor leads in the
proper socket holes, If you plug it in the wrong way, you'll burn out the transistor.
When soldering be dure to remove the transistor-from the socket if possible, If you
must solder directly to the transistor leads (some equipment does not use sockets),
use a low voltage iron (35-40 watts) and use a clip or long nose pliers on the lead
between the iron and the'transistor as a ‘Weat sink (fig. 34). Transistors are very
sensitive to heat and failure to use a heat sink will invariably ruin the transistor.

.

30002-32

Figure 34, Usinﬂ the '"heat-sink'' method to solder transistors,

Os 98, 7-P29




’ l:
jot
%

Q

" ST
.

PN

' -
{

i
a2, TESTING'TRANSISTORS WITH AN OHMMETER,

a.' General. There are many test sets made especxally for testmg
transxstors but by using a simple ohmmeter we can determine whether a transistor
has an open or short circuit, or even if it is a NPN or a,PNP transistor.

b. PreparmLthe ohmmeter. First you must determine the poéianty of the
ohmmeter leads so that you know whether you are applying negative or positive voltage
to the transistor elements. Check the.polarity using a voltmeter. In the multimeter
TS-352/u (which we will use for discussion), the jack-marked ohms is negative (-},
and the jack marked - DC + AC is positive (+).

CAUTION, —When checking transistors, do not use the low-range resistance
scales of the ohmmeter or any range that allows more than ! ma of current to

flow, or you will burn out the transistor. The R x 1000 scale.ef the TS-352/u
is quite satisfactory. ¢ %

c. Testing NPN transistors. Use the following procedure to determine if

a transistor is an NPN type or if it is defective. Use figure 35 as a‘reference.
Numbers in the figure correspond to the step numbers.

A _
oy * ~

v

* , - .
* Va2l te . JJJJ‘II' . o0/t
. N 9 o
JIow ) N reote

i U AL

Figure 35. Testing NPN transistors using Multimeter TS-352/U.

30002 29

I

. (1) Connect the chmmeter leads across the emitter and base as shown.
Since this is a forward bias condition (for NPN transistor), the -
meter should show a low resistance reading.,

(2) Now connect the meter leads across the base ahd collector. The
voltage polarity tells you this is a forward bias connection and the
meter should indicate low resistance again. ™

°

(3) Now check the emitter -to-bage again but use reverse bias connection®

.o as shown. You should get a7high resistance reading.

) ) (4) Finally check the bas‘e-to.-collect,or again using reverse bias. You
should get a high resistance reading.

If the transistar is shorted you'll get a low resistance reading for both
the forward bias and reverse bias measuremeénts. If the. transistor is open, you'll

- get a high-og, infinite resistance reading for both measurements. If either diode

section of a transistor is shorted or open the transxstor must be replaced. Before
replacing a transistor, check its circuit for abnormal voli?ge which may have caused
the trouble
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. d. Testing PNP transistors. You test PNP transistors in the same way that you /“ ’ Ta
test NPN type. Of course, the meter connections must be just the reverse of those used / Coe
for the NPN. Figure 36 shows how to make the test. o ‘ )
. . , -
¢ ° “va * e
5, ] ST ® ‘ éﬂ'((
. ~ | /// . 3 @ ~ . =
\ —
* > e L ( i
. . 20
o  u . . o
Figure 36. Testing PNP transistors using multimeter"i'S-ES’Z/U: o, ,
¥ s o N
® o N T ' ~ , _ A
. EXERCISE. . a h% Wt . i ~— o, . - LY
- : { /
v 136. Which would be the proper connection for this circuit? ".
: 2 S : . .-
N @ r
a. AR - .
gl ﬂ
A ! ) ' ' < ‘ ” s
. : DA .
4 b ° -
., 3 =il - +
s =i pp—g—=rhb—x ‘
. €
~— ! , 9
Ce % ¢| l- :lllﬂ -— -
Y 'l ® l c t’ ’ . . . .
fes T N . - . . ) . .
.137, Positive charges and negative charges in transistors
. » N e - *
a.’ moye ih the same direction, ¥
) b. mové only in the crystal. / . v
c. move in opposite directions.” . * , .
138. How does the output of the common collector circuit compare with the input signal? N
' . a. In phase and slightly more voltage , , -
. . b. In phase and slightly less voltage . -
- c.. Out of phase and slightly more voltage
- . P 'l ¢ r N .
~ 139, The resistance of transistor'crystal material is . . §
- 0 . » . a . Yo "
. -t 3. highar than most conductors but lower than most insulators,
‘ b. higher than most insulators but lower than most conductors. .
o » @ c. equalto most cdmmon conductors. ) ’ . ’
. * ) . H \ :
. .. ? , (U o
) ” ‘ ’ y
. o ' ) 0S 98, 7-P31
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Q - i ' ‘s 141'.' ‘ e
ERIC - - L I . of) : \
N _} & i

5
o i .
. .




4 -
., B R . -

140. If a heat sink is not used when soldering a transistor lead what is likély to happen?

L ekel e . .

\ -—

.t i ‘c. Ohmmeter

0 L4

- -

u ' e
147, If you reverse the battery connections to a single crystal the

.

L. v . . Y .
a. amount and direction of current flow remain the same, . K
I K b. amount and direction of current flow change. ' ] T e ,
a c. amount of current flow stays'the same, direction of current reverses.
- P . . . N .
L 148." It has been estimated that a transistor.gan operate confinuously for how many yeprs?
P o ZE . ‘8 " v - - et
ad’ ' »
. .. b [ \—~ 1 o~
. . e, 4 i . ) l .o .
\ s £y » . - o~
b ~ e 4 *
: R i 08 98, 7-P32
. o . y N § . S 98,
1C ) . ~

.
t o
- [} .
.

. . a. _Melit the lead e ’ .
_*" b. Poor solder connection . j, ) . .
"c.  Ruin the transistor : ‘e : A
. . . < ; , . ~ ~ ° 1 - N ’
¥ .. 141, Approximately what percentage of the electrons flowing through a transistor are .
_ attached to the base? ¢ L T,
i . ¢ .. ~
> a. ¢0to.l Y ¢ .
o o _-e¢b. lto5 .. ~ . -
- s c. 15to0 30 : . )
' . & - B ” )
. 142, What are the main current carriers in the PNP transistor? : %, ‘
Toe- , - a. Electrons . . )
= i b. Holes = ~ : ' .
c.” Neutrons - ) e ) ’ : €.
’-. L ' ’ . . s
- 1434., In'a P-type transistor crystal the minonity charges\are . - )
a. ’protons. R - e o .
L . . N }i’: b, L holes. . e a ' .
T - 7" ¢, electrons. . : ‘
. ) L) . N <« R
144, The arrow in the transistor symbol will always . s
27 ' . a. 1indicate the base element. s, ‘@ ,
* ) b. , point in tlie_same direction as current flows. -
i L .c. °point in the opposite direction to current flow. . T
T .. . . . P M .
’ e
s 145. Which common electronic circu%t cémponent functions much like the transistor?
e LN ¢ ) < . .

CeT . a. Capacitor ; v < y '
P d. Ellec;ron tube | ' T, . '
e . ¢ Inductor . ‘ ;

- 146. How can a transistor that is suspected of being‘shorted be tested? .. .

- g . . - [y ‘ -
' , a. Cannot be tested t L P
. .7 . b Megger . -
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149. In an NPN transistor the current flows from
.. a. base to emitter,

2o b. collector to emitter.

- _ 'c. emitter to collector.

150, The positive charges of a transistor

a. move through the whole circuit.

b. move only in thé crystal.

c. do not move at all.

. . "

151, A transistor is constructed from

a. carefully contaminated crystals,

¢ Do pure refined crystals.
c. syhthetic refined crystals,

S .
152. A crystal diode is usually used to
a. control direction of current flow.
b. amplify weak signals.
c. ‘convert direct current to 'aycernating current,

7 ~o

% 153, What voltage, change in a transistor performs the same function as the grid-to-cathode
voltage in a tube?. , ' o d ‘
a. Collector-to-ground voltage
b. Base-to-collectdbr voltage
c. Base-to-emitter voltage -
154, In transistor the,ory the positive charge is referred to as
’ [~
a. an electron.
b. - a hole,,
‘e, a neutron,

-
9

155, A re\'rerse biased diode is generally conSidered as permitting

. ~ -
a. large amounts of current flow.

b. reversed current flow, -
c. small amountsof current flow.

T—

156. A transistor normally has how many elements?

a, 2
b, 3
c. 4

Tl
e .

157. ,‘vﬁiat,semconauctor sgctions of a transistor are \dsually forward biased?
’ t
a. Emitter to collector
*b. Emitter to base
c. Base to collector
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158, If we put a positive (+) signal Yoltage on the bage of an NPN common emitter circuit the -
. L 4 ‘—.v
a. output voltage will decrease. !
1 s at
b. - output voltage will increase,
¢. collector current,will decrease. ( . !
- N N ’ . .
159. What type charges move in a reverse biased diode? . ’ )
a. Majority o ‘ T .
b. Minority .
c.. Negative
[]
160. What is the thinnest crystal in a transistor? ;
“a. Base
b. Collector L .
c. Emitter - ‘
’ <
' . Al .
- : b1 . 2 -
. - ? ) >
o 7 °
. ~
\ .
Woner \ . .
k] A 4
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\ e L . AN e S s ¢ .
d , 001 4448
. ‘ i SCR O3 .
NAME ) o
LAST FIRST Mi .
GRADE < SSAN i N N
. »
, ADDRESS ° If this is a new address -
vt R . check here’ [ ;
LZIP Code ’ . .
o NOTICE . hi!
: . R o -
Refer to the instructions preceding lesson exercise question 11n your study text for information on the use of .
this answer shect and the exercise response lise. After your selections of choices for all exercse questions have been
& carcled. tear this sheet out of the subcourse. fold it as instructed on the address side. and mail it todhe school.
a b ¢ .2 b ¢ a b ¢ a b ¢ a b ¢
v 1. 104 501 536 41. 437 523 333 81. 245 405 460  121. 625 346 515  161. 428 613 114
2. 223 657 595 42. 349 639 274 82. 360 440 624 122, 484 255 399 , 162. 201 552 443
3. 421 309 243 43. 277 394 647 83. 600 365 122 123. 217 698 436 163. 509 373 660
4. 241 483 527 44. 539 496 699 84. 233-526 339 124. 334 503 139 164. 180 481 230
5. 375 166 612 45. 113 408 392 85. 565 282 271 125. 593 388 291 ~165. 357 272 554
? 6. 690 110 427 46. 522 397 299 86. 175 684 488 126. 111 650 33% 166. 586 366 174
7. 562 290 420 47. 191 642 412 87. 434 180 575 127. 633 252 479 167. 343 151, 686
. 8. 630 197 463 48 358 662 253 88. 651 363 154 128. 216 438 528 168. . 120 519 495 .
9. 579 143 661 49. 500 379 416 89. 225 474 @72 129. 411 198 671 169. 626 246 -314
10. 547 685 342 50. 116 493 204 90. 400 136 352 130. 558 169 398 170. 487 652 203
11. 289 578. 231 51. 164 41% 533 ° 91.:371 535 202 _131. 388 697 975" 171. 285 433 540
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The inclosed responses are listed in numerical order. After making a circle ar;mnd
the number of your choice on the ANSWER SHEET, check the same number on the exercise
response list. If you selected the correctanswer, the response will indicate it with the

’

»®

( .

) '}

o

NOTICE

)

word "CORRECT" appearing as the first word. Read the response for further information .
and then proceed to the next-question, If the response shows you have'not selected the ’,‘
correct choice, read the information presented to find out why-your choice was wrong and Y%
where you can find the correct answer. The suggested references are designed to cover ) .

major teaching points in each lesson, thus reinforcing the student's learning process. Q‘

[

e

Be sure to PRINT your name, grade, social security account number,

subcourse number, and date in the top left corner of your answer sheet before -
* you start your first exercise. .
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RESPONSE

~ NUMBER

100

101
102
103

104

108

109

110

111

112

113
115

116

QA7

118

119

121

RESPONSE
4

CORRECT. The usual AC ammeter or voltmeter' w111 indicate the R.M.S.
or effective value. -

At one time this might have been true but not today. Check para 2¢(1).

CORRECT. This is true except for special circuit applications.

-

A substance is composed of many atoms. Check para 2¢(1) again.

An ampere is a unit-of measure of the current flowing thrbugh a conductor.
A different term is used to designate work per unit charge. Check para
3e again.

The longer the positive step voltage is applied, the greater will be the
voltage across the capacitor. Take another look at para 2¢.

Grid esistance is not requu-ed to plot this type of curve. Check para
4e(2) again, ‘

‘. m . — [

CORRECT ‘Most cu'cmts are a combmatxon of series and narallel
c1r&nts.

If the polarity is heutral, there is no chagge. Check para 3b a;ain.
The control grid voltage is what controls the plate current. Please
read para 4e(l) again.

Pl
Actually a compound is a type of substance. Have another look at
para 2¢(1). .

- g

CORRECT. Just as water will flow downhill.

°

/ CORRECT. Collapse of the magnetic field will reproduce the energy.

CORRECT. Soft iron is used for temporary electromagnets such as
relays. @ o S

L) Fed .
CORRECT{. However, the magnetic field does not exlst only on a smgle
plane but fllls the space about a magnet. A

* t

Since a d:odetonly has two electrodes it.cannot be used ag an oscillator.
Please read 'pa}_ra 3a again.

.

.

Remember, we are talking about the forms that matter can take. Check
para 2¢ and try again.

" CORRECT. - The.10svolt sine wave indicates 5 volts posltwe@mphtude.

The 6-volt bias will cancel this out leaving 1 vdlt. Adding the 6-volt bias
to the 5-volt portion of the sine wave gives 11 volts. So the grid voltage

will vary between 1 and 11 volts. .
’ -
{ . * . ¢ -
..... R I . . ‘
;o 157 -
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A sawtooth waveform represents the current in a circuit in which DC
voltage was applied and immediately removed. Review para 2€.’

v

Ebb represents the supply voltage. Check para 43 and fig 22 again. s

Do not ¢onfuse neutrons with protons.
CORRECT. This is in accordance with the old law of repulsion and
attraction,

Have another look at para 2e. ‘

' ~ t
Periodic waves appear at regular ¥itervals. Please read para lb again.
[

CORRECT. A crystal diode can control the direction of current flow just
like an electronic tube diode.

b . o :
CORRECT. This must be true singé like poles repel each other.
Partially true. Retnember, we are d1scuss1ng a smgle crystal
another look at para 8b. S
CORRECT Since a time constant is.considered to be 63.2 percegt of a
total change caused by a step voltage, 36,8 percent remains. WHen 1 volt

T ake

is first applied to the circuit, 1 volf will appear across the resistor.' By
the time ! time constant has passed 36.8 percent appears acrogs the
resistor. The remaining 63.2 pércentwill appear across the c3pacitor. i

. o »
There is’a type of atom that had only one electron and one proton. Check
para 2¢ again. b '

CORRECT. 1 = % = =5 = 0.

CORRECT The effec vylvalueﬁsf? 707 t'in'ges the peak 6r maximum
lue, , ff = 0.7 = = = 162 lt
value, so, Eeff ,.Em or 5707 5707 volts. ¥
CORRECT. Since the value of the resistors is the same, we can find the
effective resistancefby dividing the value by the number.
80 40 E 240
y SO, = a0

G = IR 7 "0

= 6 amps.)

P

CORRECT. A suppressor grid is placed between the screen grid and the
plate. It passes the high speed electrons from the control and screen
grids but. s_t,,&ps the low speed electrons from secondary emissions.

An electron tube does offer resistance to current flow; however, _thxs is
not the,‘domplete story. Read para lb again.

Thigtk of inductance as the inertia of an electrical system. Remember
that every conductor that carries an electrical current is surrounded by
a magnetic field. Review para. 3a ' - - :

CORRECT. This symbol 1nd1cates two main elements: a cathode and a
plate. -

Not quite true. ChecE\para 3b and try another choice.

— o e
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145

146

147

149

150

f52 -

154

156

157

158

159

161

162

163

164

166

I)

°

CORRECT. GM i§ transconductance in MHO's while Rp'is plate
resistance in ohm's.

The larger the amount of resistance the more power is consumed. Have
another” look at para 5¢c.

-~
[
B

There was a vacuum tube in use at one time that had_four elements and
was called a tetrode; however, it is now obsolete, A transistor normally
does not have this many elements. Please check para 9a again.

Inductance is shown by'a dlffergnt symbol. Please read para 2b(1)(a)
again, : \ '
The control grid of an electron tube controls amplification, Review
para 5a and try another choice.

The rate of increase of current is what determines the atrength of the
induced EMF. Remember, the-induced EMF is always in a direction so

as to oppose the change of curvent that caused it. Please read para 3b(6).
1

Remexﬁberw\lj\ke poles -repel—unlike poles attract. Read para 5j(1)(c)
again.

Since we know the reactance of the coil and the current value we can use
Ohm!'s law to find the voltage. Check para 3d and try another choice.

CORRECT. In this type of cell an electrode is consumed during use..

CORRECT. However, a small change in input volta.ge causes a large
change in collector current. .
CORRECT. The positive charges in this case are considered to be holes
and though they are attracted to the negative terminal they never leave
the transistor. . s

L .
This is a resistive-capacitive circuit, soto find the time constant you
must multiply the resistance by the capacitance. orTaRC, T =10°x
(103 x 107%) s 10~ -2 geconds. This is not the shortest time constant,”
Check para 2¢ and 3¢. i . 4
Lf you will thi a.bput the operation of a capacitor you will see that this
is not true. Check para 4j and try another choice

Of the three crystals in a transistor one is ,much thinner than the other
two; however, it is ndt the collector. Take anothéer look at para 12b(1).

At times the arrow might point to the base element, but this is not its
Jpurpose. Please read para 13b again. . :
Remember the rule for resistance in a parallel circuit. The total
resistance-is always less than the smallest resistancé&’in the circuit.
Please read para 4d(3) again,

What we are looking for is a substance composed of two or more ele-
ments. A special name is used. Check para 2¢(2) again.

153
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167

168

169

170

L3

172

173

175

177

178

179
181
183

184

189

190

191

CORRECT. This is how a battéry produces electricity.

Circuit No 2 is a series-parallel circuit and must be: redﬁced to a simple
equivalent circuit before it can be solved. Pl;a.se read para 4e agam

Remember, the arrow always points away from the direction of current

flow. Please read para 13b and check fig l‘). .
T <

CORRECT. The greater the load resistance, the more linear the dynamxc

characteristics become, \ .

N

If AC and DC are applied to a capacitor, the AC will- be Jpassed and the
DC will be blocKed. A more posxtwe answer can be found m_para 4a.

An electron has a negative charge’. Take another look at p'a..ra 6_13.

» CORRECT. By the same token a chargmg RC circuit is consxdered

fully charged at 7 time constants

This procedure could be used when the indudtors are connected in ]
parallel but not when they are connected in series. Check para 3f(1)

."a.gain - . et

The procedures used for determining the effect of capacitors in series

is the same_as those used to determine the effect of resistors in parallel.
Reread para 4i(1) before making another selection.

CORRECT. According to Ohm's lawl = ?Ei' I -—l-é-g = 2.2 amps.
CORRECT. Matter exists as a solid, liéuid, or gas.

CORRECT. This is governed by the type, length and dxameter of the .
material, ) .

The time constant is equal to the tesistance in ohms times the capacitance

- in picofarads. Please read para 2c again.

CORRECT. Three grids plus a cathode and a plate make five main -
elements; thus the word 'pentode. "
CORRECT. To solve this problem we say the capacitive reactance is
equal to the reciprocal of two times p1 (3. I1415). times the' cyele per

second, times the capacitance, or xc = =
183 oMias. P g 2nFC  2(3. 14) (60) (14.5 x 10-6) _

- » .
CORRECT. As we. already learned one time constant is 25isecs.,

According to the time constant chart’the current reaches a maximum
value or steady state after 7 time constants. So, 7x25 =175 Usecs.

This is a'unit of measure for electrical power. Take another look at
para 3{. . P ‘
A neutron is an uncharged particle of an atom and is not involved in’
current flow. Read para 12d again. .
CORRECT! This is the principle of operation of all ty-pe_s of inductors.

2
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192

193

194
195

196

© 197

198 ’

199

200

202

204

205

206 !

207

209

210

Not quite true. Check para 5k(2) for a better understanding of a magnetic '

force field.

CORRECT. This method employs the use of heat to produce a stream of
electrons.

<This would be .an undesirable trait. Check para 3b again.. .

Remember, this is a parallel circuit. Take another_ look at para 44(2).. ’

N

»
One of the main advantages a transistor has over a vacuum tube is its

long life expectancy. Read para 4b again.

A compound is composed of two or more unlike elements Take another
look at para 2c. '

AC plate reéistqnce equals the small change in plate voltage divided by
the small change in plate current. Read para 3e(2) again.

B

CORRECT. Since 25 psecs is equal to only 1time constant, the current
is still increasing. Therefore, the magnetic fjeld is increasing also.

'
The effective value of AC is the equivalent DC value. Take another look
at para 2h(1). ’

: ‘ ?
CORRECT. When the switch is opened current attempts to continue to ,

flow. This builds up a high voltage which. eventually will catuse the current

to jump across the open switchl The resistor provides a path for the
current arid prevents arcing at the switch.

Natural magnets.are made of such material as magnetite which has been
magnetized by nature. Better magnets can be made artificially. Check
para 5¢(1).

;.

Answering this question doés not require any calculatlon since there is a
rule that states the action of voltage in = parallel circuit. Check para 44
again. : , .

This question was partially solved in question 55. Review this question
and also para 4e. i~ :

~

CORRECT. The total resistanc€”of a parallel circuit is always less than
the value of the lowest individual re31stance
GQORRECT. The screen grid is similar to the control grid and is placed
between the control grid and the plate. The resulting tube is called a
tetrode. . s .

- .
CORRECT. That is why in a pure capacitive circuit the voltage will
lag the current by 90°,
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212

213
214
215

216

217
218
219
220

221

222

2238

224 ¢

225

226

227

228

CORRECT. Since the voltage is decreasing, curve B of the time constant

chart {fig 2) will apply Thus, 75 usecs gepresents 3 time constants
T = L/R = (25 x 10-3)/10% = 25 x 1076 = ; usecs or 1time constant.

75 Msecs = 3 time constants. The ¢ ihows that at 3 time 2onstants,
5% of the voltage is across the inductor,{so .05 x '20-5%1. 0 volt. -
*. ;»"

A path must be avallable before current can flow. However, something
else causes it to flow. Please read para 4a.

The majority changes move in a forward biased dlode but not in a reversed
bias diode. Please read para l1ld again.

Copper is not a suitable material for the core of an electromagnet.
Please read para 5m again.

*
CORRECT. .The fortmula for determining transconductance is the same
as that used to determine resistance, However, to avoid confusion,.the

unit?s® measure for resistance (OHM) is reversed (MHO) when determining

transconductance, -

CORRECT. The grid should be biased to insure that it will remain
negative, The range of voltage applied to the grid is known as the
operating point. .
CORRECT In‘order to ¢ culate the wattage we need ‘to 'know the current.
So, using Ohm's law, 1 =g == 2a amps. We now can use this formula
to find the wattage: P = EX% = 10 x 2 = 220 watts.

“This is a partially correct answer. Check para 5b for the complete ﬁo“ry‘ :

o

Actually, induction is produced in a DC circuit in the same way that it
is produced in an AC circuit. Please read para 3a. .

’ f

A heéat sink would not have any effect on the solder connection. ‘Take
another look at para 2ic. 5 . :
'E- .

Do not confuse induction with capacitance. Read para 3b again

A proton is a negatnfely charged unit of an atom. Pléase read para 2¢(5)
again.

CORRECT. This will allow the plate family graph to show the effects o£
small changes of plate voltage and fixed changes of grid voltage

The opposition in a coil is measured in ohms the same as resistance;
however, it has another name. Please read para 3d again,

Almost any electrical component ¢an be tested in some way. Check
para 22a.again. ~

As 'shown in question 54, circuit No 2 is a series-paraliel circuit and |

must be reduced to a simple series circuit in order to arrive at the

upknown values. Check para 4d again. . ~ 5
— . L

A capacitor does not affect current the same way as it does voltage.

“Please read para 4j again.

v
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235 °

236

237

238

239

241

242

243

244

248

the cafhode with only the necessary ofies being used.

‘a magnetic material such as iron.

CORRECT The space charge «.auses “most of the electrons to return to

Py

. .. * e

Perhaps you do not fully understand the formula used to find the intensity .
of a force fi.eld. Check para 2b(2) again. .

.
¢

The ratio of charge to the voltage causing it is always éonstant.

Please “
read 4f again. '

”

CORRECT. Voltage is act: ally the difference in potentxal between two
points. ’ "

5
. <

CORRECT. Since amber is a nonmagnetic material it wouid n(;t attract .

Not eXactly true. Review para l1¢ and try another choice.

-

An electrostatic charge is associated wfth a capamtor s-not an xrrductor

Please read para 3d again.

CORRECT.

o

-y

5

. E -
Since R5 and R6 are 128 ohms each, we cah combine their

1 registor

120

RT = z e—— =

resistance by using the like method. No of resistors 5

60 ohms. Resistors 3 and 4 are in series so we can add them giving us -
60 ohms. We now have 3 parallel resistors of 60 ohms each. Using the
like method (-—- = 20) we have reduced the parallel resistances to an

equivalent of 20 chms. Resistance R1 is in series so we add that to our

parallel resistance; i.e., Rl + RT = lo 4+ 20 = 30 ohms total resistance. ' -

.

A nucleus is part of an atom.

e

CORRECT. Though Ehey are

electrons.,

There are not this.many basic kinds.

Check para 2¢(3).

smaller,

A

Another name for a transistor is semiconductor.

at para 5a.

.
S

Y, N,

P

- ’
protons are much heavier than

Please read para 2a(l) again.

Take another look

-

-

Please )

Capacitors do not respond to AC in the same way as inductors.

read para 4h again.

+

°

o

g

CORRECT.

In this case, the current is increasing so curve A of the time

constant chart will bé used.

The maximum current is I1s E/R 2 20/10

2 x 10-3 or 20 ma as shown in question 98.

T'hus, 50 usec s 2.time |

constants.

is 87 percent; so 87 x 20 = 17.4 ma.

>

L

The time constant chart shows that the value at 2 time constants

Since the electrical cha;geaon a proton or electron’is too smail to be

meagured practically, the couldmb was developed as a unit of measure.

However, it does not equal the charge of 6.0 x 1018 protons. Check

para 2g(1).

Unlike a capac1tor, an inductor responds mstantly to a change in_ .rol*age.

Take another look at para 3b. -

. e, .
> .
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Plate resistance is not cpnsidered when constructrng a 1oadlme. Review
para 4g(1) and try another chéice, ‘ . s

CORRECT., It is also considered a permanent magnet. e )

A transistor called an oscitlator can be used for this purpose but not one
diode by itdelf. Please read para 9b again,

CORRECT. An electric field is nfesent between the cathode and .plate.
If the plate is positive with Tespect to the cathode, elections will flow.

. from the cathode to the plate; however, if the pldte is negative with

respect to the cathode, the electrons will be'repelled by the electric field.
CORRECT EMF Mt_age) is what provides the force necessary in an
electrical crrcmt ; ey e ’
. _ | B . .0

Inductance is that'electrical property that tends to resist a change in
current. Some inductors are specifically designed for this purpose and
are.called ""chokes,' Please read paragraph 1 agfin,

. . .
A vacuum tube presents an infinite resistance to current flow in one
direction and a variable resrstance to current flow in the opposite .
direction. Please read para 4£(1) again. ‘ <

When measuring voltage, fhe correct ‘polarity must be obs erved when.
connecting the voltmetera Check para 4c again. ~ e

Pl =T Aot
The ammeter wxll indicate the effectwe current Please read para 2ht4)
again,

. . " e

. Loy . 'z
CORRECT. The time constant is 50.usec. 20 us:aé is 2/5th of a time
constman. Since the voltage will be decreasing, use curve B of the time -
constant chart (fig 2). You will find that 2/5th of a time tonstant equals
0.67 percent of the applied voltage, i,e., 0.67 %30 (apphed voltage) = 20,1
volts.”

»
N

Remember that a magnet has two unlike poles. One attracts and the
other repels. Check para 5k(2). ) 2t '

'3
o a ¥
>

The resistor is provided for a special purpose. Check para 3b(2) again.

This is a partially corrééranswer. Check para 3b. -
Actually, the collecto¥ current will increase. whlch, in turn, affects

the output voltage. CReck para 15¢. :

The average voltage'is never as much as the maximum voltage. Take
another look at para 2h(3). . ’
Beside the grrds, a pentode tube conta1ns oth%r elements Please read
par?5b agam .
Thrs term could be used tmdeflne an atom though it WOulq not be true

in all cases. Check para 4f. L s

Y L]
/ ; .

1
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279

281

e

-

e ®

.

. 0 This metal does have a h1gh conductw1ty but not the hxghest

- ) ) -
The fransconductance of a tube.is very important and is commonly used
to compare tubes, Check para 4f(3) and try another choice.

CORRECT, This is always true when charging by induction.

Please °
,read para 33(2) again. . Y

"Storage battery" is the term normally used for 2 group of wet cells such
as the automobile battery., Check para 4e(1). <

\ .
CORRECT. They are used in the same way as gallons per minute is

used to indicate the flow of watex through a pipe.
»

-

<

CORRECT. A resistor dissipates energy as heat while a capacitor,
stores it in the form of an electrostatic charge.
- - p
' To calculate the average value of altarnating curreif you need only
consider one-half of d cycle since the other half is of "exactly the same
magmtude but different polarity. Please read para 2h(3) agam

L Y

A ser1es¢c1rc1nt ig a rathér sj

e c1rc‘u1t where the current value is
the same throughout. .

Please’ read 4d agam -

~ -

Any change in the resistanceé or-<capacitance hag to affect the t1me \

constam. Pleasé read para Zc agaxn. :

Though most of the electrons pass through the base to the collector, >

a percentage of them are attracted té the positive voltage on the hase.

Rlease revzew para 42b(1). . ..

- This seems like a very large amount but it 1s not, enough Check para
‘Z‘g( 1) agam.

&*
N N v,

L

‘v

Changmg the strength of either-of the charges will affect the strength of
- the force, Check para 2b(2) to see how. - .

. Ny

CORRECT. If’ on&was positive and the other negatwe they would attract
each other. '

. .
?

A ﬁlament is used in some, vacuum tub%s as an emitter. In other tubes

it issuded 'as .a heater. Please read.para 4a agam. te -
Sy nw@- . * .

Ac":ually, i,u.ut the opposite is true, Check para 5d(1) and try another

choide. | .

;here are 102 known elements. Helium is one of these Please rgad

. -,para Zc(Z)aRin Lo T e _

A few electrond a.a:e attracted by the positive volt;ge at thp base;. however
most pass through the base, ,Check para 12d,
Read para 5_{( 1){crto understand the effect of a magnet1c field ona ],
‘compass. . . ’
N "’ .

CORRECT Voltage is an elect,romotwe fo.ce.& Thus the letter E is used.

. - [N

lf""‘;

e
R
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In.this type of crystal the majority charges are positive. Review

-, para llc and try another choice.

v )

CORRECT “This 1; the only way to connect a voltmeter td an electrical
cirguit. "

Actually, the electrolyte used in this type of ce11 is damp but 1t is
classified as dry. Please read para 4e(l).

.

This is a partially correct answer. Review para 4e(2) and try another

choice.
Sorry, but it requires a negatwe step volta‘ge to collapse the magnetxc

field. Ple¥ase have another look at, para 3a and 3b.

The purpose of the getter is to maintain a good vacuum in the tube. Please
review para 3d{1).
CORRECT. As we found out in questlon 54, the total resxstance of circuit
No 2 is 30 ohms. Now we need the total current, so = 4 amps.

Therefore the voltage drop acnoss resistor 1l is IR .% = 4 x 10 = 40 volts.

df'

[ - 2

e

CORRECT. This is the symbol for a PNP trangistor.
Consider the sine wave as having 5 volts p031t1ve and 5 volts negafive.
Review para 4d(4) and try another choice.

o

CORRECT. The maximum instantaneous value is called the peak ‘valu.e.

CORRECT. Positive and negative.
' ’
CORRECT. A positive input signal added to the positive base voltage
, causes the collector current to increase. Higher collector current
-=~Causes the output voltage to drop. <

An ammeter placed at point A 'in circuit No 1 would indicatle the total
amperage of the circuit. Meage read’para 4d(1) again. ’

. ‘__:— .
CORRECT. Alternating current is al ayé”’c'hangihg in magnitude and
direction. Direct current changes inT:magnitude at the precise moment
the circuit is opened or closed. For]éxample the circuit through an
automobile coil primary winding is opened and closed by the points thus
causing induction. . T

CORRECT. The total resistance in a series circuit is equal to the sum
of the individual resistances. » .

ECT. = «T=Jxl=1,
CORRECT. T =RC;T 5 X5 =3 R .
CORRECT. Forty volts dropped across ‘the first
to be dropped across the second resistor.

.
esxstox' leaves 80 volis
Since £bis is'a series c1rcu1§,

the current will be the same or 0.2 amperes.

-

'There is no collector-to-ground voltage.

choice.

11

E 0
i S R =7 =%-400 ohms.

Check para 18c and try another

g ’

A,

. - s
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326

328

329

330
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332

333

834

341
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°

- CORRECT. Like an electron tybe, d'transistor functions as a valve

£

" CORRECT. Formula C = % is used to calculate: capacitince where

to control current flow,

To solve this circuit, it must be reduced to a sxmple circuit. Do this by

starting with the bregches farthest away from th€ voltage source. Check
para 4¢ again. N\ ,

These are units of measure that indicate the resistance of an electrical
circuit. Check para 2a again.

CORRECT. ‘A hydrogen atom consists of one proton and one electren.
As learned in previous quesgghs,' the time constant for circuit No 2 is
25 psecs. Since the current is increasing, curve A of the time constant
chart will tell us when, the steady-state occurs.” Please read para 3b and
3¢ again. . '

This is a partially correct answer. Review para.2b(2) and tr;‘r another
choice. )

CORRECT. And one coulomb moving across a créss section of a con-
dpctor in one second is egqual to one ampere‘ of electrical current.

CORRECT. Also, the higher the plate voltage, the more negative voltage:
required on the grid to reach cutoff.

-
. ~—

CORRECT. Any wave that does not follow the sine wave pattern is ton- .
sidered nonsinusoidal. Because there is a difference in time between the
positive and negative voltages, this partxcular wave is consxdered a

periodic., v . . : ‘ .

"

’
Free electrons are necessary to provxde electrical conduction.- Check ¥

para 3¢ again. \ e

The control grid allows the tube to fynction like a valve in controlliné the
flow of electrons; thus controlling the mstantaneoyxs value of current.
Take another look at para 5b. . o e

CORRECT. The AC resistante in ohms is rp; dep is a small change in .
plate voltage in. volts, and Aip is a small change is plate current in MA.

\Aa.tter is defined' as anything that has wexght and occupxes space Please
read para 2¢ again. .

The base-to-collector is usually reverse biased. Check para.l2a again,

Applicatic;n of heat is the primary means of producing electron emission

.and is called thermionic emission. Take another look at para 2¢.

' t

C. 2 capacity, Q the charge on one plate and E a the apo],)ed voltage.
Thus C = 8. = 445 microfarads. .
E 40 g [S

CORRECT. The current flow must be the 'same in all layers in order for
the magnetic field to be effective.




/60

342 In order to provide the desired results, the distance d must be squared.
Please read para 3¢c(2) again.
L3 f
i < [
344° The instantaneous value of alternating voltage or current is the exact value
at a particular instant in time. Please read para 2h(4) again.
. ¢ . ‘\
346 The smaller case letter "e" is used to represent sométhing other than
external voltage. Please read para 4e and try another choice.
. N ) ,
347, The magnetic force of both poles is the same. Please read para 5f.
348 The emitter is about the same thickness as one of the other crystals. ’ |
Review para'12b(1) and try another choice.
349 An ion can be the size of an electron, an ator, or § molecule. Please
read para 4f again. (’ . S}
—— $ N
350 Remember that current is the sahé throughout a series circuit but is v
divided among the different branches of a parallel circuit. Review
question 55 and check para 4e again. Co
352 A motor constructed to withstand this much voltage would operate
satisfactorily; however, its cost would be higher than necessary. ..
Take another look at para Zh(4). ) >
353 In one type of transistor the positive charges are the main current
carrier. Better read para 8a(3) again.
354 Electrons constitute the main current through an NPN transistor. [Please
read para 12d again. ‘
355 At zero time constant? the change has just started. Review pa;'a 2d for
a better ynderstafiding of BG circuits.
356 Actually, copper ic heavier than most other conductors. Check para
3g(1) again. | ‘
358 An electromaghet would be an artificial type. Check para 5a again. )
359 Partially true. Review para 17e for a more positive answer.
360 Capacitance is defined as that property of.an electrical circuit that tends
to oppose a change in voltage. Check para 4c(3).
7362 Someday there might be this many known. Check para 2¢(1)%- .
' ' N t v 3 ! . M
363 CORRECT. Inductive reastance affects voltage the same way as ‘
resistance. ‘So, Ohm's law can be used to determine the voltage, or
E = IXL = 10,000 (2.5 x 1073) = 25 Volts. Co
i - - ’ ~ had
364 CORRECT. A hole is present because an electron is miésing. Since .
an electron is a gegative charge, we can’consider the hole left by the
‘ electron as a positive charge. ¢ T - ]
365 CORRECT. Two curves, one above and one below :he horizontal axig, -
represent a complete electrical cycle. : : )
) P . ’ B \" * Y .
. . L]
- 13 . ‘ . > ’
§ S s _
L“ . 4
S —_ . "“v - ..\
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A neutron doeg not have any charge.

capacitance: T =RC = 106x(50 x 101

A shoit circuit is undesirable because'a portion of the intended circuit
path has been bypassed. Read pira 4d again. o

CORRECT. The higher the value of transconductance, the greater the ‘

" signal output will be. . .

Check paraj2g(l) and try agothe‘r
choice. , e .

The magretic]field would collapse if a resistor was present or not.
Please read para 3b(2) dgain. A

- .

CORRECT. Hennes are the units of measurement for inductance. The -
inductance of a circuit in which a current change of 1 ampere per second
causes an EMF of 1 volt is equal to 1 henry.

This is an RL circuit so in order to find the time constant the inductance
is divided by the resistance. (T = L/R, T = 6 x 103 x 1066/3 x 1075 =

2 x 107°,) ‘This is ndt quite the shortest time constant. Please read
para 2¢ and 3¢ again. . .
Two or more elements combined would be a combination of elementg, N .. .

however, there isa special name for substance of this nature. Please

read para 2¢(2).

CORRECT. Sincethe same voltage is applied to all branches of a
parallel circuit, the vdltage-across the 250~ohm resistor wil] be the .
same as that across the 490-ohm resistor or 200 volts. -

12
e

The neutral body wovlid become the same polarity as the chhrged body.
Check para 2h. u

¢ L}

(‘
A magnet w111 not lose its magnetxsm just because it is broken in half.
Check para 5e(2)

The material used in the construction of transistor crystalg determines -
if they are positive or negative. Review para 5a and try another choice.

This is not really a good description of an €lectron tube. Take gfother
look at para 1b. . . '
R )
If you will read para 2a you will see that all material is either magnetic
or nonmagnetic. v ) .

This methoé requires the'use of very high voltages and because of this
it is not commonly used. Review para 2%and try another choice.

They are alike to a certain extent since they both oppose somethmg in an
electrical circuit. IPlease read para 4a again.
!

¥ i
CORRECT. Current flow is always opposve -the dlrectlon the artow is

pointing. . T

LY
.

°

CORRECT. . The time constant equals the res:stagce times the

2y =50 x 10°° = 50 Hsec.

.
"
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396

397

398

399

400

401

402
403

404

405

- This metal is the most widely used for electric

current.

. . ’.

CORRECT.  The first electron tube that could amphfy voltages was
developed in 1907 and was Galled a triode.

A switch is represented by quite a dlﬁerent symbol. :Check para 2b(1)}a)
and try'another choice.

CORRECT. The larger the cross sectional area of the conductor, the
less will be its resistance.

If this were true the atom would not be balanced, Check para 2g(1).

This is nct always true. Check para 3a and try another choice,
CORRECT. This is the symbol used to represént resistance, The value
in ohms might be shown by the Greek letter Q Omega)
conduction. However,
Please reafl para 3g(2).
Life expectancy is a very important considetatioh in the application of any
electronic device. Review para 4b and try another choice.

]

this is partially due to its low cost.

This might seem logical;.hoyever, when solving the formula for deter-
mining the Force Field, the square of the distance is used. Please réad
para 3c(1) again.

CORRECT. Cells of this type are usually discarded when they are
dlscharged - N
Remember, the load resistance is not changing with the changing plate
Check para 3e(3) and try another chome

"One of the charactenstlcs of a diode is its ability to act like a control

valve by allowing or blocking current flow. Review para 3¢ ax}a try
another chome

1

The effective value of a 115-volt line could easily surge to 125 volts
with the peak value somewhat higher. Please read para 2&(4) again.
v

" .

CORRECT. Jransistors are made of sensitive material. A heat sink
will absorb_most of the heat before’it reache’s the transistor.

.

CORRECT. This particular symbol indicates a multicell battery.

. - Ao
Not quite true. Read para 4b(l) and try anather choice.
CORRECT. In some materials an electron béing émitted by kinetic
energy will strike another electron causing it to gain enough momentum
to escape the emitter.

‘Take

A-capacitor acts like a storage battery and tends to store voltage.
another look at para 4h. -

CORRECT. In the NPN transistor there are a few electrons that-do not

penetrate the base but are attralted to the positive bade voltage. How-

ever, most electrons move from the emitter through fhe base and to the
S

collector. . Lo , ‘ -

15
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; Rémember that res1stance is an opposition to the flow of current.

L " - L i \
The wattage output of any electrical appliance is directly related to
the voltage and resistance: Please read para 5¢ again., !

Please read para 3a again.

Current is the flow of electrons through a conductor.. Check para 3e )
again, N

The initial voltage will be 20 volts; however,-across an inductor the
voltage decreases as time progresses. Check para 3b and fig 2 again.*

Plate resistance is the ratio of a small ‘change in plate volfage to the
corresponding change in plate current. Review para 3e(2) and try
another choice. .

This will affect current flow from a battery but it does not cause a
battery to operate. Please read para 4f again.

You should understand tbe functioning of aninductor better if you will
take another look at para 3b(2). .
Two methdds can.be used to solve this circuit; the'-reciprocal method
or the product divided by the- sum method. Read para 4d(3) again.
CORRECT. Each will have a north and south pole.

This formula is Ohm's law for find{ng the current when only te voltage
and resistance are known. Check para 5b and try another choice.

“'Not quite correct. Check para 8b and try another choice.

8

Both ER and EL‘canno't increase or decrease at the same time. Take
another look at paxa 3b.

All electrically charged bodies affect each other in some way. Please

read para Zb(l) again. . s
In order to be useful, there must be more than this. Check Rla;.”zja 2a(1) 4
again. =

L
In order to find the total current we must first find the total affective
resistance. Review para 4d and try another choice.

VCORRECT. The north pole of the magnet attracts the south noie of the

compass, and the south pole of the magnet attracts the north pole of the
compass. . '

Any external flow of current requires the movement of electrons which
are negative charges. Please read para 8a(3) again.

>
N

Eighty volts would be dropped across R3 and R4. Review question 55 and
check para 4e for help in solving the problem. ’

CORRECT If a negatively charged body were us ed, the electrons would
flow from it to the neutral body.

[

‘w 171 - . K
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427 CORRECT. This will provide uniform test results. /&%

N
* © 429 This is true for the strength of the charges but not for the distances
Check para 3¢c(1).
431 CORRECT, ~Counter EMF created by applying voltage to an inductor
‘ opposes any change in the flow of current.
432 The size of the cross sectional area of a conductor and its length dete}a/ -
mine th}iisistance. Check para 3f again; \)
434 inducta.nce in a circuit tends to oppose or slow down the rate of change
, v (increase or decrease) of current flow. Please read para 3b(6) again,
r 435 A diode has two parts; however, a transistor has more. Read para
’ il 92 again, '
436 The operating point is governed by something besides the pTa.te supply
voltage. Please read para 4g(l) and try ancther choice. ,
. s J:37 CORRECT, 'Free electrons in a conductor provide electrical conduction.
The greater the number of free el:}trons, the easier it will be for the
current to flow,
. 438 The farad is the unit of measure for capacitance., Please read para 4£(3) .
again. ’
) 439 CORRECT. At first the voltage across the resistor will be at maximum
’\,,' ‘but will decrease as the electrostatic charge in the capacitor decreases.
440 Think of a capacitor as an elastic body such as a spring which offers
little opposition to an applied force at first but provides increasing !
opposition as it is compressed or extended. Please read para 4c(3) again.
- - L] \
441- Not quite true. Review para 13b and take another look at fig 19.
g@ 442 . In order to solve this problem you must know the total current of the
. circuit, Reféi’%’ack to question 54 and para 44. ) LN
. 444 " Usually one does not think of induction in connection with direct current.
However, an automobile coil operates on the principle of induction and
direct current. Please read para 3a. ,
446 -Stopping of the current will cause the magnetic field to collapse. Please
\ read para 3b(2) again, N
- ) w - .
447 © Allowing secondary emissions at the plate is ane of-the und%si‘rable
characteristics of the #creen grid. Please read para 5a again.
448 CORREGT. Capacitance opposes a change in voltage while inductance
opposes a change in current. T8
. - > - ' .
- . 449 The megger is'actually a type of DC gzenerator used to test the resistance -
. \ . of electrical insulation, Please review para 22a. . R
. R "
s ‘ ..
. ' . W ) ’
‘ 17
. m‘wu L)
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Mutual conductance is the ampere. changes in plate current for each
1-volt change in grid voltage. Take another(\ook at para f(1).

To solve this problem you must use some of the information gained in
question 98. Check para's 3b and 3c.

This is true when charging by contact but not when using the induction
method. Check para 2i again. . ’ . -

Y

Not quite true. "Please read para 18c again. L ad

Remember, the time constant equals the resistance times the capacitance.
Check para 2¢ and fig 2.

Because copper has a high tensile strength is one reason why it makes
a good conductor, especially in transmission lines. Check para 3g(l)
again.

? -

" At this period of time the capacitor is not fully charged so current has

to be flowing. Take another look at para 2b.

[

CORRECT. The reactance 0f#a capacitor is calculated from the formula
Xc =

1
2mMFC
Thé:AC plate resistance ,15 equal to the change in plate voltage dwxded
by the change in plate current. Take another look at para 3e(2).

CORRECT. Therefore, we could say that matter is anything and every- -
thing except a vacuum. v s
CORRECT.‘ In fact the qurrent flow is so small it is considered to be
zero.

? ? -
The flow of electrons or current is'measured in amperes. Read para
42 again.
Remember that rp is AC plate resistance while g represents an
amplification factor. Please read para 4_f_(42 again.

. 1

Recall the rule for current in a series circuit. The same current flows
throughout the circuit. Check para's 3b and 4a. :

Not quite true. Check péra 5b and try another choice.

In this case each layer would tend to cancel the effect of the other.
Have another look at para 5m. :

In previoud lessons you learned that \Sﬁike charges attract and like
charges repel. Please read para 7¢ again.

. The henry is a unit of measurement of the inductance of a'coil. Please

read para 3d again.
D ! . s

CORRECT. Ina reverse biased diode the_electrons are in the mmonty
Since theje are only a small amount, very little current can flow. -

. ' .
. 18 17:

s




Adding a load to the plate will add a voltage drop, making two voltage .
: drops in.the plate circuit. The sum of these voltage drops must equal
~—tKesupply voltage. Read para 4g and check fig 22.

This symbol is used to show inducta;ce in a circuit. Check para 2b(2)
again.

CORRECT. The plate voltage at zero plate current is one startmg point
of the loadlme )

This’ type of circuit does not have a magnetic field. Please read para
2e again and try gnother choice.

Steel hgs a high{retentivity and therefore is not suitable for use in relay
electromagnets.! Check para Sm again.

-

CORRECT. Ifa molecu'le is reduced’in size, the substance is changed.

Usually a differerice in poterrtlal is what causes electrons to flow.
Read para 3¢ again. )

Silver is a metal composed of a single element. Not like steel which
is composed of iron and other elements. QHeck para 2¢(2). .
CORRECT. There are always the same number of electrons as there are
protons. .

This would be true for resistors but not'for capacitors. Please.review
para 4i again.

« ’
”

CORRECT. This is all that is known at present. ° o,

Id

This would be called current—~not resistance. Please read para 3f again.

Though they are smaller, neutrons do%ave a larger mass than electrons.
Check para 2g(2) again.

Soét iron does not make a good permanent magnet since it does not have
inuch residual magnetism. Please read pax‘a 5c(1) again.
CORRECT. All generators depend u?pon thls characterlstlc in order to
produce electricity. .
The cu.rrent is directly related to the voltage and the resistance. Please
read para 4¢(l) again. .
CORRECT. The total current of a parallel circuit is equal to the sum of
each branch. It = I1 +1I2 +1I3 + 14; therefore, since applied voltage is
24V, 11 --% 6 amps; 12 = -—6- 4 amps; I3 --—‘8}- =3 amps;and If =6 + 4 +
<3 42 =15 amps. .

-
» =

CORRECT. Therefore, there is‘little current flow.
e »

Every magnet must have two poles. Pleage fead para.5e(2) again.

-
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This is a term used for the measurement of electrons. One coulpmb

contains over 6.28 x i0l8 (quintillion) electrons. Please read para 3¢
again. ; .

CORREGT. With the ‘tube not conducting there is no voltage drop across T
the load;-therefore, the éntire voltage will be dropped across the plate. '

A pentode tube does have a screen grid. It is used to reduce the

capacitance that is present between the plate and the control grid.

Review para 5b and try another choice. , -
This formula would be tsed to find the voltage of a circuit. Please
read para 5b again. .
This would be true if resistance R1 was the only resistance in the circut. \
However, there are three others that must be cons1dered C‘xeck para N
4d?1) again, ' ‘ ’
CORRECT. Due to its construction, the life expectancy of a transistor °
is much longer than that of a vacuum tube. .
A resistor dissipates energy in the form of heat; it does-not store it.
Check para 3d and try dnother choice.
Since the two resistors are of equal value it is fairly easy to find the,
total current. Please review para 4d again. :
-t ‘
At times this miglit be true. To understand charging by induction fully, ""
read para 2i. :
§ ¢
For all practical purposes an electrical circuit does not store energy
in the form of heat. Please read para 2e again. >
CORRECT. This would have the same effect as opening a switch in the ot
ciréuit without a resistor. ; .
CORRECT. However, care must be taken not to introduce more than ..
1 ma of current through the transistor or it.will burn out. : ~
A A - |
CORRECT. By the same token the small case letter "i" is used to .
indicate the instantaneous current. ' .
The voltage is not used to find the capacitive reactance of a capacitor. °
Please re ara 4h again.
. (R
The time ant is equal to 63.2 percent of the total change caus i .
applicatio step voltage.% Take.another look at para 2c ) }
The rule governing voltage in a parallel circuit is quite different than ' ’ L:‘?f—x_
that used for a series circuit. Please redd para 4d(2) again. 4 ; ‘
CORRECT. That is why an atom is always balanced.
A primary Cell is the type that is used in most flashlights. Cheack
para 4e(1). ] ” ~
. , . . .
' 20 - N
. 17 J P -
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by itself. Please read para 25(3) again.

Not comp‘fetely true. Check para/3c and try again,

Actually, paper would be attracted by & piece of amber. Check para
2a again. ” ) . ) * .

In a fixed capacxtor the amount of capac1tance remains the same
regardless 8f-a change in voltage. ? Take another look at para 4f. .
% .

All substanoes are'made up of atorns; however, an atom cannot exist

As discussed in previous lessons, the ohm is the unit of measure for
resxstance.j/ Take another look at para 4f(3) and try another choice. .

CORRECT There are 102 lgnown elements. All matter i8 made up of . -
ofie’or more of these elements, o

E}

o

eln fact, the peak value of an alternating current is the maximum '
instantaneous value. Pl:ease review para 2h(4). - > g

>

Higher input voltage does not increase the output voltage. Please

-+ read para l5¢ agam

.

-

CORRECT. Using the reciprocal method, RT.= ] -1 ] f or, ,
. — e b e i
. 1 1 R}l R2 R3 R%4 '
RT —-]:. +-1. 1 -1- E =1 X-B = 1,6 ohms. .
4 6 8 l 24 - .-

a9

£
CORRECT,. Thxs is the reason transistors are called semiconductors,

- & T

The current through the circuit will gradually decrease whenthe battery
is'switched out of the circuit. Take another look at para 3b(2).

CORRECT. Voltage is the term used to indicate potential difference.

3

Actually, resistance impedes the_current flow.” Check para 3t again.

¢
Chemical action is what generates electricity in a storage battery
Please read para 3g(2).again. v

R

Neutrons and protons have about the same mass and are about the same
size. Check para 2g(2) again, “ ’

CORRECT. Since 50 usec is the time constant, 500 usec represents
10 time constants and the voltage across the capacitor w:.ll be equal, bo .
the full applied voliage ‘of 30 volts.

Finding the resistance in a parallel circuit is quite different from finding
:that in a series circuit. Please read para- 3d(5) again, :

’

In some respects a capacitor functions somewhat like'a storage battery.
Please read para 1 ajgain,

CORRECT. The:.polarity of the point being.tested’ would determme whlch
sign, plus or mmus, would be used. .

-—

21
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. “, 548 Natural materials such as germanium and silicon are usually used in the
construction of transistors. Check para 5b. -
549 N Current is affected by indactors but not by capamtors Please read
. para 3j again, . :
551 Since we already know what a time constant is for circuit No 2, this
== problem is not too difficult to solve. Check para's 3b and 3¢ and fig 2 L
R again. ) s .
’ © 553 o CORRECT,:. A Pesistive circuit is said to have an ideal transient. ’ .
.. o- response. T .
555 The peak value is the maximum value. Check para 2h{1) again.
556 In order for an electron tube'to be used as a mixer, it must have moré - ’
than two electrodes. Take another look at para 3a.
557 This answer is partially correct. Check para lb and try another. choice.
558 Application of a load will change the tube characteristics from static to i
dynamic. Take another look at para 3e(2). - .
559 CORRECT. The only difference in computing the induction and the’ P
resistance in a circuit is the unit of measurements used. Y
560 There is no biased—vl:lta'ge from the emitter to the collector. Check
a - para 12a again. " *
.t 561 At first glance this might appear true; however, remember that the .
time constant is equal to the -product ‘of the resistance and capac1tang:e
P Take another lock at para 2¢c. . N
562 “The' effect that charged bodies have on each other is the basis used in the
‘ construction of motoTrs and generators however, two positive charged ' ¢
bodies do not attract'each other. Read para 2b(1) agam
563 The atoms in a:conductor do have something to do with its resistance to - - "
' , an electrical current. But a better answer can be foind in para 31,
* . /Ax\ ~
565 COR.RECT The average value of alternating voltage or current.i$ the
- ‘average over one-half cycle or 0.637 times the peak value. So'V avg =
N 0637me-0637x770 490.49 V.
569 CORRECT. An ammeter indicates the effectwe value which is 0.707
. times the peak value.
569 CORRECT. Because an electron tube can slow or increase the flow of
elegctrons it can be compared to a valve. s
570 This symbol represents a generator or motor. Take another Yook at para
2b(2)." ' .
' 571 In a sense this is correct; however, "k’aegatwe charge§ are not always in the
‘ majority nor are they always méhe mmonty TFake another look at para
S e llc . . L7 . , = -
'1 - - «'v" ‘Q\’ o .
E \l,C - .‘ . . ; 22 > B — % - |
K - iy . e ].J { : ) J i . e
o - - - - . .

e

— M <4




-, l N . i /70 .
572 One of the rules of magnetism is that unlike poles attract each other. .
- * Check para 5f again. . . -
. ' rd . LN
573 ' The size of the cross section area .of a conductor greatly affects its e
resistance; howeverJ in this case, it would not be doubled, Check )

para 3f. . . A

~ e

e

575 CORRECT, Usmg the formula E = L di/dt (where E is the voltage, . .
i8 inductance, and di/dt is the-rate of current change), we can say that c‘; )
the voltage divided by the inductance equals the rate of current change -
in amperes. = di/dt =53 8 amps per second. * . .

576 Fhe output signal of the common emitter circuit is out of phase with ' ) B

) input signal. Please read para 17¢ again,

i
®

. 577 CORRECT. A permanent magnet will retain 1ts magnetlsm over a long " E
period of time. N N
578 ,. CORRECT: This is true because the force is equal to the product of the o
quantities of the two charges divided by the square of the distance between ’ .
. ‘., them, . <
. N P *
. &Y . . “
579 CORRECT. The test charge will be acted upon by a charged body. ' Qs .
’ “~ ?
580 * The rule for determining voltage in a parallel circuit is not the same " ;“ LN
ag that used with a series circuit, Please read para 4d again. . f‘ )
P W
581 Direct current always flows from negative to p031t1ve. Check para 5m 50
and try another choice. .
) P . " ) . *
582 If this were true the atom would aot be electrically balanaed. Please read N
' para 2¢ for a better understanding of the construction of an atom. . . T
. ) r? ) L T :a‘u -
’ 583 7 By itself the crystal diode does not amphfx. Take another look at para -
9b . - . %5
584 -~ CORRECT. Direct measurements can be made with the voltmeter. : o
' 587 _ ' The first procedure in solvmg this problem is to find the maxlmum ' ™
: current. Take a look at para's 3b and 3¢ and-fig 2. - :
- 589 ' CORRECT. Most of the electrons are travelmg at a su££1c1ent speed to =
pass through the thin base material and go to the collector. ' N
T 590 CORRECT. An ammeter located at pomt A w111 indicate 4 amps, the
. total current in the circuit. Sinee-we found the' total resistance in S - »
s * question 54, we can use Ohm's law: It = g =ﬁ.- 4 amps, ) . -
. . e ’ N’ .
: ’ 591 ) _This is the symbol for current. Check para 4a and try another choice,, )
» B , . . - N
T 593 ~ A. cathode is the element that emits electrons.%heck para 4a and try X
. another cho1ca. . - T Sy
o ‘ = > T - . ey
, 594 This type of ceﬂas.a wet type and can be recharged electrﬁ:ally whén 1t is
. _ - erun down, Take another look at par’i 4e(1) l
. b ] !
- N 23 « : s .
» . ‘ -
\ T
\)4 . ' - R l 78 )
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595 A neutron is a part of somstypes of atoms; therefore, it must be
“classified a3 subatomic. TFake another look at para 2¢(5).

596 > This might seem logical, but it is not 'rue Take another look at
para’13b again. ) ) . 0
. O
597~ B Copper has 29 protons, 29 electrons a.nd 3: neutrons, Take another
-look at parg 2e. -
598 The base is simply a mount for the rest of the tube compon’énts
" Check para 3d(1)=gain.
4
599 ° This symbol indicates two cathodes and one plate. It is dot thqy'nbol
for a basic diode vacuum tube. Take a look at ﬁg 2,
600 - A flattop wave is, used to portray DC voltage applied to a circuit until
- after the current has reached its maximum and remained there for
. " a given tm*e. Please read para 2e again.
A3 » J .
601 ¥ CORRECT. At first the enure volfage is ?resent fcross EL c-eatn‘ig
- . an and preventing the flow of current: ~After a short time, the
- . voltage at EL decreases ?nd appears across ER .
602 . CORRECT This is o’ne of three prir"ﬁ”aryﬁbe&onstagts that must
be conndered when onstructmg tube characbenshc curves.
1603 | The greater the renstance ;he less mll be the current Check.para
. '3a(2) agaux. - e
o ? .
604, ’*Iot in an NEN tr’a'nsistor.' Take a.nother%ook at para l2d. )
‘ . 4 & .
605 GQRRECT Dividing the mductance b;s @e renstance we find the time
“l : constant T = L/R: T = 4 x 103 x 10> /10"'1 =4x10 7. Thxs is the
shortest time. . e . 3
606 "_. Fhis i\s a httlge too many. Take another look at para 12b(1)and
L try ancther choice. . °” . '

) " e

607 - This is not a chzractenstxo of an mductor Plear réad para 3b again,

_' ,fOB' o CORRECT Voltage applxed to a capacitor produces an instant current.
: "however, due to the chargmg process, voltage buildup 15 delayed.

¢

609 ' . _CORRECT.: Two or more crystals must-be used together to cha.nge- the

B .. . amount of current ﬁow .
N . . ,,‘v"
610 COR%EGT R is aisd used in voltage regulator power supply cxrcm;&
611 7 Lf'yrou-mll check para 24 and fig 2 you will sée that thig is.not true.
> b
612 CORR:.C’E. A compound is maae up of two or more dxﬁe-ebt elements.

514' / Becau;e only 25 ysecl havefi ssed since the apphcation of the' oosxtxve
’ ’ ' step voItage the, ngnetxc field xrust be cha.ng'ing in some way. Check
para s 32 and 3b ” ot S |
‘d : -

Voo Y

) ) L . . . .24 ‘. o
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615
617
619

620

621

- 623

624

625

627

628
629

630

CE)RRECT. Power in watts is equal ¢o the'voltage multiplied by the
current (amperes).

Volts are used to indicate the amount of electromotive forceina .
circuit, Please read para 2a again. )

. ‘ »
I think you are headed in the right direction. Make sure your mathematics
are correct and check para 3b and .fig 2. <

)

another choice.

. 18

A neutron s an uncharged pajc]pe of an atom. Review para 6b and try f

R Y.
The current can easily be calculated by using Ohm's law., Take another
lookat para 3a(2). | -

Resistance. The voltage divided by the current is one of the basic rules
of Ohm's law; however, different symbols are used to repreaent the small
values involved. Please read para 3e(2) again. '

CORRECT. Capacitance 1s a kind of e1ectricali.:1ertia opposite'in effect
to inductance and similar to the property of ela 1c1ty in mechadical
systems. , v v

The symbol "E".is usually used to mdxcate battery potential. Check
para 4e agam.

v
. [}

CORRECT Silver is a better conductor: than copper; however, its high

cost makes its general use prohsztwe .

T}u: would be true for a negatwer charged body. Please read para 2h.

CORRECT. The total voltage is dropped across each resistance.

The item we-a:.'e looking for contains many atoms. Check para 2¢ again,

The current value at point A would be the same as the entire circuit.
Review question 55 and check para 4e again. v :
The loadline will indicate the grid bm%s voItag& Please rqad para 4g(1)
again. ,

.

CORRECT. Since soft iron has low retennnty, it malees a good core for
a relay electromajgnet. - . °

We could liken the potential of an electrical circuit to the pressure of a
water system. Take another look at para 3e. .

GO‘RRECT This is because the square of the dxstance 1s used when _
solvmg the formula.

- ..

CORRECT. Watér is c'p;nposed of two elements: hydrogen and oxygen.

>
<

The formula used to find resistance in a series circuig is‘mu_ch simpler
than_this. Checlg)para‘ 4b(1). .

CORRECT. An ion must have either a negative or a'positive charge.




"
.
-
’
L
L
’
9: ~y.
»
A
.
' ‘1
O

ERIC .-

Aruitoxt provided by Eic:

642

643

644
645

647
648
650
651
653
654
656
657

659

662

664
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L 4 ]
_ Almost true. Review para 4d{4) and try another choice, -

! Protons are positive charged particles in the n%cleus of an-atom,

Please check para l1lc again. N \

This is what causes current to ﬁo?:. Check para 4f again. -

P is the symbol for power. In elegtrical circuits it indicates wateage. ‘

Please read para 4a a.'gain. 2 @ b .
. ,Remember, voltage across the resistor is at the maximum value when "

first applied; then gradually decreases until the capa'itor is’? fully charged.
Please check para 2¢ and fig 2. s ]
CORRECT. q:\:tate.rials such as silicon and gez’maniurr{ are refined in as

.pure .a state as possible‘and then contaminated with impurities to give

them the desired charactj:.risi‘ics.

) ' . : .

CIORRECT. However, due to its high cosy, it is used only for spe'cial
purposes.

.
s

' This would be true for a series circuit but not for a parallel one.’ s
* Check para 3d(5) again. -, _ ’

-, 2

Not always tn.( . It depends upon the pla.te voltage. Re\;:iew para 2}3_(1)
and try another choice. - i’ '

The mdnctwe reactance of a coil depends upon the frequency of the cxrcmt .-
.and the inductance’of the coil. Please read para 3d again.

rward b‘iase‘d dicde allows a large amount of current flow because thé
majority charges aré moving.' Take another look at para llc.
3 . » °
In order to solve this proglem the time constant must be found Check -
para 2c again. 1Y

~
)
.

- The value of each tube constant is determined by the opsrating voltage
° " applied to the tube. Revxew para 4£(4) and try another choice. . e

. CORRECT. A molec:ule’ c‘ontfains a number of atoms. For example, a
4 molecule of water contains two hydrogen z}pd one oxygen atoms.

Mot quite t;'ue. Check para 3b(2) and try another chboice. . ¥ \'
- A test charge is used in the exploration of,an electrical field but not to - .
‘,cﬁarge a'neutrai body. .Please read para 3b again.

’

This is a shape of 2 magnet. Please read.para 5a again.

This symbol iscused sometimes to indicateg«a dxode but not one of ﬁne

vacuum tube type. CHeck fig 2 agam. ’ o M
. a . ’

icapacxtor acts something like a storage battery. - Pldase review

pafa 3] and txy another choice. *

2,

©

L2 ' b 4 * \ . _

This method of emission uges a Kigh electric field ?;.Iattract electrons
from the emittér.. Review para 2¢,and {ry another Yhoice. -
. N hand \ . -

v ‘ . \ , - -
« N . . -

.- #fO9 | . S,

\(/ -J r.\' U-L . . Fy 4
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669

671

672

674
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« 675

676

O
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-3

. the same throughout the circuit, you should have no trouble solving

- This would be the correct.way to’ conieti;a.n ammeter but not a- voltmeter

s’ s
.. &v - .. .
_Coqsxder a neganve steg voluge as a temwar of appli&i'voltage. LI'ake . .
another lopk at paza, 'ZH-ZL L - - - R
- . . R ‘. - - -
= 3. NN 4 ._."x' ~ - hd R 3 -
: Ind\rction in‘a circu{t is aetched m'the same .way as 'resxstahce. -, \ - ..
Pleale read para %_{l) again. ., ‘ s _~':-~ _';, AR ‘
.&.t‘e:t"charge z,s u!;d in exblonng eYectrical f{elﬁs. Ihe safe charde T & Tre

As a rule thm method is undesir‘:me. Please read para 2 again., ‘/7 ; /

If you will remember that current flow in a series circuit is always

this problem. Review para's 3b and 4a. }

‘ )
CORRECT AC plate resistance is about one-half the value of DC .
resistance in almost all vacuum tubes. : % R
CORRECT. This opposition acts like resistance to the flow of current e s f-;“'
and is measured in ohms, Y P K {

The opposition of a capacitor to AC depends upon the frequency and ﬂle B " .
capacitance. Check para 4h again T .
4 o2 -
This should not happen if the.correct soldering iron is used. Ricasc rcad
para 2lc again. : R m;"\’_ e
“ e x'-{'..(
CORRECT. A change in base to emitter voltage causes a chan'ge ip thr “»
collector cyrrent. *

) .A’ L Y

CORREC?. -We found out in questjon 55 that the voltage drop across Rl

is 40 volts, That leaves 80 volts to be applied to each parallel leg.’ * since Y

R3 and R4 are.of equal value (30 ohms), one-half of vblta.ge applied to - @

this leg will be dropped at R3. To solve this problefn we need-to know" .

the current at R3, So, I‘= .g =%g =1-1/3 am.pa: tl:zuc,_*E.I p IR__'- 1-s1/.jsoxb 7. st

30 = 40 volts droged acroés R3, o "-":-_,-,. . ". i 4 ; s _
’ 4 N ¢ ..

CORRECT. The reason for this is to make it asxer fortthe electrons 't;s

pass through the base on their wdy fronf'the gxmtfer to the collector orr )

vice versa. b - “9. ] «'*iw

. M o . A

pa RN

. . -~ > .
S e - . . »
e e R L N

e + o Q v

This answer is partially correct. Gheck para 7c and | try another choice, ™ K ’ -

The amméter will mdicate the effectxve <urrent whxeh_xs nevef as much as, .
the peak current. Take another look at'pa-ra 2h(4) .' . .- 4

CORRECT. Since the two capacrto‘irs are o{ thc sanh va.lue, we caﬂ use .
=14 1 : 4
the: reciprocal method; i.e., —__Gl +C2 = c/; .?"""'—‘——’1:“6 +1/19 ° 8 rmcrofarads.,

Please read para 4¢ again.

This formuh is zlm@mt correct Ghtck baza '3c(21 agxin,. -,

musf b&uneﬂ:’in-al} te's}.;-ip gi'der.to provxde umform ?esults. Check )




691
(692
e ( " 693

694
695
696

697

. 698

*

699 , ¢

-T.\a.se to stop curzgat flow, .

~ N .
t 3

Asa mle it isnot desirable for an electromagnet to hav! a largp
amount of retentivity, Check para 5d(1) again, '

CORRECT. ‘The transistor can be compared to the three element

‘vacuum 'cube—the triode.’

/
Voltage across the ca.pacntor would be mcreanng not decreanng
_Please read para 2b again, -

% [N

-

*a
Ad ¢

= Rerrember, the more resistance, the less current\ Take” a.nother leok

¥ at para 4c( 1), ) .

CORRBCT. Therefo'r:e,-git will take a positive veltage applied to the ..
% ’ )
There is sonethmg that tends to oppose volta.ge changes, but it is not
inductance. Please rjz& para 3a again,
- ; ) ¢
Trutsco.nductance 13“ also called mutual tonductance and expresses the
relationship between plate current and grid volta.ge. Read para 41’(3)
again. . 11 ) .
>

The grid does vea small volta.ge applied to it; however, it is mot
called thé operating pomt on the loadline of the gra.ph Pleaae read

"paTagg(l).

Any generation of electricity will produce a céMain amount oi heaf, In
this case heat is an undesirable byproduct. Check para 5k(2) again.

~t

-
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. * LY . Lt
) 1., What 1s the outnut wavefo-m across the capac1tor if a positive step voltage 18 appl: e:z
“to the circuit 1llustrated? - . ' e
i L, - - il
\ i a‘ ht . &
* . = 4 ’ . " <
i S N : Lo
. . \\
'," s 2. ™Which elemgnt will reflect the greatest space charge density? .
: ‘ ) S ¥
« . . Screen grid ' . $ .
‘. Control grid . DA
T Plate_ \ . ..
| N Cathode . , -
o o M
- < . . .
LY \ -4
! : ‘ \ :
[N L] - .
; -
X . , L \7 ] \ - » x
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|
§ a. Red, orange, red, an . ,
| b. Orange, red, red, dnd silver v
\L " ¢. Orange, red, orange, and gold .
., c. Red, orange; orange, and silver , .
| b
|
- 4.  WHatlis thhe RC time constant, in seconds, of a circuit of R = 100K ohm and C = 0. 0000!
: of a fafad® ’ ,
N , , ¥ . ,
- a., 100 ® ) '
g o .
- b, 10 o /f '
e, 1,0 . : °
- -, ’ 4
a. 0.1 )
2. What tactor does NOT affect the resistance of a conductor?
' 2. <Cross-sectional area ..
% Lungth of conductor .
_ - Tz Mater:al of conducter . .
. a. Type of insulation )

5. "S¥hat arcthne MAJORITY-type charges in.an N-type crystal?

. .

o . ‘' ? . ' ’
¢ a Electrons .
n. Holes - " '
- €, M.eutrons - o o . .. . ’
. . d. Protor:s £ , .
7. What current 1s :ndicated by an AC ammeter? . < ) . -
R . — . i
- ) . r o N
a. Instantanecus . : . T
s b, Peak - . v .
c. Effective - - \
. " d. Average . . \\ : ) :
] . . K ] :
3., “What BEST dcscnibes current flow in any circuit? e \ .
e . a. Elgctrons 3 - . -7 .- * - -
S b, Hotles )

%

e - v . L
R \\ (:. ..rctons < . 1 . /.. .
. a. Neutrons L 4 . ] . . .
— -

+ ‘ i

»+ 9. Which output :s produced if an AC signal is applied to the gofitrol grid of a triode tube?
+ . ! .’. N
a. An aiterrating plats current ) . ’ ", . P
5. A varying nggative DC plate current : s
€. & varying positive DC piate current ' , .
é. A varviny positive and negative plate current 1 -
- . . . .
v . e M !
\ . R .
N T \
S = - -
- L A Y
7 , D . ’ \ . : \
. , A .
- . , ? m - -
: ' . - M .
' ' 1 O~ - . &, .
o - Y S 0§ a8, =-P2 -

. \.1 . ° T \ . . .
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15.
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Which symbol denilgxutes a properly connected battery?

»

- > —'—{|||||-;" ¢ 2
e e

. In what direction do the majority charges move in a PNP transistor?

-

Collector to emitter .
Emitter to collector
. Base to collector

__B‘%se to emitter

an ow

In v;hxch circuit is the current the same value throughout the entire circuit?

.

a Parallel-shunt .
b, Series ) ’ .
c¢. Series-parallel )
d. Shunt. ) v ) -
Y
What charge will attract a positive charge of electricity?
4 o -
a. Positive ’
b. Negative
c. DBalanced ~
d. Neutral . .
T P
How will a capacitor respond in a circuit that has both DC and AC applie y
- TuA
It will act as a battery ’ '
It will act as ar dBen to both DC and AC .
It will block the DC ) . L
- It w1ll block the AC i )
What is the phase relationship of the voltageoand c’urr.ent In a pure capacitive cir

A

Voitage 1eads the current by 90°

F

8. Voltage and current are in phase - P Vo

“c. Current leads the voltage by 90° \

d. Current lags the véltage by 180° . ’ .
‘. [<d 0

According to Coulomb's law; ‘the force between two electric ¢harges will vary .rversecly

with the T ) '

: v o~

a. ,distance betweer} them.’ b s

b. substance Between them. . ..

c square of the distance between them.

d ’ Al

. .- square of the potential between them.

\e

e » \ .
t M .
' . . -
.

ok
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17. 'What unit ls equal to a flow of electical charges at the rate of |,
/7? one coulomb per second? )
a. Ampere :
" b. Farad . .
c. Milliampere
d. Volt

18. _ How is Lhe time constant in an RC circtit affected if the value of
the resistor is halved?
# a, Increased by one-fodrth
b. Increased by one-half
c.  “Reduced by one-half ' t
d. Reduced by.one—fourth i L
' ) ~ ' il
19. What happens to the energy in a serles RL circuit if a ste@By flow
is rapplied?. . -
a. Dissipated as heat and some stored as a magnetic field
b. Dissipated as heat and some stored ds an electrostatic charge

c. Stored as both an electrostatic charq\uand heat

d. Stored as both a magnetic field electrostatlc charge
| .
.20. What material, if rubked oh a glass rod, will produce positive .
electricity? ’ . , ‘ <ot :
]
. . < a.. fat's fur ' , et
b. Wool ’
: c. Rat's fur . L = -
a..ds Silk - ¢ . ) fo -
- - . Jﬁp ) ‘
21. Which‘alphabetical'symbol,represépts current in a circuit? -
" a. B . . .- ‘ o :
b‘ C o - ) ~ .
I . . .
A s ©

' s *

: c. o . : ‘
. 4. o
. % - : T

22. What is.one of the MOST 1mportant sources of voltage for mzlltary

. , eqguipmént? .
. a. -Batteries .- - \
b. Converters$ ) ' . .
c. Inverters - S ‘. .
,”Mf3 d. Generators =~ - . - o
y . - A Y
=~ 23. Wthh type cathode ‘is normally activated by heat radiation? ®
a. Cold - .

"b. Directly heated~— . ;y
. g. indirectly heated .o :
*'d., Hot . Co

-

24;: What 1s the value, in ohms, of a re51stor whose color code 1s ‘brown,

bl'ack, "and orange? . "
a. 100 : S \ coL,
b. l 000 . ‘ .
c.. 1,500 o “ o
o d. 10,000 _ 187 . -

3 % t 7
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26.

b. It contains few free electrons

What will happen to the inductive reactance’value if the trequency is doubled in an AC
circuit? o ’ ' -

.
L. ~ . 4

a. sDecreage by half : > i ‘ . - N
b. Rermain the same . x
c.. Increase twice - .
d. Increase four times . .
s

Wh'y is copper a good conductor of electricity? g ' -

a. It contains many free electrons
c¢. It has no negative charges
d. It hag no positive charges

What BEST describes altérnating current” ‘ s

/ for

a. It periodically changes in magnitude and continuously changes n directron
b. It constantly changes in magnitude and direction

c¢. It periodically changes in direction 4nd constantly change's in magnitude
d. It constantly changes in direction but'not in magnitude

. s N
- . .

How many fime constants constitute a fully charged capacitor® J— — -
a. 1 ' . . i ;
b. 3 ! .
<. 5 ) \ 4\.7 Ty - ‘ » -
d. 7 ‘S -
Which for&ula is used to compute the AVERAGE VALUE of an AC voltage”
& E yg=0.707En. - . ‘ .
b. Eayg =0.637 E, g * .
= E : ST
CoErmel LS
© Tavg T *m - Y- s ‘ : -
. £
% ‘ . 0
A -
-
) . - ¥
- - - - . N A 3 2
Which particles are found in the nucleus of an atom? - - s
. n . s - -’ ) '
‘a. Electrons and protors s, ° Lt . - ) i v
b.. Electrons and neutrons . - ) . o ’ . -
c. Protons and rlements LT < .
d. * Protohg and neutrons n . . o
- . \' ({' .
» ) .
- ' \‘ .
A N \ f ‘ . -
- . L]
‘ ' ds 98, E-P5
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/X/ 32. What is the smallest particle into which any matter can be lelded ‘
" and still malqtaln its original characteristics?
.+ a. Molecule , .
b. Atom .
' c. Proton - ' ’ Yﬁ””
., " d. Electron ° '
'33. What happens a fractlon of. a second after a positive step voltage
‘\ ' is ‘applied to a series RL circuit? , ,
a. It is zero and EL is increasing
— b. It is increasing amd EL is zero . _ -
¥ is decreasing and EL is decreasing .
. r is increasing and EL is decreasing - .
34. What type of electron.emission is produced in a vacuum tube When
ilght strikes a slllcon surface? ~ ) o
a.! Photostatic .
b. \ggotoelectric ‘ , : ; A i\ ¢
.C. ermionic ’ -
R — 7d.~ Nucleonic \ T - ’ “T"”*Tff%—'””
S \ & IR
* 35. What trans;stor design feature insures, the proper socket connectlon°
' a. The base lead is set apart from the other-leads and mar@yﬁ / X
. b. The emitter lead is placed in the center and marked P
c. The base '‘emitter leads are adaptable to fit different shaped holes .
d. The collector hole is spaced farther from the base hole than the N
emitter ' :
'36. Which UNIT is negatively charged’ : 1
‘a. Positron . N °
. b. Neutron o
c. Proton 8
&@. Electron 9 . s
"37. What is ONE time constant, in percentage, of a capacitor that is *
being charged? ' "
. a. . 19.9 - '
' _ 7  b. 35.8 Q ' :
A " e. 63.2° ] , ‘ \ "
d. 83.4 4 -
. .38. " What typé of CHARGES move "in a forward biased diode? ‘
""a. Negative ‘ e .
b. Positive i ) ‘
c. Minority 5
d. “Majority' ! ,\ o
'39. Whlch type electron tube is" normally used as a rectifier?
a. Pentode
b. Tetrode \ ' i
c. Triode, Vo ‘ )
d. Diodé- |- : \
Q ) i n
y 189 os g8, E-vs ;
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40 A positive step volfage, followed by a negative ltep' voltage at regular.intervals 13 what

g

o,
]
A

.
-

. Jkind of a waveform" ‘. . - , ,
a. Periodic, sinusoidal . ~. ’ " ¥
* . ' b, ‘Aperiodic, sinusodial | ) )
s c. Periodic, nonsinusoidal o - N 9
- d. Aperiodic, nonsinusoidal :
T : \ AR to ) ' ) . >
. 4}. Which path will current normally follow?
N ¢
Y . +a. The shortest ~ ’
) b. That of least resistance ., N ) ‘ 7 -
. ©. That of most resistance - = - ‘ , ' ‘ -
d. The longest s i W, ) B
) 32, What limts the plite cyrrent of the triode fube'that utilizes oxide-codted filaments®> - )
' . - . > ; 4 0 5 « . o
; T a, Plate current detenoratxon and cutoff” ’ , . .t o
. b. Plate turrent saturatxon and citoff. ’ “ v
- ,€. S.con’ a" emission.and cathode current . o
d.s Secondary emission and grxcl current . . "5 L . ‘. 6‘ ‘
. . J W ’ - * . -
" 43 Which symbbls are used to compute the voltage gain of a transxstor" —— - ._.4.%5.‘7.-
. B 'y s A v .
. & i o N . . o i - . s
. . a. Vbe/Vee - . .o i - > .
. 3 R - N . B . a - u
- b, 4Vce/AVbe: . . . “ - 2 .
. > . - : . 3N
, ¢. eblec . . . ) ° .
CE . 2 L e
d. ecleb - ‘ :
. . . o . - A - e
G . 44.. What change 1s opposed by 31.1 inductor? e 3 . > .
7 N ~ B + a,fv - e
. L a, , Current 2 > . VR, ) : - ;
s N - .~ .ot - .
L P . Capacitance ORI \ , . .
. - .
‘c. Resistance T g . : . Y )
: .. L3 . N
.o . . . é, Voltage - . . ; -
» . < . ’ M . . ! ..(»
u 43. What will hapoen it"a posxtxve (+) signal voltage js applied to the base of an NPN comrqon ~
cozlector circuit?. . % s 5
s .. - e . -
- . N i > -
- :a. The output voltage will decrease . - - - -
’ ' b. -The output voltage will increase - P ) ~
P g ..
. ¢. The férward bias will decrease ° . . o . .o
. N d. 'I'he collector current wxll decrédse s b N
e ‘l . e N - N al
¥ -46. Which is a CHARACTERIS‘I‘IC of a parallel cxrcuxt" . 5 - H
. ﬂ K LAY o
. a’. The combined resxstance is always less than the Smallest re¥istance in the circuit . . ' 5
- : b. The combme,d resistance is always larger than the—largest resxstance in the\;u‘cuxt -
- "¢. The same current flcws in-all parts of the circuit ' !
~ i - o
‘%‘_ - d. The game voltage drop is applxed across each resistor , . S 5
v "y 8 . B & g, *F ’
‘ - » ; . . . ) - ? ~
. . - o . Wt ‘ e . .
- . . * oA B :
M - N a 5, :
L ’ . ~ «
’ » < 4 L
» - " - - > *
- Q - » ¢ o n
~ 0598, E-PT. L
{”—.4{ == v R g P i - g : ’:‘9
R ' - ' i
o e . ) 1 , e p ,
' A | ) oy
. & A . l’.. A .
: v N p
o . 19¢ { - EY
C : ‘o . ,
. - ~ ? >
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T, 47 What 13 thp ad vjnt&-ge of»usmg the ;unctxon trans: stor over the poinf contact transistor? - : .
. % 1B ‘ o ‘ o
- . Vv . P K] . N . i3 . ’
o ' Greateﬁ powir capa.blht}y ;«,fw-m; L s , e - F -
3 . b. Eas;er to install: 3" o ia & ‘ & « L. L gt
. . ' b X @ fe . TS
, e ?cg; Smialler shq,nt capacxtance' Y U b4 Lo et R R AT
© d.™ Small £ R S . v, LB
& . d. maller in slz: 2] . A . R S . .
. . ;9 N [oB f” ~§ - EIEEN K . ? . . . ) &
B - ‘. A
. 8, What represents th‘e UNIT of power that% d1331pated~bga resistor? « e LR
e ¢ > N R -% } . et e N . 4
” w 7 o) g 4 . “} .0 2
N 4 war 3 y R . S
L . Ty -‘b Giuss v " E 0“9‘3?:1}' L wo " e
)2 ’ % y v iy . A H
. d Foule R T S
N . ® N ;i Xy 9 0 N ‘e , v‘” v b :gﬂ/—/
* {;q_ “nich output wavefc;frm represengs aﬂ*OV“RISR&\&}"_ transxstor c1rcmt %rith a sw .
[ S . " ? . » B
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: ‘ 730, What QUANT I@ATIVE;,relxhonshlp u stated by Ohma*s law? 3 ,
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