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ABBREVIATIONS, ACRONYMS, AND SYMBOLS •

A
AC
AER
<..IL

ALD·
ALR
AMPLS
APA
APC
APR
.-.PU
ASY)l

AWG
At: X

BAR
BAT
BPD
BR

BTC
BTL
BTS

c
C.\DC
CAR
CSD
CT

Ct:R
DC
DEC
DET
DIFF
DISC
DLR

DPCT
DPR

.../

Amperes
AlteroaUng Current
Auxiliary External Power Relay
Aileron
Automatic Load Disconnect
Automatic Paralleling Lockout Relay
Amplifier
Automatic Paralleling Auxiliary Relay
Au.xlliary Power Contactor
Automatic Paralleling Relay
Auxiliary Power !;nit
Asymmetrical
Amencll.ll Wire Gauge
Au.'Clliary
BTC Auxiliary Relay
Battery
Sus Power Disconnect
Battery Relay
Bus Tte Contactor
Bus Tie Lockout Relay
Bus Tie S.v ttch
Capacity, 1n farn.ds; Common Reln.y Contact3
CentroJ At: Datn. Com;>u:ers
G.;r.er:J.t<.>r Contactor Au.-.;llian· Relay
Constant Speed Drive
Current Transformer
Current
Du-cct Curren: (noun)
Decrease
Detecuon
Differenb.al
Disconnect
Differential Lockout Relay (Trip-Reset)
Diiferentl:l.l Protection Current Transformer
Differential Protection Relay

• Metnc system pt·cfb(es are shown on Page 1-l; symbols used on electrtcal
schematics are•t;hown on Page 1-13.
E

E
EAR
EBPR
EGCR
ELEC
ELEV
EMER,.
EMERG
EMF
EMP
ENG
Ep
EPC
EPR
Es
ESS,

Electromotive Force (in volts)
External Power Auxiliary Relay
Emergency Bus Power Relay
Emergency Generator Control Relay
Electnc , Electrical
Elevator
Emergency
Electromotive Force
Empennage
Engine, Engineer
Apphed Voltage in Primary of Transformer
External Power Contactor
Essential Bus Power Relay
Induced Voltage ln Secondary of Transformer
Essential

ESSE~

ETR
EXT

Emergency Power Test Relay
External

r

Frequency in Hertz (cycles-per-second)
Flight
Frequency (in Hertz)
Frequency Sensitive Relay
Forward

FLT
FREQ
FSR
FWD

G:..C

Generator Line Contactor
Generator Control Rela~
Generat:lr
Gene ratu r Ltae Contac:or

G?t:
rj?.D

G:-o·Jntl

GLC
GCS
G C:

HPT
HI
H\'

Hz
I
lAS

IBPR
1:\C

It'D
L'IOP
L'IPH
L'IST
lp
IPR

G ro~.~d ?0':~-er

L ;': !t

Htgh Phase Takeover
High
High \"o ltage
Hertz (cycles-per-second)
Current (in amperes)
Indicated Air Speed
Isolated D- C Bus Power Relay
Increase
Indicator
Inoperative
Interphone
Instrument
Current in Prtmary of Transformer
Isolated A-c Bus Power Relay
F

!SOL

Current is Secondary of Transformer
Isolated

KVA

Kilovolt-Ampere

L

Inductance (in henrys); Left
Inductance- Capacitance (clrcwt)
Light
Lights
Lockout Relay
Liquid Oxygen

Is

L-C
LT
LITS·
LOR
LOX

!\lAG
?.Iagnetic
?.IALFt:XC :\Ialfunction
?.lAX
:\la.Xlmum
:\1:\IF
:\lagnetomouve Force
~!ON
:\lonuor
Negauve stde of Transistors nnd Diodes (Base)
Navigatloo Bus Power Relay
~eutral Current Relay
:-\or:nally Closed Relay Con..acts
::\u:-m:ul" O;>en Relay Con:acts
::\ormal
;:.;umo~:r oi Turns tc P:-imary Coil of Transior:::er

~

NBR
~CR

x.c .
>:.0.
>:OR:\1
>:p
>:P>:
>:,;
{; ': ET I
0\ERHT
Q\_1'
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?ow~r.
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?o~ttl\'t:

Sld.: o: Traosistor or Otoce
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PWR

LOCk\JUl Rtlay
Permanent :\lagnet Generator
Type 01 Tr:mststor
Pressure
Pr(l\'.,ntiun
Protuction
Ph~e SCQU(lllCC Relay
Power Solcct Sw ttch
Power

Q
QAO

Charge (to couio mbs)
Qutck .\tt:!.ch-Oetach

PLR

P:"\IG
PNP

PRESS

PRE\'
PROT

PSR
PSS

G

Po·~-. t: :·

(El~l itter)

R
RBC
R-C
RCCR
REC
RECT
REG
REL
RET
REV.

Resistance (in ohms); Right
Reactive Bias CJ.rcuit
Resistance-Capacitance (circuit)
Reverse Current Cutout Relay
Recorder
Rectifier
Regulator
Relay
Retract
Reverse

SBR
SCR
SER
SPLR
STAB
SW
SYS

Synchronizing Bus Relay Circuit
Silicon Control Rectifier
Synchronizing Bus Relay
Spoiler
Stabilizer
Switch
System

T

.Iime (in seconds)
Time Delay Relay
Temperature
Transformer-Rectifier

TOR

TEMP
TR
t;ER
l::\'DR
:;3;::.
..
,"
L
.: ..

l:nderexc::ation Reiay
Under
Cndersi)eed i.lelay
Cnc.erspeed :;witch
Cnden·oltage Relay
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War:~ing

Wir.g

Inductive Reactance (in ohms)
Capacitive Reactance (in ohms)

z
Zp

Zs

'

··._./

Impedance (in ohms)
Impedance in Primary of Transformer (m ohms)
Impedance in Secondary of Transformer (in ohms)
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ELECTRICAL FUNDAMENTALS
REVIEW OF FUNDAMENTALS.

The metric system Is a convenient system of units for measw:ing physical
qUjllltities. This system Is almost universally used In studying electrical
circuits.
The quantities that can be measured are length, mass, and time. In the
metric system, the fundamental unit for length Is the meter, the fundamental unit for mass Is the gram, and the fundamental unit for time Is
the second.

-,

PrefLxes Indicate the various possible multiples and subdivisions of the
fundamental units. The metric system prefixes are as follows:
SYMBOL

PREFIX

c
d

pico
nano
micro
mUll
cent!
dec!

dk
h
k
M
G
T

deka
hecto
kllo
mega
giga
tera

p
n
u

m

MEA."\ING OF PREF1X

one- trillionth of
one-billionth of
one-millionth of
one - thousandth of
one-buodl·edth of
one-tenth

-----------ten times
one hundred times
one thousand t1mes
one million ti mes
one b!ll!on times
one trillion times

SAMPLE t:SAGE

plcogram

nanogram
microgram
mUligr:u:o
centigra:n
dec• gra..'l1
gram
dek:tgram
hectogr:u:o
kilogram
meg:tgr:un
giga,<Tram
ter:tgram

The metric system Is a decimal system; that is, all multiple units differ
from each other by factors of ten. This mathematical relationsblp helps
In writing very large or very small numbers. A special method of
expressing thes"e quantities Is called scieotlflc number notation. This
special method Is based upon use of exponents of the number 10. The
exponent of a number is called the ,.,power" of that number. Since 10 Is
the only number concerned here. these exponents are called power of
VOL. ID
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10.

Positive and negative powers of 10 are reviewed In this table:
1
10

10-1 = 1/10 = 0.1

=10

102 = 100
3
1Q = 1, 000
4
10 =10,000
5
10 = 100' 000
1o 6 = 1, ooo, ooo

2

= 1/102 = 1/100 = 0. 01
10-3 =1/103 =1/1' 000 = 0. 001
4
10- = 1/104 =1/10,000 = o. 0001
5
5
10- = 1/10 = 1/100,000 = o. 00001
10-6 =11106 =1/1, ooo, ooo = o. ooooo1
10-

Since -1,000,000 Is the same as 4 x 1, 000,000, It can be expressed as 4 x 10 6.
Thus 4 megagrams = 4 x 106 grams. When numbers with more than a single
digit are used, the decimal point Is placed after the first non-zero digit, and the
proper power of 10 Is used as a multiplier. A decimal point pj.aced here Is said
to be In "standard position." Examples: (143,000 = 1. 43 x 10"), (0. 00344 =
3. 44 x lo-3). The number of positions the decimal Is moved determines the
exponent, and the direction It is moved determines the exponent's sign.

ATOMIC THEORY.
Matter is any substance having weight and
occupying space. All matter is made up
of basic elements. An element Is a substance which cannot be broken down into
simpler substances by chemical means.
Oll.")'gen , hydrogen, and Iron are same of
the elements.
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A c omblnat!on 0 1 elements ls c alled a
compound. Water l s a combination of
HELIL.M ATC»4
hydrogen and oxygen. The smallest
part of an element Is called the atom.
When two atoms of hydrogen are combined with one atom of oxygen (HzO), water
formed. This combt!Utlon ls the smallest part of a compound and Is called a
molecule.

The basis of all electrical flow goes back to the smallest part of an element, the
atom. Each atom has a nucleus (center) which Includes protons (charged positively) and neutrons (uncharged). Orbiting the atom's center is the same number
of negatively char:.ed electrons as there are protons ln the center. ·In good concb.lctors, these electrons move easily from one atom to another. This movement
Is called electrical flow.

STATIC ELECTRICITY.
Static electricity Is generally associated with lneulators or Isolated

'
l-2

..
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conductors. Whenever an electrical charge Is unable to move through or
on an object, It Is said to be restricted or static, llence the n::une "static
electricity. "
CHARGE TRANSFER.

Oile of the general laws of electricity Is like charges repel each other while
unlike charges attract each other. Other important behavtor charactenstics
of electrical charges follow:
1. The presence of a charged body affects some of the properties
of any near by obj ect.

2. Charges remain on the outer surface conductors.
3.

Charges tend to concentrate on surfaces where the curvature
Is greatest.

-!.

Charges tend to "lea.k off'' at points.

5. Cbnrges can be t r anaferred from one object to another.
6.

Charges can move through certain kinds oi ma:er!als called
conductors and are opposed In insulators.

'i.

A semiconductor Is a material that presents more opposition :o
current tbnn a conductor but not as much opposi:.on as .lD .nsu:a:c:-.

Char:;e !s tra:1sferred t!-.rough a sol!<! conductor
electrons.

Ccodcc tors sccb 33 sU ve~, cop:JOr.

c~

!nsL!a:c:- b:.

g.,~..:, ~"lci

.r=o:0-:

:::w~:ne:n
J:.!J~:

o:

::;:: r. :.!!s

allow charge transfer wtth relaL!ve ease. los~.:lators o:- ;Idee::- .~s en :he
other hand, offe:- considerable opposition to cba.r:;e transfer. 7he best l:l3ulatlng materials are non-metallic substances like glass, rubber. and plastiCS,
The most satisfactory Insulators are compounds s~.:el~ a.s lccite, bakedte, and
polyethylene. Common semlconduc:o:- ma~er!:LLi :!!"~ .si!:con. se:e:::'=:. ::1~C
germanium.
·Charge transfer through seml-eonductors Is made by electrons and "boles."
A hole Is considered to be positive ; an electron Is considered to be negative.
Holes are attracted to n negntlve terminal and electr ons are attracted to a
positive terminal. Impurity a to:ns have to be added to materia!s such :1s
germanium or silicon to make then good semt-conductors. This Is due to
the !act that germ3Illum and slllcon in a pure st3te are good II1Sulators.
Some Liquids, such as water solutions of minernl compounds or chemical
solutions of acids, bases, or salts, are excellent conductors o! charge. The
process oi charge transfer Is acc001pUshed by the move:nent o! positive :md
VOL. lli

..

1-3

and negative Ions In the l!quld solution. A positive !on Is an atom wblcb bas lost
electrons; a negative lon Is an atom which bas galned electrons.
Charge transfer through gases, such as neon, argon, and mecury vapor, Is
accomplished by the movement of positive Ions, negative Ions, and free electrons.
Free electrons are electrons which are free to move between the atoms when
acted upon by electric forces. The time rnte at which a charged partlole moves
Is quite low; however, the speed of an electrical lmpulse Is high. An electrical
lmpul~e travels close to the speed of light (1. 86 x 105 miles/second) In shol't
straight wires.
ELECTRICAL CURRENT.
Electric charge Is measured In coulombs. A coulomb represent3 an exact,
large number of electrons, positive Ions, or negative Ions. There are approximate 6. 2S x 1old electrons In one coulomb of negative electricity. The tlme
rate of a charge ls the number of charges moving past a given point In a circuit
In some unit of tlme . The time rate of a 9harge Is defined as current. The
ampere Is the basic Wlit of current, and Is one coulomb per second. Expressed
as a formula,
I (current) ~ Q(cbarge)
1 ampere ~ 1 coulomb
T(time)
1 second
RESIST .\..'\CE.
Resls~ance is opposition :o current.
The basic unit of electrical resistance :s
the ohm(!'.). Gcod conductors have a low resistance to charge transfer; poor
co:lc:l!~t. rs have a high resistance. The resistance of a conductor V3l'tes wl th
!e:~!:, ~ro:;.;-sect!ona .. ..:rec., and tvpe of :::~aterlal. If :he !eD.l!'th of 3 cond;;cwr
~.> !:1c r~::.:.tOd, ct:e restst:mce L=~creases. U ;he d!ameter of 3 conductor !ll -vublec.
L'!e cr?ss-sectlonal area incre:tses iour tlmes, anc! the resistance of the wire Is
one-tour!h as great. A convenient formula for finding resistance of a wire 1~
R • rL ' A· R is the total resistance, and£.16 the resistance per unit length. b..
is the :ot:ll lenght, and A i.> the cross-sectional area. The s=darci unit of
m e:tsurement of cross-sectional area is the circular mil.

ELECTRICAL POTENTIAL..
The potential ener gy possessed by electric chllrges determines the work which
the Cil3r;:c c:ln do. Work c:ln :1ppe:1r in the form of heat, as In resistors, or in
the form of motion, as in electric motors. The more potential energy a charge
has, the more work It can do. In other words, the potential ene'rgy Is the ability
to do work..
·

•J

The basic Wlit o! work Is the JOule, which Is the amount of work that would be
done by lifting :l 0 . 7 -pound weight one foot. The amount of work per Wlit cb.:lrge
Is c.!eflned to be el~tr!c:tl potentl:tl ener;::y. Tbe~ls the iJnslc unit of electric
i-4
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potential and Is one joule per coulomb. ElCJ)ressed as a formula ,
E (volts) = W (work)
Q(char ge)

or

1 volt= 1 joule
1 coulomb

Voltage is somet imes referred to as electromotive force, or EMF. This Is the
force p:t:oduced in a generator, battery, or other source of electric energy.
OHM' S LAW.

Ohm's ·taw can be mathematically stated I • E/ R where current (I) Is measured
in amperes, potential (E) in volts, and resistance (R) In ohms. Current varies
dlrectly With potential and Inversely with resistance. The ohm Is electrically
defined by Its relationship to other electrical quantities. A potential of one volt
across a one-ohm resistor wlll cause a current of one ampere through lt. The
voltage appearing ac ross a resistor Is said to be " dropped" acros s the r esistor.
KIRCHOFF'S LAWS.

Kirchoff's voltage and c u.·rent laws for D-C circuits can be stated as follows:
1. Current Law: the algebraic sum of the currents at any junction of an

electric circuit Is zero.
2.

Voltage Law: the algebraic sum of the supply voltage and the voltage
drops in any c ootinuous path of an electric circuit Is zero.

T:!ese two l:l\vs h:lve :.o be r e stated whe n us ed In A-c networ ks. T:1e la•.·;s !or
A-G circuits :u-e sto.teu as follows:
J~L-:ct!co

ot an

l.

Current Law : the vec tor sum of the c urrents at any
c lrcult in zer o.

2.

Voltage Law: the vector sum of the supply voltage and the voit.:lge
drops in any continuous path of an electric c!rcu!t !s zero.

e:~c ~r!c

Kl rchoffs laws help In handling complex circuits, and particulArly those containing
more than one sourc e o! voltage (EMF).
POWER.
Power is the time rate or energy consumed. The basic unlt of power ls the watt.
One watt Is one Joule o! energy being used ln one second. In electric al circuits,
the power being dissipated Is the product of current and voltage, or P • EL
By applying Ohm ' s Law, powe r can also be calculated as PeEl • E2/R: 12R.

VOL.

m

1-5
'•

\

.MAGNETISM.

Magnetism Is a characteristic property exh.lblted by electric currents and
certalD materials. D: Is an lDvislble field through which action can be transferred.
The field Is considered to be made up of llDes of force even though such llDes
do not actually exist. If Iron !li.J.ngs are scattered on a surface over a magnetic
field, they will appear to arrange themselves along these lmag1Dary llDes.
There are two types of man-made magnets: permanent and temporary. Hard
steel (alloys of SU!el) and alnico (an alloy of alum1Dum, ~;kel, Iron and cobalt)
are used to make permanent magnets. Iron and soft steel are used for temporary
magneta.
Each mn.gnet bas two poles: a north pole and a south pole. It Is a fundame!lta.l
law of magnetism that like ooles repel e:u:h other while unlike poles attract
each other.

PAP£)!

l - 1.

VOL. ID

Each magnet has a magnetic field
which Is represented by "lines of
force," or "flux llnes. " These
"lines of force" actually represent
the direction which the north pole of
a campa$8 would assume If a compa.ss
were placed In the field. Thus, the
arrows wlll enter the south pole of a bar
magnet, pass through the magnet, leave
the north pole, and complete the path
around the magnet. Magnetic llnes of
force are always closed loops, and
will never cross one another.

MAGNET IC f'l ELD

(rl.UX LINES)

lf two like poles are placed near each other, the lines of force will try to cross

one another. Since the lines of force cannot cross one another, the like poles
will repel and move away from each other If possible. If two unlike poles are
plac.ed near each other, the lines of force will be In the same direction. A force
of attraction will result
~
between the two unlike
MAGH[T I C NOIITH HAS
poles, pulling the twO
SOU TH MAQH ET I C POLARITY
together.
NORTH Q(OQIIAPH IC
POLt

The force of attraction or
repulsion decreases rapidly
as the distance between the
two magnets is increased.
If the earth is

to
be a bar magnet, the nor-Jl
pole of the bar magnet is
located near the sollib
geographic pole, and the
south pole of the bar magnet
ls located :1ear the north
geographic pole. The magnetic
poles of the earth are not i!xed,
but drift slowly with time.
SOUTH Q(OQR. PHIC
POLE
HAQNtTI C SOUTH HA S
NORTH NAQNtT IC POLAIIITY

VOL. ill

..

c~nsidered

The magnetizing effect which
a magnet or coll of currentcarrying wire can exert in a
circuit Is called magn.e tamotlve
force, abbreviated MMF. It
corresponds to EMF In electrical circuits. The amount
1-7

of MMF exerted Is e~>'J)ressed In ampere turns. One ampere through one turn
of a coil constitutes one ampere-turn. The pole of a generator having 30 turns
of wire around It with 10 amperes through the wire will exert 300 ampere-turns
ofMMF.
Magnet(¢ flux may be represented by lines of force which are Imagined to exist
In the c lrcult. Flux In a magnetic circuit Is similar to current In an electrical
circuit. The greater the number of ampere-turns the greater the magnetic flu.".
Reluctance In magnetic circuits Is similar to resistance In an electrical circuit.
Reluctance is opposition to lines of force and deteriDines how much nux will be
established by a given MMF. The shorter the le.o.gth and the greater the crosssection of parts of a magnetic circuit, the lower the reluctance. The unit of
reluctance ls the oersted. Permeability, the reciprocal of reluctance, Is the
ratio of the number of nux lines produced by a coil with a core to the number of
flu."11nes produced without a core.
~'DUCTI0:-1.

Voltage and current C3.D be produced by moving a conductor through magnetic
lines of force or by varying the magnetic lJ.nes of force surrounding the conductor. Voltage o.nd current obtained this way are produced by electrOIDalr.}et!c
Induction, or simply Induction.

co oqa)
TIGHT COUPLING

LOOSE COUPLING

.,
VOL. I!I

Induction explains bow energy Is transferred to
magnetic circuits. Produclog voltage ln a
circuit by cbanglng the current ln that circuit
Is called s eU-lnductlon. Voltage produced ln
a circuit by the varlat1oo of the magnetic
I HDUCtD YO LT AGt
field of force ln a nearby circuit Is called
mutual induction. If most of the lines of
force from coil (A) are con!lDed to a mag-netic core , and are made to llnk coil (B),
" -1HST ANT AN tou s./
AC CUAA CNT
the two coils are tightly coupled. If there is
no magnetic core, few of the lines of force
SELF' INDUCT ION
from coil (A) will cut coil (B) and the two
are loosely coupled. Tight coupling Is
usually most desirable. The amount of
voltage induced In an Inductor ls determined by the rate of current through it
and Its Inductance .

Any wire has lnductance, but the amount of inductance can be Lncreased by
coiling the wtre and by usl.ng magnetic material for the coil core. The basic
unit of lnductru:lce Is the henry. A coil has an l.nductance of one henry If a
current change of one ampere per second Induces one volt across Its te:-mlnals.
Inductance ln a wtre or coli opposes any change in current through lt. The
opposition to changing the current results !n a voltage being Induced across
the coil U!l'tnlnals. Thus, l.nductance has no t~ffect on pure direct cuz-rent.
CAPACITA.'\CE.
Cai)::tc!:::>rs , cr conden.;e:s, a~e de\'1Ces :h.:lt ......... po:·r: :· store e!::::~:-:.=~ r:::la:;:.

The es;:;entl:ll par.:s of a capacitor ars two pl:ltt!s, an insulator (callec:: du:l~c::-::;j
between the plates, and connecting leads to the circuit. The capacity cf :1
capacitor depe."lds on tbf: :lre:l of the plates, the distance between Jle plates. a.."lci
the. material used a;; :be cJ!electrlc. The •.ap.::!t:. of n cap:lcl>or lndlc:ues ::h~
amount of electrical energy lt can store. The baste unit of capncit:lnce ls the
farad. A capacitor has a c:lpaclty of one far:ld Lf one coulomb of ch::trge on the
plates will cause a one-volt potentt:ll across Its terminals. Capaclunce opposes
any change In voltage across Its te:anbals. The oppos ition to changing the
voltage results In a charging current Into the c:lpacltor.
The: relationship between the charge stared In a capacitor, Its cap::tclty, nnd Its
voltage Is given by the formula Q s CE where Q Is the c harge In cou.lombs, C
Is the capacity In far:uis, and E Is the EMF In volts.

VOL. lli
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flexible. These stranded wires have about the same current carrying capac!tles
as solid wires of the same diameter.
The current rating of a wire Is the amount of current which can pass through
the wire without overheating lt. In choosing a wire or cable for any particular
use, the greatest amount of current the wire will have to carry must be considered.
If a

wire Is used, the resistance Is greater. High resistance can cause
Improper operation of a unit connected to the wire.
lon~

Several types of metal are used to make wire and cable. Probably the most
widely used metal Is copper. Pure copper Is a good conductor because It has
very low reslst~nce (many free electrons). Pure copper Is not practical to use
because It Is too soft and has little tensile strengt.b.. To make It more usable,
various alloys of copper are used. This Increases the tensile strength. It also
increases the resistance of the wire. Of course, the resistance of the wire is
taken Into account when the circuit wiring system Is designed. Aluminum alloys
are often used for large wires In aircraft. Aluminum Is a gooq conductor and
is used because it weighs less than copper.
The electrical system ln a large aircraft ls extensive. A set of electrical
draw!ngs. cal!e<l -.v!riog diagrams, Is supplied with each aircraft. They are
used as ::tld l:l isolating trouble :md checking systems.
:::.c~

\\'i.re is l:liJelec acco!'ding :0 its use, location,
o! :be w! res ml¢~ be

~d

size. A typical coding

•. :- ... :lt:

3-

t:~>IT ~:u-::11BER:

It :cientrfles the wiring of a particular unit li there Is more

D - l'l:\CTIO.:i .Li::TTER: It identliles the function of the circuit In which the
wire is connected. For example, the letter "D" means instruments other than
en~lne

or filght instruments.

12· - ,\'ffiE Nt;:,;:s£R: A given wire might be a part of a larger sy stem or
bundh:. This nwnber Is used to tell the dliference between the wires 1D a
particular system. The wire number may also be used to separ:~te rwo Identical
systems.
A - Wffi!: SEGMENT LETTER: This letter identifies which part of the wire is

\'()!..

ffi'

..

1-11

represented. For example, a given wire may start at some pol.nt on the wl.ng
and finally end l.n the fuselage. It might go through several terml.nal boards
and quick disconnects. Therefore, a segment letter Is assigned to Identify each
part of the circuit.
20 - WIRE SIZE N1J'MBER: This Is referred to as wire gauge or American Wire
Gauge (AWG). Coaxial or thermocouple wires do not ca.r ry sizes. Thermocouples
use letters to ldentL."'y the type wire, such as AL (alumel) and CH (chrome!).

N - GROUND OR PHASE LETTER: This letter Is not always Included. lt
Is added II the wire Is used ln a three-phase, A-C system, or II lt Is the neutral
or groWld lead ln the system. A single-phase system carries the letter "V". The
letter A " phase A; B = pnase B; and C "' phase C In place of the letter N.
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represent :he v:1r!ous electnc:U un.;s. This Is often called the electrician's
shorthand. The more common symbols are illustrated on the following page.
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The primary purpose of a fuse
Is to protect the electrical wiring
SY><eo~
ln the 11lrcraft. The fuse Is put
~
ln the line so that If anythl.ng
goes wrong, It will prevent
dlunage to the :1ircraft. Charge
transfer thrrugh a conductor
r use STRIP
causes heat. The greater the
charge !low the hotter the conductor will get. If the currem
Is lnrger than the fuse Is designed to carr,, he:lt operates the fuse. The b.e:u melts the fuse strip. Thls opens,
or hre:1ks, the clreults :llld stops the charge flow.
1-l:l
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SO LE:\OID.

A solenoid consists of a coil of wire wound
about a hollow cylinder. I! a movable core
o! soft iron is placed inside the cylinder,
the fleld .of the coil will tend to center the
core in the coil when current is turned on.

C"I' LI HOEII

Solenoids are used to operate various units
such as valves and switches . A solenoidoperated switch is usually called a relay.

I HI'UT

I liON CO ll E

RELAYS.
I

(ot-tHEIIQ IZ EO )

!~MECHAN ICA L LI HKAQE
A relay is an electromagnet which pos i~
I~
TO CI RCUIT
tions switch contacts. The magnet can be
---a...u;r-energized from an A-G or D-e power source,
depending on the type o! re lay. A switch
SOLDIOIO REL4Y
actuator is he!~ in the normal (deenerg1zed)
position by a spring. When a power source
is connected to the electroma.g net, the resulting magne tic !!eld attracts the metal
actuator. The relay is energized when the actuator positions the switch contacts
In opposition to the spring . Since the Ueld Is stronger than the spring, the relay
remains energized . When source voltage Is removed, the field is collapsed and
the 3pr1ng returns the contacts to normal.
An A-C eiectromagnet is de"t;;ned di!ferent!y than a D-C electromagne: The D-C
e!ec:romagne: .s energlZed by a continuous current. T!!e coil Is a wire wounc
a:-?u:td a soft l.:"On core. An A-C electromagnet ~s energ'.zed frorn a c A-:;; so;u-ce
and rr.u~: re~al!l energized whee the current r~verses . ;.. shorted :-;.0., 1:. pla<:ed
to th" core to 'lold the actuator ·.-·hen source current is zero, The collapslllg
magnetic field induces a current into the ring which keeps the relay energizeo.

II

I

~

n
AC

I NPUT

0

ELECTR04A~ET

..
1-14.

Relay contac ts are connally opo:n (~.0.),
11ormally closed (~.C.J, or common (C). A
schematic symbol for a relay coil Is an
actual coil mechanically coupled to a switch arm,
or a circle representing e. coil. The relay is
usually tdenti!ied within the circle. Relay
contacts are represented by switch contncts
or by two parallel plates. The normally open
con tact is a triangle symbol indicat.ing
momentary and the nor mally closed contact
is a cu-cular contact. With the parallel
plate symbol, the normally closed contact
has a slanted line between the plates and the
normally open does not have a line. When the
VOL. ill

H.C.

H .C.

'11::

-g,_ jq; c

A polarized relay is a DC relay which
has a permanent magnet as the switch
actuator. The magnet holds the contacts
in one position or the other but is not
strong enough to change the switch
positions . The polarity of the power
source to the coil determines contact
position since the coil field either aids

____,~

~I

H .0.

relay is energized, the N.O. contacts
close and the N.C. contacts open.

Jr-:::

N.O.

.. ~

or opposes the permanent magnet field.
A solenoid can be used to actuate relay contacts where many heavy duty and
lightweight contacts are required. A relay of this type is a contactor, used in
generating and bus distribution systems.
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The coil winding of a contactor is usually center tapped.
One set of normally closed
contacts bypass half the coil
winding. The contactor coil
is energized by current
through half of tne windmg
and held energized by the
reduced current through the
entire winding .

CCtH:.;:TCR
cha.1· ;c flu'-'.' t(, Lne usinb ~q:uprnent.

When the current is bdo.v the
safe ma.ximwn, ~he iusc- !~u
ri a snor;. occurs son1ewht:!"e 11!

:..1c

circui:.

c urrent is exces.;ive, the fuse stnp melts or ''blows . " Tho:se i•tses ~an
be made "blow" at any desired current by choo.;Jng the right kmd of matenal
tor the tuse stnp and makmg it the right .;ize . When the fuse "blows,·· power is
n.:mol'ed ir:>m the system.

and

th~

When a fuse lS replaced, use a fuse with the current and voltage raung requJ.red
by the system.
Cl'MENT LIMlTERS.
A current limiter is a special type of fuse used to protect alternators and generators. Alternators and generators can operate up to 50 percent overloads for
short to medium intervals of time without excessive overheating or damage. The
current limiter is a fuse with a built-in overload delay. This ls accomplished by

VOL. HI

..

1-15

providing a controlled method of heat removal from the fuse element. The beat
conduction path Is such that too rapid produ.ctioo of heat does DOt delay the element
burnout. If, however, the overload Is wlthln the current llm.1ter overload range,
the element Is cooled by heat conduction Into the terminals aDd case. This conduction can continue oDly until the case ud terminal temperature increases to
about the-melting point of the element. Then the element melts p.nd the limiter
opena the circuit.

rust
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CffiCt:IT BREAKERS.

Another protective devtce ts a circuit
breaker. .'\ c:.rcull breaker acts ~ a
iuse or current UmHer, e:<cept t:14-: it
does not rr:el: on Jverload. !tis a
:>;>r1::tg-loaded switch w:11cn o!lens wneo
:co mucil ct.rrent exists ill ::. ctrcwt.
:t can be reset onlv a.fter the fault
is corrected.
RESISTOP..S

~

C 1Rc:JI7 :!R~~~~q
S'f'€0L

.SCRLSS.

Resisters can be connected lll sertes. ThlS means that they .u'e cocnec:ed end-tvend so that any current in the circwt must pass through each of them. W!:en
resistors, or resistive loads, are connected in series, the total reststance of the
circuit is simply the sum, or total, of all resistors in series. The total resistance
of tne resistors in the illustration would be:

~=

+

1+2+3

AI
Ill.
'·..../

R1 = 6

1-16

R2

10

20

3J\

ohms
\'0 L. ill

RESISTORS l); PARALLEL.

Another way resistors can be connected is in
parallel, that i.s , connected across each other.
In a parallel connection, the total resistance
Is found !n.a completely different way th an !o
the series circuit.
Here the r esistors add as reciprocals:

Rt •
Rl
Rl
= Rl

Rt

x

R1 -

R2

10 X 15
10 .. 15

Rz

150

=

25

1

..

R2

X

R2

6 ohms

RESISTORS L'\ SERIES-PARALLEL.

ro

St!ries :~nd parallel resistors can be
combinerl to form a senes-;Jarallel
Cl!"Cu1:. I! t.ht·ee resistors are conncctec! :1:, .shown In the diagram,
oo:!t pnociples from tile two sep::r ...~~"' r:

~·~od3

i\.

R" . . R 3
?. u

-

-

=

~

~

I

~

:nu.::it be applied.

= R. - r.. . .

": "'

R1r •1

..

:s

-

.;

-~

Rl
4

R2

R3

10n

15:1.

X 13
+ 15

,

! 0 onms

H!.:..:TlFILRS .

A rectl!ier 1s a dev1ce which will allow charge to flow in one direction only. It is
"!ten a metal washer with an oXide coating on one side. Because or barrier
i) :ono:!":!e~ ..-iuc!t t:'tls~ betwt:co the metal and the OXl<ie, cnarge can (!ow eas1ir
!rorr. the ox1de throug:~ the a:etal. Charge cannot flow easily in the other direcuon.

..

~-

-
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In use, the oxide is connected (by wire
or terminal) to one point in a circuit.
The metal is connected to another. In
this illustration, the assumed direction of charge flow is determined by
the conventional current theory.

OXI

+__
tASY f"LOW

Shown h~re is the symbol for a rectiEASY fLOW
fier. Physically, a rectifier assembly
might look somewhat like the units
in this illustration. They are made
in many sizes and various other shapes. Rectifiers will be used in later expl.aoatlons of circuits.

~
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TYPICAL RECTIFIERS
TH£R:\IISTORS,

':her:r.istc:-s 1or thermal resistors ) are beat -sensitive resistors that are used t.l
sense temperature vanations. They are made of materials selected for their
tempera:ure coefficients to enat!e electrical circuits (such as a wheatstone bridge)
to detect temperature changes . This information can be used as visual indica:ions
or as controlling signals. If the thermal resistor used has a negative temperature
coe!Jicient, tne resistance decreases as the temperature around it increases. The
opposite is true for one with a positive temperature coefficient.
L'IDt:CTORS.

__,·

An inductor is a coil, with or without an iron
core. Inductors oppose current changes. This
is due to se!I-mductancc. lC a coli is connected across a battary as s hown in the illus-

l-1 ~

THERMISTOR
VOL. Ill

tration below, the charge flow through the coil will follow the graph shown. It
will build up slowly and finally reach a maximum value of I = E R. R is the
D-C resistance of the windings of the coil. The reason the current builds up
slowly is due to the characteristics of a coil.

+

At the instant the coil is connected
to the baitery, the current is zero.
As the current increases, the
magnetic field around the loops of
the coil _also Increases . As the
field around the loops of the coil
changes, it induces a voltage in the
co~!.

Due to the direction of the
changing field, this Induced voltage
is of opposite polarity to-the battery.
That is, it will buck the applied
voltage of the battery and tend to
reduce the c~ge flow through the
coil. This bucking effect, or voltage,
is known as the back EMF (electromotive force).

CU IIII£NT

I :

E

-

It

T I" £.

A£: the current approaches Its greatest

value, Its rate of change decreases.
This, In turn, decreases tbe change tn tbe m ngx>etlc !leld. The proce.o" contl.lues
until the cur::-ent Is no longer cban~lng. When the current stops changing, tb.e field
stops changing and the back E:viF d!sappea=s. The current assumes a constant
value which ia dete~lned by ::be voltage of the bat:ery r.nd the ~C resistance of
:.he coil.

If the col! Is connected across an .-\- C source, the back EMF will have quite an
effect on the charge flow Because the current ls constantly changing, a constantly
c !uo,pn;; magneuc ~ieic! wili be created. In Lhis case, the back E:vtF oe,·er
completely disappears.

The back EMF factor of the coil lnpedance ls known as Its reactance. Since the
reactance is brought about by the changing magnetic field which is dependeot on
changing current, it follows that the reactance will be dependent on the rate of
change of the current. This means that it will be dependent on the frequeocy. As
the frequeocy goes up, the back EMF, and hence the reactance, goes up. This type
reactance, which is called "inductive", is given the symbol "X . " It may be
expressed In a mathematical formula as:
L
XL = 271 fL

..........
VOL. ill

(271 = 6.28)

..
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where "f" is the frequency and "L" is the inductance of the coil.
The inductance of the coil is determlned mainly by the number o! turns, their
spacing, and the type core used. As previously stated, the basic unit of inductance is the henry.
The back EMF factor, or reactance, introduces a new concept. This new concept
is phase. In the graph showing the current rise in a coil which is connected to
a D-C source, the current lags the voltage across the coil. This is due to induced
back EMF retarding the current.
As the current tries to rise, it creates the back EMF which tries to furnish a current
in opposition to the original current. This opposition makes the current rise slow
down and take longer to reach its maximum.
This same lag of the current behind the
voltage takes place in AC. The voltage and
current ca.n be shown by the vector diagram. The length of a vector represents
the siZe, or magnitude. Its arrow indicates
the direction. For t!le time bel.og, the coil
15 considered as having no resistance. In
this case, the current lags the voltage by
90 degrees lf the AC is a sine wave. In
vector diagrams, the applied voltage (and
anytbl.llg 10 phase or a: the same angle
w1th it) is usually shown as being the
reference or tcro-degree polnt.
01 '" o factors, the resistance oi the wlndl~ and t.~e back
EMF, that determ1ne me impedance of tne coil. Impedance in an A-C circuu Is
the total opposition to a current. In this respect, it is like resistance in a D-C

!t 1$ :he comblnauon

c!.rcwt.

The actual coil has both resistance
and reactance. The Impedance of the
coil is the vector sum of the two. Since
the resistance has zero degrees phase
(the same as voltage), It Is drawn
horizontally. Since the Inductive reactance causes a lag io current, it is drawn
90 degrees ahead of the resistance vector.
impedance, given the symbol b is the
slanted l!ne connecting the end of the two
(resistance and reactance) vector~. Bccau:;e

)
•.
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of the relationship between the s!de of the right triangle, z =-YR + .;, The
angle that the impedance vector makes with the resistance vector is called the
phase angle . It is usually given the symbol e (the Greek letter theta).

If a coil with a known inductance is given, its reactance at any frequency can
be calcui~ted. The equation XL ~ 211 !L is used. Then, knowing the reactance
and the resistance, the impedance at that frequency can be found. For this, the
equation Z ;;./R

2 + XL 2 is used. Impedance is expressed in ohms.
~xample:

Compute the impedance of a coil having an
inductance of 10 henrys and a resistance of
1, 000 ohms at a frequency of 60 Hertz. (cycles
per second).

Step 1:

XL

= 2i1 !L = 2 x

3. H x 60

X

10

XL = 3, 768 ohms

Step 2:

2
Z =\fR'> + XL

Z

=

=-v(1, 000)2 ~

(3 , 76&)

2

3, 900 ohms

Impedance can be used in a iorm of Ohm's
law to solve A-C circuit probleo:s T~e
equation is wru:teo I = E/ Z.
J 10 VOlT$
60 H:

:::

('-

1...------------J~
To com;>ute the current m t:te coil,
instead " f resistance.
I

=

£ .,.. Z = 110 -:- 3, 900

The co1! !.; now conoectec ac :-oss

:~o

..:..- C

c.s s.:cw~ . its resistar::ce a:::d :-e~:::;: 
an..:e are sho·.v ..l us separ::::.te q~a.nu:ie5 , e;·er.
:nougr. :!ley are bou: ac tr..:al!y wnt:J.:: :be :oi.:
3c~-==~

itself.
S~l;>ly ~;:~o.y

OH ): 's la·., .1n..! ust

'"·~e..::~::c

I = 0. 0282 amperes on 2S. 2 zr.Ullaroperes

The phase angle in de6I'ees is equal to the cosine of R/ Z in the trigonometric
table.

.JL
z

=

1000
3900

= 0.256

The cosine of 0.256 is 75.1°. Circuit current lags voltage by 75 . 1° .
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CAPACITORS.
The term capacitor is another name for an electrical condenser. A capacitor
Is capable of storiog electrical energy. When a. capacitor is con.oected across
a battery as shown, there is an initial surge
of currel).t that charges the capacitor until the
charge equals the battery voltage. When this
J.
occurs there is no further flow of charge from
the battery. When the capacitor is disconnected from the battery, the charge will gradually leak off and neutralize the capacitor. The
capacitor can be discharged rapidly by connecting
a wire to both plates.
The capacitor is connected to a. battery througn
a resistor. At the instant the connection is
made, there Is a high surge of current. T.'lis
Is due to the charging of the capacitor. As the
capacitor nears full charge, the current
decreases Ulltil, for all practical purposes,
It is zero. When the charge stops flowing in the
circuit, the full voltage of the battery wlll
be across the capacitor. This is true because
there Is no more current to cause a voltage
drop across the resistor.
I! an R- C circua 1:; connected to a

b:Hte:-y, ~he •:ol·.age across the
capacno:- termmals ·.vtJ. rise as
shown The length 01 time requ.ired
:or the capacltor to charge to 0. 63£
or 630 of its Cinal voltage, is the~
coostant for tnat R-C circuit. The
relanonsrup between the time coostant
; no sec), the capacitance C (in
larads), and the resistance R (m ohms) is
T

•

....- ...

....
0

...

u

..

.. 0

• >

u

T

T IM[

RC

Time constants in electrical circu.its are sometimes very important because the
operating tune 01 relays is affected. Tne time constant can be used to provice
a desired delay In the operation of a circuit.
The phase relationship graph for a capacitor Is showu here. It Is tbe exact
opposite of the graph for an inductance. This meaos that the current through the

•.
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capacitor leads the voltage. So, the
same type of vector diagram, as
before, can be drawn except that now
the current lead the voltage. It would
not lead it by 90 degrees 1f there were
any resistance involved.
This leads to the formula for the reactance of t~e capacitor,

CURR t NT

YO~ TAG[

0 . 159

~ -

fC

R

''
'

,e__
z ' '

Xc

' ',

This time, as the frequency goes up the reactance goes down. To represent the impedace of a capacitor, the vector diagram would
be just like the one for the coU except tilat
now the reactance vector points down. As
far as any calculations go, they are the same
for both, with one exception. The phase angle
for the impedance of the capacitor 1s negative.

Once r.he reactance or impedance has been
calculated, it can be treated the same as
resistance, except for the phase angle.
Reactances o:- u::pedances in paral!el add
!Ike reststors In parallel. Reactances or impedance 10 series add like resistors
in senes . The main difference 1s tliat the reactance or unpedacces ,·a:-y v.-it~
:reque:~cy

A capacitive reactance is cancelled by an equal inductive reactar.ce due w the phase
angle. (Example: Xcof 10 ~-90° is cancelled by an X of 10 = 900 which results
1:1 a pure resisuve c1:-cuit). Capacitors in series act
samoJ as resistors t::
?:Lrallel and capacito rs ln parallel act the same as resistors 1n sen<!s.

tne

RESO~A.'iCE.

Resonance occurs at tlae frequency at
which a given coil and capacitor have
the same reactance (equal in number but
opposite In sign). There are only two
ways a coil and capacitor can be connected:
in series or In parallel. Either way,
thts point can be shown with another
vector diagram. When XC " XL,
VOL. ill

·.

·-~ x~.

- ,Xc

the two 90- degree components cancel each other since they are opposite in sign.
T he resistance of the coil and capacitor is neglected in the following discussion.
If a coil and capacitor are connected in series &a 3bown here. the circuit offers
the least _reactance or impedance to current at the frequency when XC "'XL .
T his is called the resonant frequency.
The relationship between the inductance,
0
capacitance, and resonant frequency are
found as follows:

o-J"'"V\.-.i (

1
271 fC

=

271 fL

or
f

PARALLEL .rlESONA:-fCE.
A coil and a capacitor can also be in parallel, as shown. This gives a resonam
irequency whicn is generally the same
as for the series c ircuit.. The resonant
frequency for the paraliel circuit is calculated as li Lhe circuit were a series
c -....
0
c ~rcuit
ln a paral!el L - C circuu, the
-rr.;>edacc" is ma.X!.!1Jurr. and ci.:-clli'

0--1.

:!·e~~..e:~cy

:.s

:-:: 1rum~,.;.:::

a: rt.so!la:lce
L AH I HAT tO
- SH((T

TRA.'<SFOR~ERS.

A transfor mer l.Iansfers A-C elec:rlc

energy from one electrical circuit to
another. !t does this without a frequency change. The principle used is
electromagnetic induction, where
electr leal circuits are linked by a
common m agnetic circuit.

FLUX PATH

l-:!4

This illustration shows the basic
construction of a transformer. The
primary coil is coc.nected to an A-C
source, causing the current and resulting flu.x to periodically change magnitude and direction. T he flu.x vari:ltion
\'OL. Ill

Is concentrated in the laminated steel core. The varying flux induces an EMF in
the secondary coil. II the seco ndary coil terminals are co1111eoted to a load, a
charge flows through the load. Thus, electrical ener gy is transferred from one
electrical circuit to another by means of mutual inductance . The action that
created the EMF In the secondary is kllown as transfor mer action. The EMF
is referred to as transformer voltage.
II all lines of flux link both the primary and secondary of a transformer, several
useful z:elationships between the turns, voltage, and current ratios can be found.
The primary coil is supplied from an A-C source. The voltage read at the
secondary coil is the same as the source voltage (neglecting transformer losses)
if both coils have the same numbe r of turns. II the secondary contains more
turns than the primary, the secondary voltage is higher than the primary voltage .
II the secondary contains fewer turns than the primary, the secondary volt'.ge is
lower than the primary voltage. The formula for voltage and turns ration is
~
li!> where:
=
Es
::-fs

=

Np
number of primary turns
Ns = number of secondary turns
Ep = applied voltage in primary
Es = induced voltage in secondary

---

Transformers are normally
used to Increase or decrease
a voltage. If the ·;o!t.age is
1ncreased, it is called a
step-up t:aosfor:uer. Tne
cw-rent ration of a traosiormer is inversely proportional to the voltage ratio
~o •
:\s

Eo = ~ ,.,~ where
Es
lp
IZ~

Is a the current 111 the secondary
lp = the c~rent In the pr1mary
Zp • the primary inpedance
Zs = the secondary impedance
POWER TRANSFOR.'\!E R.

Electronic equipment frequently
requires more than one A-C voltage. Power transformers are normilly des igned
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with more than one secondary winding
wound on the same core. This illustration sbows a typical power transformer. It bas a 6-volt winding, a
50-volt winding, and a 300-volt winding.
CURRENT TRANSFORMERS.

Current transformers are used to measure
alternating current in a line without
breaking tbe circuit. The current- carrying conductor passes through the core
and acts as a single-turn primary. The secondary Is made of many turns of fine
wire. The vol~e in the secondary is stepped up because the secondary contains
more turns than the primary. The current is stepped down in the same ratio
that the voltage is stepped up. AD ammeter rated at five amperes full-scale
deflection is normally used. Thus, if the current transformer has a ratio of
100:5, full scale deflection on the 5-ampere meter scale indicates that there is
100 amperes nowing in the primary.
At.:TOTRAKSFORMERS.

ECONOARY

The autotransformer differs
from the conventional twowinding transformer In the
w_y tn whicn the primary and
secondary are coostructed.
In the conventional transformer,
the prtmary and secondary
winding are completely
insulated irom each o tner but
are magoetically linked by a
common core. lo the auto;ransformer, the two
windings, primary and secondCURRENT TRANSFORMER
ary, are both electncallv and
•nngne ticaPv connected. The
autotronsforwer may be constructed In either of two ways. In one arrangement
mere is a siugle, continuous winding with taps brought out at convenient points.
The position of the tap Is determined by the desired secondary voltages. in the
other arrang :ment, there are two or more coils which are electrically connected
to form a continuous winding. In either case, the same laws governing conventional two-winding transformers also apply to autotransformers.
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GENERATOR PRINCIPLES.

When electrons pass through a ruagnetlc
field, a force is exerted upon them. If
these electrons are in a wire, and lf
the wir.~ is moved in a magnetic field,
SECOND ARY
the force is still exerted on them. When
150 VOI.T 5
the force acts on the electrons, the
electrons move within the wire. This
causes a current or voltage to be
induced within the wire by its movement
in the field. In other words, when
magnetic lines of force are "cut" by,
or when they "cut" across, a conductor
such as a wire, a current or voltage is
AUTOTRANSf'ORM!:R
produced in the conductor. The amount
oi this voltage is dependent on the rate
or speed at which the lines are "cut," the number of lines "cut" , and the number
of turns on the generator.

1

A simple generator can be made by turning
a loop of wire in a magnetic field . The ends
of the loop can be connected to "slip r!ngs".
Thls allows the generated vo:tage ::> be ~:sen
while t he loop is turning. The iargest nu:nbe!·
of lices of foNe is found betweer. t~e
opposite poles of a pe!·manen: :;:a~::.-:: . ....
tne loop in the posluoo sr.o·.vn t:~ .-~.:a;;~ b
i:Cuced in the ~~u-st t)os-:::.t:-:4 ''e'C.:i.-.:~ ~ f :.. . :.:;.:
4

Of t!v~ i00;:> ar-e rnOVl~g Cd.!"a .... ~.. ..

o: force. ra Othe :• wo :-d s

I

c::ttmg across them.
Stant~

turtling at t!lis ;:>oint , wnic~ will
be ca lled 0 degrees. A; the loop .!.s
turned clockwise (to the right), it reac :-~es
the 90-degree position. At this point the
loop is cutting directly across, or at
right angles to, the lines of force, and
the greatest voltage is induced in the loop.
A graph is made oi this voltage agaicst
the angular rotation of the loop. The
voltage is zero when the rotation is zero,
and increases to its maximum at 90
degrees.
VOL. ill
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As the rotatic, continue~ ~" 1~0
degrees, tfJ.; ~ides of the loop
again trwPi ptrallel to the lines
of force, T n•• induced voltage
is again zero

h..

I

T he rise and fall of this
;·oltage,is :~.,t a straight
line, Rather , it is c~,·ed since
it ts a funct.on oi the angle of
rotation, cr tt·.rning . In
~igonoi.ne•t· ..· ~nis is known as
:be [.t::ctio to; the sine ·1; t!1e
r..r:gle o: rc ~J.t:'l.L
A!; the rotation continues to 270 degrees,
the voltage is again at a maximum. T his

rru.xt muro. voltage is reversed in >'.:>larity,
however, from that produced when !.be
cot! was at 90 degrees. This is true
because the sides of the loop are now
moving in the opposite direction. T~e
,;rnph now shows the other bali or t ne
negative .;wing of the voltage . Then,
as :!le r ou.tion ls comi)le ted !:lack to
tJ ue~""!"ees . the ·:oita.ge aga1:1 J.3 ze!"o .
:>v, ~~J!'

:ou:.

... r!t: ~omplete :-:.> ~t..::.J~

::-~e _!·e~e:-:1;.o:::-

c:· ~ .. t

p:-oc:.:.ces a ·.-\l!:..:.;-=-

w:uc!. ,·a:.t.es boL~ tn sig-c (polJ:ity , a~.:!
magnitude (amount). Thls is ~own a~
A-C ,a!:ernating current) voltage. If
t . .~ :- :na~.o.:.. oi the :oop ts co~t!!l!leC.
:. .........- . :u · :1~~ ''·).:3.;:,~ '- -~·- ... p:- J~o.iu..:eC
un,r and on,. aga1n I.::J.Cn ~otntion
vf :h<: :oop rrr.duCe$ ():\(! '.;\'Cie" oi
the vc.ts.ge The nun:b<.r uf cycles
per Jecoud, c'llled a "Henz" (Hz)
is k:1v·.\ n :1.s :.~e frt:q ..tt·t:t:y •lf the
volta!;.: T.1e l rE:4U.:t:C) :a·vd ut:ed,
tJtett, dufi"ttds on how fnst tht: loop
is rota:Pd Th~ arrangement show n
and described is a simple A-C generator, or :.I ternator.

1 - 2~
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Another form, in which an A-C generator may be represented, is shown in
the adjacent illustration. When the
rotating magnet is in the position shown,
OUTPUT
the voltage produced in the stator, or
MACH £T
stationary windings, will be at a minimum. As the magnet turns, the
MAGNET
magnetic lines "cut" across the stator
wi,ndings and produce an A-C voltage.
Frequency of the produced voltage
depends on how fast the magnet is rotated. The output of this, and the previous
simple generator, is called "single-phase" A-C voltage.
Alternators are o:ten wound to produce a different type of AC. This type Is
called "three-phase" A-C voltage. Three-phase A-C means that three different
voltages are developed at once, with the peaks of the voltages occurring at
different times. Each voltage is called a " phase" and each one is lettered A,
B, or C. The graph shown here indicates how these three voltages vary with
..
respect to each other. Eguipment which
uses three-phase power will receive three
1- 1Hz~
times as many pulses of voltage per second
as smgle-phase equipment. Thr ee-phase
B
equipment can be made smailer and lighter
than single-phase equipment of the same
power rating .

"

!:iimpli:iec! generator must bP. made !o pr od'..:ce t~ ~ee -p; .a:3e
A-:: \"O.tage . !!ls:~ad of just one s tator ·.a:inCing, three are ·.vol4::d o:: P<>•= o1eces
·A .~l:r. a:--:: ever.:~· sJaC':1f.! 3.!'0 .:1d :t:e genera:or .. Tt-.e wlnCing are :.: ~- .;:-::~ .~ ~i)art

.:c ...1.e c:·anges

:~ :.~c:

~he

;>nase <ii!ference c!' t~e ,·ol:.ages
produced will be the same as the

Cif:e!'e:-tce of .;pacing betw~en the
:>•... . t; .. ieee.,, ..> r !.~1) ceb:-e·.:s ..!.. s

.3hown. :he ma,~et rotates !rem
. pole A to pole B to pole C. This
causes ~oils A, tnen B, theo C to
produce vo !tages. Therefore, the
phase ''rotation is ABC.

i'""Y'---f'\~.............-

- 8¢

.....,..F-+__;~+\-+---c¢

;»...J-J' - 1 - - - - c¢

~~~~t-- a¢
-_{::J::::.-7~'---- A¢

Now take the principles of the simplified generator and see how tbey
are used in actual alternators. So far, a permanent ma.g net has be eo used as
a source for the magnetic field. Because of regulatioo, some other means of
creat1ng the magoetic field in the actual alternator is needed . An electromagnet
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is used for this purpose. The electromagnet in this case is a rotating coli,
or winding, which has an "exciting" current flowing through it. The coil, or
armature, set up a magnetic field. As it rotates, the lines of force of the magnetic field cut across the stator winding which are wound on the statiooar:·
pole pi\)ces. This induces a voltage in the stator windings that is the o•lf".""·

EXC IT JIIC
CVRR(>IT

OUTPUT

ARMA TUR:[
W,NOINCS

The "brushes" shown ln the prel'tou~ il!ust!'ation art: smuil b~ocks l~sua;!y ~ace
of carbcn) witn one enc curv.:d t.- :·lt tne metal "slip rlllgs " T~cse :Jrushe5 a~e
held against the slip ri:lgs by springs to provice good electrical contact ber.1·et!n
the two, Excit1ng current ls appl!ed to the brusbes . It flows through the si1p
rings to the armature assembly rotates hut the brushes nde on them and maintain
electrical contact at all times .
The source of exciting current has not been discussed . In or der to have a sellcontained generating unit some further additions must be made Th.,se wUI cause
the alternator to supply its own exciting current once it wtarts de1·elopiog voltage.
It will then be a self-excited A-C generator. To produce the exciting curro:nt, a
D-C generator IS built on the same shaft as the alternator armature. When the
shaft turDs, the D-C gener:lt;>r produces a voltage which is applied to the slip
rings on the armature shaft. Direct current then flows througu tue armature win
winding of the A-C generator and develops a magnetic field. As lhe shaft turns,
the magnetic field rotates, cutting :~cross the wlndings of the alternator and producing the three-phase A- C output voltage. The eut1 re uait Is built Into one

l-30
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ALTERNATOR
ARMA TURE
WI ND INGS

EXCITER
IP

RINGS

-housing to provide a complete, self-excited, alternator . The D-C generator is
the exciter unit. A 0-C generator can be made by refining the simpl!fied A-C
generator described earlier. Two or more loops of wire for the armature can
be used.
Each end of a loop connects to a metal
commutator segment. The metal
commutator segments are separated
by insulation. T~.e segments for:n a
slotted cj'hn.der Lbat makes contact
with the brusbas. Contact ls made
In such a way that the output of the
generator is rectified DC, or a pulsating D- C voltage .

VOL . W

..

1-31

The amplitude of the pulses can be reduced
by using more loops in the generator Of
course, with more loops more metal commutator segments are needed. The output
of a D- C generator Wlth several loops is
shown in the adjacent illustration.
The D-C generator's magnetic field is set up by an electromagnet. As in
the simplified A-C generat.:>r with the rotating magnet, the "field'' winding
of the generator is wound on stationary pole pieces,
In order to produce the necessary magnetic field, charge must flow in the
field winding. If the field winding is connected to the armature brushes so the
generator furnishes its own field current, it is a self-excited D- C generator .
Some magnetic field is necessary to start the build-up of armature voltage.
The voltage build-up may result from residual magnetism, or it may result
from the magnetic field created by a momentary current from an external
source. When a generator is first used, a momentary current from an external
source is needed to created a magnetic field so that the generator will have an
output. Once the generator is used, there is ;;enerally enough residual magnetism to start the voltage build-up.

In this illustration, the field is connected directly
across the output of the generator . The output
voltage causes a current through the field winding
whicn creates the magnetic field needed for operation of the generator As tne output vol t.age goes
up, :he fie~d current incr eases In turn, 'he output ·.-ol tage mc:eases because the magnetic iield

OVTPU!

is stronger. Of course, th1.s process r:h.l:5t be con:::-o1:ec lit ·• r -~t-: ~..J .,et t~t:
voltage . l' sually, a ''\·oltage regulator" of sorJe type 1~ Cvl!:!t!C:•2d

deslr~;d

so that me iie!d current regulates the gene rater output to tne

C~<su-ed

voltage.

The A -C output vo.tage ·Jf the A -c

gen<!:ator alternator descnbecl
earlier depends on the strength of
the rotating magneuc field . The
strength of this field depends upon
the voltage output of the D-C
exciter. So, in practice, the
voltage reguiator mentioned
above "measures" the A-C
voltage. lf this is too high, the
~egulator causes the exciter
output voltage to decrease. In
this way, the alternator output
is kept at the desir~d voltage value.
I - 32
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INVERTED CONVERTER,
A converter is used to change alternating current to direct current. The A-C
input causes the machine t~ operate as a synchronous motor at a constant
speed, regardless of field excitation or load. A generator attached to the
motor then generates DC.
A converter can also be used to change DC to AC. When used in this manner,
it is called an inverted converter, but is more commonly referred to as an
inverter. It does not operate at an absolutely constant speed, as does a
synchronous motor. Because the motor operates as a D-C motor, its load
and field strength both determine its speed. This type of machine is equipped
with voltage and frequency regulating devices, In practice, the speed is
usually held nearly constant in order to generate a desired frequency.
MEASURING L'ISTRUMENTS.
in the inspection, maintenance, and operation of any electrical system the
voltage, current, and resistance must often be measured. Many types of
meters are ·used for this purpose.
·
GALVA.'<OMETER.
A galvanometer is a very sensitive meter which measures very small currents.
The most common type of galvanometer uses a D'Arsonval meter movement. ln
the D'Arsanval movement, a coil rotates within a magnetic field.
As illustrated, the coil is mounted on
a "crwn . .. Th" "cru.~ .. is mounted
on nearly f:-icti~n-!ro:e ;>!vat points
It !S s oring-loaded to r e turn the
pointer to the zero position. The
coil is placed between the poles of
a per:na~ent magnet !.f a curren:
exists in the coil, it ,..l~i produce a
magnetic field. This field will act
against the field of the magnet. The
action results in a force on the call.
Since it is mounted on pivots, it will
turn and extend the spring until the
spring tension exactly counteracts the force.
The coil will stay in this position as long as the current through it remains
constant. It follows that the amount of deflection, or movement, of the coil
depends on the amount of current through it. An indicator or needle can be
attached to the drum. It then shows the angular deflection of the call.
VOL.
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The D'A.rsonval movement forms the basic meter
used today. The magnet, coil, and spring can be
scale deflection represents a particular current.
and balance, however, the amount of current that
coil is !'imited.

inside most instruments
designed so that the full Due to the delicate spring
can be sent through the

It may seem strange that this type of meter is so widely used when its range
is so limited. But its accuracy, small size, and ruggedness more th2;n make
up for its limited range. The range limitation can be overcome with the use
of external resistors.
AMMETERS.
The ammeter is a meter that measures current.
Most modern ammeters are basically D'Arsonval movements . These meters
come in various ranges . Ooe of the most commoo has a maximlllll currentcarrying capacity, or full-scale deflection, of 0. 01 ampere, or 10 milliamperes. (A milliampere is 0. 001 ampere .)
The internal resistance of its coil may ,·ary
but is usually around 100 ohms. For ao
illustration, use a meter with 100 ohms
internal resistance and a full-scale
deil~ct!on of \J, 01 ampere (10 milliamperes). From 01L~1'3 law, the
·;o!tage across the meter at full
3C:!.c: d~f:eCtlO:l lS

I
E = Ix R
E •

!),

0

·'~

=. :..~. ;
0

01 x 100

E = l volt

Suppose this meter is to be used as a meter ca;:>able of measurin; UiJ to !U•)
amperes at full scale. Sioce the meter itself can carry only v. 01 ampere,
another path for the current must be provided
for the 99.99 amperes remaining. A current
of 0 01 ampere t!>.rough :he meter. tog~mer
with the 9!1. 99 amperes, make a total of 100
amperes . The additional path is pro,·ided by
O.OlA
connecting a resistor across the meter
VOLT
terminals. The value of this resistor has to
OOA
lOOA
be calculated so that it will conduct !19 . 99 amper~s
99.99A
of current when a voltage of 1 volt (the voltage
across the meter at full sc:JJ.,.1 is un;:>ressed across

--
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it. To make this calculauon, again use Ohm's law and find
I

R

R

I

•

99.99

0. 010001 ohm

This, of course, is a very small resistance. It would have to be made of a
metal bar of some sort. U the meter is to be accurate, the value of the resistor
~t be accurate. A resistor paralleled across the meter in thls manner is
usually referred to as as ammeter shunt. The meter gives an accurate measurement of 100 amperes although only o. 01 ampere flows through the meter
If the values are accurate, any amount of current 1n the line will be measured
proportionately by the meter.
This same type of calculation can be
made to convert any bas1c meter to
almost any desired scale. However,
its interoal resistance and full scale
deflection must be known. Most
commercial test meters are made
w1tn more than one scale by using
several shunts. Each shunt ls
designed to give a parucular
iu!l sca.e reading on ~e :::e:e~ .
..:.. s·A·::c:ti.n:; a:-ra::gen:ent c:Ln btt
"sed 30 :~:n :he proper shWlt lS
>elec:ec to ~ll·e a <"!es1rec ra :~;p .
::;.:.::ex. ~3:e r:: .:: )e .....:;ec.: l:l ..:or:.c~ct::I; a;; 1:n::1e~e:- !ll a t:l:-cu!t. ?o~a:-::::
must be correc: xnea uslng ~-C me:ers The :tr~u!lalS mt..:;: b~ C'lnoectcC
,;.> :.nat :.1e meter pointer v.tll move up scale. lmprooer :erm10al c·n,~ec::oc.
.., ::: C3-.ie t~c ~v!c:~~. or t::d1~a:or-. ~= :;e :n\!:cr .> ~c ·..!!"i\·eo bac~A-:.:-ds
J."::lal:iS~ .t~ ;:>e~

A ~':'leter c:L. tlt \·~r:· ea;;t::• .;;3:n:l0 ed i:t ~ni:t 1:a:..

:i1::c~

!: measures current, an ammeter must be connected in >erles "lt!l the ~ine
in w!'lici'l the current IS to be measured.

\'0 L T:\IETERS •

.\.;was the case wnh a::nmeter~. nearcy alt \'Oltmeters u.;e the ba~lc D'A;-son,·al
movement Take the same basic meter that v. as converted to a hlg!l- :Ocal~ ammeter
and make It a voltmeter. It had a full scale deflection of 10 milliamperes with an
Internal resistance of 100 ohms. By Ohm's law it was shown that a \'oltage of
one volt would de!lect It fuU scale. in the case of the ammeter, most of the current
had to be shunted. For the voltmeter, all but one volt of the applied voltage must
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be dropped across a series resistor, which
Is called a multiplier. Ohm's law can be
used to determine the value of the multiplier.
Now, convert the meter to measure up to
100 volts. The meter takes 1 volt at
full scale. Calculate the value of tb~
multiplying resiswr needed to develop
99 volts at a current of 10 milliamperes.
For this,
..§_

R

"

R

-

99
0. 01

R

=

9. 900 ohms

I

Unlike aCl ammeter, a voltmeter is conn,e cted across a voltage source. tts
high resistance (Including the multiplyin-g resistor ) prevents most damage to
the meter if it is connected 1n series. However, this high resistance in the
line will prevent the using equipment from operating proper!\·
T!>e ''oi~meter can also be made
a .::...1:.1-range meter To do
so, use se,·era. :nutupher reststors
a~d a sd~c:Jt :i'Attcn a~ illustrated.
:- :e val:Jes of these resistors can be
c alc,lated for the d.:stred scales and
connec ted as shown

.15

:-~e

·:o:'=:l.::er

h:t~ Vf! "' Jefin~:.e

;>o ..an:y, wtuc:> rr.u:.: oe observed

just as with the ammeter.
OHM~iETERS.

+

-L
I

L -

L-;sG

..,~'/'v-

-

~

As its name implies, an ohmmt'tt!r r:"'asures
resistance . An ohmmetet· can btl built from
the same basic D'Arsonvai movemE'nt Whor.
a multiplying resistor and a battery are
connected in series with the meter as show n,
the circuit is a series ohmmeter. Suppose .1
3-voit battery is chosen. Ftrst, the value ur

··:ot .. m

..

the multiplying resistor must be fouod. To do this, short, or coonect, the
two terr:nioals together as shown. Find the value of total resistance (multiplier
plus internal) that will allow exactly 0.01 ampere from the battery . Therefore:
=

L

R

+

100

R

+

100 =

R

=

200 ohms

I

=

_ 3_
0.01

300

Now, with a 200- ohm multiplying resistor,' the meter reads full scale when the
measured resistance is zero ( the termioals are shorted). It is importaot
to note that most commercial ohmmeters read zero resistance at full scale
deflectioc. of the meter. The meter can c.ow be calibrated. Suppose an unknown
resistaoce will be measured when the meter reads 0. 005, or half-scale deflection.
Since the internat resistance is 300 ohms, 300 more ohms to be measured would
give a half- scale reading. Using Ohm's law, the meter can be calibrated at
points ~11 along the scale. The ohmmeter scale is non-linear, which differs
from both the voltmeter and the ammeter whose scales are linear.
.
~

A-C METERS.

All the meters that have been described have been D-C meters. To make an A- C
meter, tlle meter is built exactly the same as for DC, with one addition. A
rectifier circuit is c.ecessary since current must pass In onlv one direction
through the meter .
The arrangemeot oi rectifiers, shown he re,
wl!l let current pass 10 only one dlrec~on
throur;h :!'le meter. When point @ is
positive and point @ is negative, current
passes through rectliler :-<o. l. It caooot
pass through No . 3 or No. 2, but it passes
:hr-:>u~h the meter, through RectWer No. -!,
and back to point @ .
Now consider the other bali of the A-C cycle:
A
when point @ is positive aod point@
B
negative, current passes from point"@
through No . 2 . Since it cannot pass through
No . 4, it passes throu h the meter . Since it cannot pass through No. 1, it passes
through ~o. 3 and back to point A . Eitner way it always passes io the same
directioo through the meter . A shunt or multiplyicg resistor can be coonected
with this rectifier- meter circuit and make either ao A-C ammeter or voltmeter .
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MAGNETIC AMPLIFIERS.
GENERAL. Because of its long life , excellent reliability, and high efficiency,
the magnetic a mplifier is widely used on modern aircraft. Neither shock nor
vibration affect ita operation.
The magnetic amplifier permits one electric circuit to magnetically control
another . Developed from the saturable reactor, the basic uott ls a combinauon
saturable reactor and rectifying diode.
THE SATURABLE REACTOR.
The bas ic s a turable reactor
consists of two coils wound
on a high permeability iron
core. Essentially, this is a
transformer whose primary
is called the control windlng
and whose secondary is the
output winding.

CONU OL
II INOI NG

r-r--

(~

c- )
c- )

OUTPUT
WI NCI NG

The control winding has a
larger number of tur11s tha11
the output winding. The control
winding is connected to a D-C
source. The output •.o.inding is connected in sertes with aa A-C source and
its load. The cont:-ol win<llilg c:-eates flu.'l lines in only one direction ln the
iron core.
The ou:put "!:.ding creates an alter:tattng set of flu.xtines that at!d to t!le co:~tro! 
wtndiag i!ux lines for o ne-nali cycle. During the followu:.g one-c.aii cycle , the
two oppose and cancel. When the flux forces add, satura uon of the core occurs .
When the core becomes saturated, the permeability of the core drops, and the
•naOlctance of the output winding drops. WI:.., a smaller inductance, ::H: tnduc:.1n:
reactance oi the output w:nd1:1g ts smaller Thus, when tne core satOlt:lti!S, :::e
load curre11t increases. The relationship between core saturation, inductance,
and inductive reactance of the control wi11ding, and the load current are sumoar!.zed
as follows :
CORE SATURATION

OUTPUT WINDING
Il\'DUCTANCE
High
Low

t:nsaturated
Saturated

l-3ti

..

REACTA.."'CE
High
Low

CURRE:-IT
Low
High
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Core saturation can be produced by a small direct current Ln the control
winding. Very small control currents saturate the core only when the A-C
source voltage is close to its peak. This produces small pulses of current
in the load. Increasing the control current causes the core to saturate at
a lower instantaneous value of the A-C cource voltage. Saturation thus occurs
earlier tn the cycle and continues longer. The amplitude of the pulses in the
load also increase. Further increases In control current causes further
increases in the duration of the saturation period until the core saturates
for an ~ntire one-hal! cycle.
The basic saturable reactor has four serious disadvantages:
1. Transformer action between input and output windings
2. Core losses due to saturation and desaturat!on
3. Quiescent current (load current even though the control
current is zero)
4. ~o polarization

Transformer action can be best
cancelled by ~using two saturable
reactors connected in a series
opposing arrangement.
lC the saturable reactors illustrated
are alike, then the control windings
are connected so that the A-C vo!tage
induced ;n the two wmdmc; will
opoose and cancel. The cont!'Ol
flux lines wil! 3till saturate the
core and t!:er~by controi the
load current. The doughnut
shaped or toro1dal core has
fewer losses, and is preferred
over rec:.2.nsu!ar co:-es o·~er
arrangemen:s can be used to
eliminate the h.lgn voltage induced
in the control winding by the
output winding. In any case,
the final results make operation of the control loop
independent o! output loop operation.
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HALF-WAVE MAGNETIC AMPLirttR
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The desaturation of the cores is
eliminated by permitting current
in only one direction in the output winding. By placing a
diode in series with the output
loop, rio reverse current can
exist. Core losses decrease
sharply, and the overall
circuit operation is improved.

-CO H T ~ O l
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AC
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MAGNETIC AMPLIFIERS.
The addition of the diode to
the two saturable reactors
makes the circuit a basic
half-wave magnetic amplifier.

SATURABLE

RE:ACT~S

A slight rearrangement of the

circuit and the addition of
three diodes makes the circuit
a full- wave magnetic amplifier.
In all the circuits shown, there

T

FULL-WAVE MAGNETIC AMPLifiER

1-40

..

is a quiescent current. The
quiescent current is the current
in the load loop when cont:-ol
current is zero. If more t!onn
two stages of magnetic nmpii.iiers
are to "e used, ti"~< quiescent
current is undesirable. To
eliminate this current, a counterpoise inductor and a centertapped transformer can boo used
The counterpoise inductor cancels
quiescent current, but does not
appreciably affect circuit operation.
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The saturable reactor and the mggnetic amplifier can be polarized by the
addition of a. bias winding. The bias winding is a second control winding.
When a saturable reactor bas more than one control winding, the additional
windings are named for the function they perform. The additional control
windings can be used for bias, feedback, reference, or stabilization.
A complete magnetic amplifier may consist of more than one stage in order
to get more amplification. In the two-stage amplifier shown, the output
of the first stage Is used as the control current for the second. B•as ace
other wmcings are omitted for simplicity

OUTPUT

OUTPUT

W' I HOIHO

WIN OING

COHTIIO~

AC SOU~C£

StCOHO STAC:t
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S£:0.11-CO:•;Dt;CTORS
A semi-conductor is an element such :I.S silicon, selenium, or germaniua.•, which
has resistance. Semi-conductors are not conductors or insulators but have a
resistan~e value somewhere between that of conductors and insulators. Semiconductor materials are used in tbe design of solid state devices, such as
diodes and transistors. Impurities are added to the semi- conductor matE:rlals
to form P (positive) and N (negative) type crystals. The type impurity deLer rnines the type crystal. The crystals are combined to form diodes and
transistors.
DIODES
A dlode is a two-terminal device which aUows current to pass in one direction and
opposes the flow of current in the reverse direction. Diodes are !requent.y used
for D-C circuit isolation between several control circuits and a load and for
rectlficatioo in power supplies. A rectlfier changes AC to pulsating DC

HtAT
S I HK

0100(5
~!any ty;>e.i of dJodes exis: which can be used fo1· t:~ese ;>urpose;;. T .e n;os t
common diodes are made of selenium, gerrr.anium or silicon. in :urcrait
systems the silicon d!ode is most often used due to smail physical size, !ugh
current rating, temperature characteristics, and reliability.

l--12
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The arrow symbol used for a diode indicates
the direction of conventional current
(+ to - flow) through the dio de . Electr on
flow is opposite to the arrow (- to+ flow) .
The junction diode is contructed of P and N
crystals. When the crystals are joined,
a diode is formed .

+EA SY,._...,.,M....__ _
r~ ow

II

+

+

+

+

CONVEN TIONA L cu••tNT
( >4A X 1>4 U>4 )

If a D- C source is connected
across the silicon diode with
the ;>ositive potenual to the
arrowhead (forward bias),
the diode conducts, allowing maximum current. If
the source is reversed,
current would be minimum.
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rLOW
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< LOAD

N I N I >4UN cu ••tNT
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TRANSISTORS
The transistor is a further development of the junction diode. A transistor is
a three-element device , either PNP or NPN combination. A transistor can be
used as .a current :tmpUfier, voltage amplifier, electronic switch, or gate,
The elements are emitter (arrow), base (center), and collector. The emitter
and collector are made of the same type material. The base Is a thin layer
of crystal sandwiched between emitter and base. A transistor must be
:orwara-biased into conduction. The emitter base junction is forward-biased,
the same as a diode . If the junction is PN (emitter :f, base J:!'), a negative on the
base in respect to emitter allows conduction, Reverse bias prevents conduction.
An NP material type must be forward-biased by a
+
positive voltage on the bas a in respect to emitter .
. PN P
NO
The collector is reverse biased in both type transisB IA S
tors, and base-emitter bias determines collector
current. The majority of current in a transi::;tor
is between emitter and collector,

On a schematic, :!le direc:ion of tne emitter arrowhead mdicates t.~e r::pe :ra~s13:.:!·
(:\P:\ or P~?). The o.rrow also mdicates t~~ direction of cooven::ona! cur~e::1:
in tl!e circuit. Electron flow is reversed to the arrow aud the f!ow 1s between
emitter and collector.
An e~itter ar:-ow poi::ai:lg •n:o the transiEtor ind1cates a P~P tran:;is:o:-, a::d
the arrow pointing out indicates an XP~ transistor. l.n most c:tses, the type
transistor can be determined by the bias voltages.
In transistor amplifiers, the input signal is normally applied to the base, and
outputs are taken from the collecto: "r emitter . When the signal polarity !s forward
biased, collector current increases; the reverse signal decreases collector ccrrent.
An output signal from the collector is phase reversed 180 degrees in respect to
the base input signal. An output from the emitter is in phase with the base signal.
The input signal can also be applied to the emitter and the output taken from the
collector. l.n this case, input and output voltages are in phase.

'·.._...
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A phase inverter is an amplifier
witn an rnput on thtl base a.ad
outputs from the emitter and
collector. The outputs are 180
degrees out of phase. Phase
inverters are used In servoloop indicating systems. When
properly biased, the :-<'PN or
Pl'-I"P transistor cao be used to
accomplish the desired result.
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SPECIAL PuRPOSE DIODES

A zecer diode is a P!" junction used as a
voltage regulator. Whee the diode 1s
reverse- biased sufficiently to breakdown me junction, the diode conducts
and maintai.ns a constant voltage across
the terminals . Until breakdown, the
0
diode functions as a normal re•:erse
blnsed diode (minimum c:u-:-entl At
oreakc!own , rever3e c:..:-rent .,; :u:1i~ec! by a ser•es res.s:o:: :c ;>reH:n: ca:: :: ~e ::>
the diode, Zener d1odes are desr;r.ed :or use as !ow-,·o,;a;;e :-e;;-•.a:~:-~ :..~·- :'".a;·
::>~

corr.bined 1n se!"tes ;o: t)bt:lir.

:"i:s ~•.. ,~ta.:es

A

sllicc~-co~:r:> .. ed :-ec~...:·. ~:

~\,.. ~

...;; :.

~;:ned

AHOOE:---~'---CATHOOC
-

SO!
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diode usee! as a coctrC•·-'Il s·• .:.: ..•
The SCR is a f.>ur- layer, th:-ee-te:-~!nn:
de\·ice consts:in~ :;:· P>:P:\ j .:.": • •• 3 A.~
SCH cor:ductS as a norm:~: <:!.-,~~ • . ~
forward biased ace! a pos!lll·e 5:1t.:
potential is applied. Once tne diode is
conducting, the gate has co eif~ct and can
be removed. T~e SCR continues to
conduct until the forward bus Is re:r.oved.
II reverse bias L; app~!e<!, t:!l.! <!.;)JI! f:~.:
tions as a normal dtode (mm.:r:n:rn cur:·en:1.

i- l5

I

A unijunction transistor is a diode with
three termillllls. An emitter junction
controls current between the two
base junctions. When the emitter
potential is large enough to overcome
the base potential, the transistor
conducts. Current between the
bases produces a switched high amplitude DC output. When emitter
voltage is removed, the base current
decreases to zero.
II+
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