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INTRODUCTION:

Electronic and wiring or connection drawings are very complex..
Because of this, a system of  graphic symbols has been developed
to save time and space on drawings. Each particular symbol has.
evoived from an. elaboratz drawing of the component. By ‘
simp1ifying these drawings, a symbol has been developed to
represent that component” in a circuit. S

" The symbols usedlin»thié'series of modules are those éccepted-by

the American National Standards Institute-(ANSI) and the Ipstitute “
of Electrical and Electronics Engineers (IEEE).

It should be noted at this point'thét the following modules afe~
not an a*tempt to teach you the functions and uses of various-

~ electronic componénts. They are merely an attempt .to teach you

the basics of reading ad interpreting electronic drawing and
diagrams. = } o -

]
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1. SYMBOLS AND MODIFi.?; -
- i . N . [ y

The symbols discussed in this and subsequent modules are

designed to be uszi in "single-1ine" or schematic drawings.

chematic drawing: will be discussed in detail in another

module.

~ Symbol modifiers are symbols used in conjunction with basic
symbols to tell you more about the component. For -example,
the basic symbol-modifier for adjustability is:

. Adjustability . ° |
E - - N N
This modifier is used with basic symbols for capacitors and
resistors to indicate a special characteristic of that: ..
~component.. There are two other forms of the modifier for.
_adjustabi]ity. , o .. - R e
- Lineaf‘" > Nonlinear v o A o

These further describe the component. .

_~§be§ia1 properties of a component can also be described with a
symbol modifier. . L. .

o

i Storage Type e ot "5. Temperatufe‘Dgpendéht :

AP




‘ . Polarity is indicated as positive or negative and in some cases, €
both positive and negative are used to show polarity reversal
characteristics of corponents. ’

L - I

2 | R

‘Positive | ° Negative . Positive or
o : ' Negative

_Envelopes for components can be in a variety of shapes and
sizes to accommodate the elements of a particular component.
A shielded envelope is shown as a dashed 1ine. A split
envelope is shown as two halves of a regular.envelope.

Régu]ar - ) I _ o E]ohgstéd

N

/ \

{ )

| NN

split- - Shielded
: 6
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) 2. RESISTORS

Among the basic components used in mbst electronic circuits
is the resistor. The basic symbol is shown below. The "R" -
denotes resistor. ' '

R - h
A modifier symbo1 for_s resistor might ook 1ike one of these: |

R

. - L Tapped. . .. . - Potentiometer o . Rheostat — '

. o ) Resistor. . g R : ' o . S
Voltage Sensitive o S Temperatur.'é,.Sensitive
Resistor or "Varistor': o .. Resistor or "Thermistor"

- Notice th_a_t 't,he voltage seﬁsiti’ve and temperature sensitive
‘resistors have the added letters "V" and:"T" respectively, to
their designations. . _ -

‘3. CAPACITORS

Because of the wide variety of capacitors available, graphic. -
» symbeis for capacitors may employ several symbol modifiers to -

completely describe their special characteristics. The basic.
" . - symbol for a capacitor is shown on the next page. i

Q o N . NPTE _ 7 == T _1
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The curved part of this symbol 1nd1cates ‘several e1ements for

different capdcitors. For example, in a fixed paper or ceramic

. dielectric capacitor, it shows the outside electi:ode. -In .
- feed-through capacitors it indicates the low-potential element,
.and in still other capacitors it may indicate something
different. The point €0 remember is that there is a difference
and it's position is s1gn1f1cant to the circuit.

Electrolytic capacitors are po1arized so the. sxm_91s show the
-po1ar1ty. '

1

Q~Some of:the other common capaditor symbd1s are:

(_'_—__'1

| - o c.._

bH 3
R | S
Shielded SR ~ Adjustable

o -q\

. Sp11t4§tator': ' ;" Feed-Through




. ™ ANTENNAS

Dual or mu1t1p1e un1t capacitors that have a common positive
_or negative cohnection are illustrated be1ow

There are several. symbols used to represent antennas; depend1ng
upon their form. Symbol modifiers or qualifying symbols may be
placed néxt to the basic- -symbol to 1nd1cate spec1a1 character1st1cs.

‘'such as polarity.

Y

‘The basic symbol is shown 1n“fWo-versions below.

YV
: Symbo1 - | ‘

_;//for Antenna o

-a :

o

A few vafiatTé/;:of the antenna symbol are shown below. Notice

that a very specia1 type of antenna may have a spec1a1 symbol
of 1ts own.

£

Horizonta11y R Raaid-, IR Dipo1e3-
‘ Polarized ..~ * Beacon - - Antenna
—w - Antenia - . ,
E ) . . ) . ‘»- — o
. Loop Antenna _ o L Conngennqjse
: R B



"~ ' 5. .POMER SOURCES .. I Co-

A single cell or "dry" ceTl is used to make up a battery.
Therefore, the symbol for-.a..ingie cell is repeated to
“indicate a storage battrry. The single cell and multiple
cell are sgown below. Notice that the multiple celd indicates

| polarity by using the positive and negative symbol modifiers.

Y 1 c , P ) _ R foos

BT . B
1t .

N

"7 one cells 7 T Multicen R

In some cases a mu]tice]llmay be tapped at*ée&eral places.
‘The symbol for a multicell with three taps is shown betow.
. T e '

- L e

- . . .
Al N . b . o . . ) .
‘ . BT . : - oo - -
- , . . L . . . . N ’ EN
R . _ R . . . ) . . . . ‘.
- . . - ~
- ’ © . . . ~ . .,‘
L . ‘ 2 : : . -~ .
N . .. - . S GRS am . b t N - :
. : . . . . . . . o - . i
. . B . - ‘. ) ’ ’ v e
- . o ¢ . . . ) . . . - . . )
. N L. - . . . L . . e
. . . . . . Y "\ A .~

L4

" 5 . 3 - . Lo ' . ) ‘ 4 : .__._._-_' .i.

An oscillator or a generalized alternting current power source:
is shown below. Notice that the letter designation for this
component is "Y" not "BT."y e -

]

A ‘S yp

. THERMAL DEVICES . T

Lo

. .There are. sevaral electronic compopents that are activated 6% )
°  cause circuit changes do to temperature changes. The symbols -
- vary according to the.particular function of thé component.
. The general symbols for a temperature-actuated device or =~ ' = .
- thermal element are shown below.® The two three-quarter circles.
in the symbol to the right represent a bimetallic strip that

- ‘changes shape with temperature variations.




i il
, -,' X L The symbol be]ow shows a veny specia] type of fherma]
' ‘component. . The upper portion of the symbol shows a

Ty temperature-meas ring, thermocouple which is used with a
’.” -thermocouple ha 1"9”€"RT tegral heater (shown in the

;- , Iowez part -of the symb Notice the letter designation
"TC. ' ‘ T -
" Y S .
- % |
19 /
° o ¢
.? ’
a o L ot '."\ 1/
» L s L O THERMOCOUPEE
) 7. ACOUSTIC DEVICES = - "””""'*"J‘."~ .

' Most of us are familiar with the components ca]led acoustic,
devices. They provide an audible response- to an electric : .
current, such as, the speaker ‘in a radio circuit Some of . -

'4the basic symbo]s are shown below L a R
oS N s
OBELL - T~ CBUZZER . HORN
o . e . L T
Ls . - . ) P |
. i o . . - - N
< . o ¢
- T A . B
’ 1 LdUDSPEAKER‘j . ' RECEIVER. o jﬁ;; , DOUBLE ..
I S W P Al .
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!

Self -
Assessment

|
|

"Directions: .Place .the correct name of the component in the space .
- provided at the right of the symbol. Pay particular .
attention to symbol modifiers. - Check your answers =
with those on the next page. '




ERIC

Aruitoxt provided by Eic:




10.

L I o “~ %1

b8,

o

_ . R I B CEe 8 - . T a LT
16. SR I L
. - : : -
;

I‘ I|
. .

R T T gt tqueueg
Lewasyl "l ‘aozelltoso ‘€l ‘Raazzea 360403§ U0 LL3dL3LNW - 2L

.7 feuusjuy.doo” *|l}- fyooeag oppey QL ‘feuudjuy ‘6 403 }oede)

J03e35-341ds . g .fJo3poedes. alqessnfpy */ <uojidede) paplays 9

L ‘Joqyoedeg 'g- t403SLWABYL U0 U0IS|ESDY BALILSUDS Bunjedadud] - ‘p

ao;s;sau paddal 'aozs;sau alqn;aeA Jo 4945033 2. 4fd03S}S3Y L,

) LT A T | saamsuv

o

"“u £?&é}'0El:3, r




INSTRUCTIONAL LEARNING SYSTEMS

’FoerUrther Infarnafion:”
o -
,IEEE Standard and’ American Nationa1 Standard Graphic Symbols-
for E1ectrica1 and Eiectronic Diagrams, 1971, Y32.2.
Eiectricai and Eiectronics Drawings, Baer, 1973 )
fEiectronir Drafting, Shiers, - 1962 ’5 S 1,'-' L | e -
.:Eiectronic Drafting Handbook, Raskhodoff, 1971 :

s Draftinq Eiectricai/Eiectronics, articie 26 60

v 5 o
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D ’ ftlng ‘

Cir.ouit Protectors

Composnte As sembliles

Contracts Swutches & Relays

Term mals & Con nec tors

v

N

‘Goal: RV | Performance Indicators:
The student will be able to identify Given graphic. i1lustrations— ofbasit
basic, circuit control symbols used on circuit control symbols, the student
N electronic drawings. _ o will 1dent1fy them by the 1ndustry

" name.

1

( © Copyright 1979, Oregon Department of Education
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introduction |

INTRODUCTION:

There are several components found in almost every electrical
~or electronic circuit that. perform basic functions such as.
- -~ switching or diverting current or simply protecting .the circuit
~_ from overToads. -These components may vary in outward appearance
_from one type to another, so the symbols used to represent. them - o
symbolize riore closely their functions rather than their appearance. R

)
-
o
’ . .
3 i . .
o) L
. i
kd
.
-
L)
15 <6
. T ——— ket
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Information

1.. CIRCUIT PROTECTORS'

Circuit protectors-may. be fuses that melt during overiload
"conditions or automatic devices, such as circuit breakers
or overload relays. Fuses are generally used because of .
_Eh?ir small. size. The general symbol for a fuse is shown
- -below. - ; , . o

" OR F__

S T

"Circuit breakers are automatié'devices that interrupt
current flow during overload conditions. The basic circuit
breakgr symbols are shown below. : o o

¥

. (I - . ) i [ ] :
CB .- . cB ss . ’
_ ' o Co A 4 :'-"€> '
. o . 2-Pole
- Single Pole = . ... | Circuit Breaker . .
.~ ) €ircuit Breaker =~ . 8 v 8 R

Notice fhe symbo1 for afthermaﬂ eiehenf in. hé'eXample.bf a _
. 2-pole circuit breaker. This example also shows a mechanicy1
~ linkage between the 2 poles of the circuit breaken..with as

'ldashgd T1ine. .

2. COMPOSITE ASSEMBLIES

s . Composite assemblies may consist of a number of components .
. <. connected. together mechanically or-electrically. The main
- reasom for using compostte assemblies is to ‘save space and avoid

"repetition. A . " _ ‘ : b

When a rectangular shape is used .to represent a circuit element e
element, some of the following letter designations may be used - '
to help identify the element. _ S |

R




. o
v

"EQ means Equaiizer ST
FL'means Filter . = . .
"FL-BP-. means Bandpass Filter o
'PS means. Power Supply -
RG means Record1ng Unit
TTY‘means Te]etypewriter o

A single’ circuit e1ement may be rgpresented by a rectangu1ar
shape, a triang1e, or a square

' u'Cfreuit Element:

. Some simp1e-composite'assemb11es_are shown he1qw.“

> Obf

. Amp11f1er ' I : One-Way Repeater
-(Triangle points i . (Used' in telephone
in direction of o commun1cations)
f1ow) S ‘

AR . 7.

)
A
LT . '
. . ~
-

 Two-Way Repeater- =~ - - 'Three Wire or
S : . : Three-Way Shifting . '
Network (Phase Shifter)

18
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.»CONTACTS SNITCHES AND RELAYS Lo T

There ore several types of’ symbo1s used in dep1ct1ng contacts
- and.switches. In most cases, the symbol is fairly easy to
understand if you.remember the function of the component. RIS
Some of the basic contact symbols are shown below. Each will ,
be used as a part of a switching or relay device. . T e

— — - o

Fiked Contacts : . Fixed Switch
, . Contact
N
_Locking : Rotating-. - SegmentLContacts
~ Contact : , . Contact.. , T g
Bas1c contact assemb11es may vary s]1ght1y The position of
~ the arrow or .line segment shows the normal position of the
~switch (open or closed) : , :
so—;’ . o0  ‘o— o/o
g o - 0 T ; °

Normally Cleied Contacts = o Normal]y Opened Contacts *

1

'MAvcu}nent tran en_device-is shown-below.

J _

All the examples. of switch assemblies shown so far are s1ng]e-
throw or one-direct1on switches

18 -



‘A switch that is known as a transfer switch may be capable
of movement in more than one direction. For example, a
-switch for forward-off-reverse type control is called-a

single-pole, double-throw switch. The reference to "pole"'
indicates the number of circu1ts

Single-Po]e, Double-Throw
(SPDT) o

A variation of the switch above 1s a doub]e-pole, doub]e-throw o

switch. Not1ce the symbo] for mechanical linkage (dashed line).
. “: O—
\J '

d\_Doub]e—Pple, Doub]eAThrow

~ “Push button- type switches are slight]y different because of
- their funct1on 1n the c1rcu1t

o~

s s

O O 0 0 70
. Push Button , Push Button
(Open) | o ' (Closed)

g




In some cases, it is necessary.to "loci('i a switch in a

desired location In that case, a symbol modifier is
used. - "

‘Locking Switch . Locking Switch | - Single-Pole,
(Open) : (Closed) : . Double Throw
- : ' S Locking Switch_
..... Some of the other- types of sW1tching devices are shown below.

Pay particu]ar attention to symboi modifiers

oOo

%

i Three Position ' S Segment Switch -

_ - Switch ’ .+ {(more than one
: * contact is shorted
by the.moving part

-of switcn)
) s ' T
, | . t
1, : .. f‘
Thernostat
AN : o !;'7
' $\\\ Rotary Switch .
o ‘\\\< ("A" shows the o
N corresponding contact .
. >\\\\\ior each segment) .
NG . Flasher
RN . - - - (Temperature Activated)




4. TERMINALS AND CONNECTORS

" On symbols. for terminals and te-minal boards, a single circle
reprsents each separate terminal. Terminal. identification is
normally governed by convenience, rather than any particular .

-sequencing. When necessary, parts of & terminal btoard may be-
~~separated and identified. .The reference designation is used
for identification. ’ ' : S

. TB’ B, . - TB
o2 | | -+ —T90O%Y,
o3| ——el __.O Bl eaeror .- !
" -Basic Terminal . A portion of a
- Board Symbols . ' " larger terminal -
: L ot : bpard N -

Each of the'various types of connectors used in electronic
equipment has its own characteristics. Therefore, the symbols
for connectors vary greatly, with the function and type of
connector. However,.most of -the symbols will identify two
parts of the connector as the "plug" and“the "jack."

..

-

. ‘ . ; ’ ) . . - ’
.-'éasic;Symb61§ o

- for Plug-and Jack

Some of the connector aségmb11es ére'sﬁown be]éw{”~ .

P

R

R ES

Plug and Receptacle’

\ . i . [




Sl e

"4

\
\

Three-Conductor
Plug and Yack,
with Locking Feature
on- Jack. -

\ -
i\
\

\ .




' ‘ S U TR .y

c' : : L \\ N ;e - | \

INSTRUCTIONAL LEARNING SYSTEMS SNy

Sdf 00

Asses t -
.Di‘rectibngﬁ Place the proper name of : the component by the L
symbo1. qgeck your work with the answers on
the next. p\ ' | |
F . | : \ - ‘V _.____ﬂ.__ ‘
] i ) . .
\\ -
(o - A :
2 — “ \\
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2.

Vi B
Segment Conta§
'Current Transf Deviqe

DoubIElPole, Double-Throw SW1tch

Answers’ to Se’f-Test.\ e e

. ‘,
Fuse‘

C1rcu1t BreakEr

Compos1té Assembly or Amp11f1er .

Lock1ng Contact

'Push Button Switch

”Three-Way Switch

Thermo:tat

F]asher .
ay

T»Termina] Board

]3

Mu]tichductor Connector

ool

‘e
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]
For Rurther Information: -
Q
.- IEEE Standard and Amer1can National Standard Graphic Symbols - Y
: - for E1ectr1ca1 and E1ectron1c Drawings, 1971 ANSI Y32. 2 R
’ -
R ;'E1ectr1ca1 and E1ectron1cs Drawings. Baer, 1973 _ f’f ;
R Electron‘ic Drafting. Shiers. 1962. | | c
E1ectron1c Drafting Handbook. Raskhodoff. 1971 e
T ILs Drafi:inq E1ectr1ca1/E1ectron1cs. article 26.60 R
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mxaonuumnm .

Draftlng

‘ a - - | a - . . > |
o | Element Symbols | |
v ,Dlode, Troide, Pentode R
| e . . o . . - v
| - " Modified" Symbols | B
Special Symbols . ;
) . - . : « - . : ',.‘L"" . .
| - .. . Electrode Numbering - I
o S
Goal: - | Performance Inducators.
The student will know the dlfference -leen graphlc,lllusfraﬂons of varlous
" between varlous types of symbols and -electron tube symbols, the student
modified symbols for electron tubes. will provide the correct name for .the
—— symbol. " CEE
-7
- 7 ' "
. 12X
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* INSTRUCTIONAL LEARNING SYSTEMS

'INTRODUCTION

Electron tubes are made up of various e1ements which have '
- different functions in the circuit. Therefore, most symbols
for electron tubes will have a few basic: elements or symbols.
“Each tube 'will, "in most cases, consist of an envelope, a cathode
or emitter, and an anode. Other elements that may appear. in the
envelope are grids, filaments, taps, or symbo1s such as the one
for gas- f111ed .




INSTRUCTIONAL LEARNING SYSTEMS

Information

1. E ELEMENT SYMBOLS

-Because of the variety of configurat*ons for e]ectron tubes, '
they may use any combination of a few basic.elements to depict
that tube in.symbol form. . Some of the basic e1ements used 1n o

‘ e1ectron tubes are. shown be1ow
Cathodes X o “;
}Plain Filament 1nd1rect1y : Cold - Photo
- Heated Emissive .
Contro111ng ‘Electrodes: - S T
- = -
arid - o Deflgctof
Co11ect1ngﬁE1ectrodes o o o -
~Anode = . - Target )
- N Collecting and Emitting;ﬁ]ectréaesé
o ). pynode -° _Anode - Photocathode ~  Anode - Cold |
SV . o e o Cathode B
\ B La29 T Th~n . o .




”2;" DIODES, TRIODES PENTODES

The s1mp1est type of e1ectron tube 1s called a diode, which
_consists of an indirectly-heated cathode that emits electrons.
When the anode‘or plate is made positive in respect to the °
cathode, the electrons flow toward the plate until it is made
" negative. Thus, the diode acts as a valve (rectifier) ‘Shown

be1ow, are two types of basic diodes

Half-Wave - Full-Wave .,
Rectifier - Rectifier - %

(Diode) : . (Diode)-.

'By inserting another element 1nto the basic diode, between. the
cathode and the "plate,” it is possible to control the "
e1ectron flow. The electron tube is then called a triode." The
additional element is a grid.. The grid is usua11y 1dent1f1ed ‘
by a number, as shown in the example be1ow

31
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. : - -, e . L
T S 4 :
1 . . " : N R .

By'addingftwo more gridé, ca11ed'screén.and suppressor
grids, the basic electron tube-is now called a pentode.
-The additipna1'grids are numbered 2 and 3, respectively.

Pentode .

3. MODIFIED SYMBOLS

.The basic éiectron tube symbols can be,modified-by.adding |
one or more symbol modifiers. A few basic examples are
shown below. : : - :

V v,

) Twin Triode - Gas-Filled Rectifier
L o S -+ (No Heater Symbol)

‘Phototube
{(Or Photoelectric . . -
Electron Tube)
32
o3
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SPECIAL SYMBOLS - |
The‘e19ctron tube envelope may'také d1fferent_shapés to .
accommodate all the various elements necessary for a

particular function. - One well-known tube“that fits: this
description is the cathode-ray tube, which contains an

~ electron gun assembly, a means for deflection, and a-

fluorescent screen. A three-gun, electromagnetic deflection

"CRT" is-the type used in color TV receivers.

|

T correspond to the pin numbers as viewed from the bottom of the .~

‘1. is customary to:.identify the socket connections of an -

ey —1ar .‘-|
''YY —P *'{1 -

Single-Gun CRT " Three-Gun CRT
(Cathode-Ray Tube) : S ,

A

ELECTRODE NUMBERING - D Y

B S

“electron tube around the perimeter of the symbol. The-numbeis

tube. They are numbered clockwise from a. key. or. somé_other
reference point as viewed from tﬁg tube bottom. e

-

v

32
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Sef
Assessrnent

e ——— - _)___ .

Diii;ectionsf: As completeLy as. psss'lb1e, name the fo'Howing
N symbols for e'lectron ‘tubes in the spaces provided
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"« © °  _INSTRUCTIONAL LEARNING SYSTEMS. ° .

_ . Studg Guide

For Further Informatibh:

— .

- IEEE Standard and American National Standard, Graphic Symbols
for Electrical and E]ectronic Drawings, 1971, ANSI Y32 2.

3 E]ectrica] and E]ectronics Drawings, Baer, 1973
E]ectronic Drafting, Shiers, 1962.
E]éctronic}Draf;ing Handbook, Raskhodoff, 1971,

| ILS Drafting: Electrical/Electronics, article 26.60
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‘Dranmuﬁ“;

Basic Symbols

T_ra'nsformer_Symbols -

Special Transformer Symbols

Goal:
The student will be able to Identify

the various components that use one or
more windings for desired current

- characteristics In an electronic or

electrical dlagram.

Performance Indlcators -

Given graphlc IIIusfra*lons oﬁ/ya/ﬁous
electrical symbols, the student will

identify the symbol by/Ljs/broper name.

J
/

@Copyrught 1979, Oregon Department of Education - o
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Introduction

 INTRODUCTION:

. A simple déf1“1f1°ﬂ,er'aﬂ”ﬁ]ecthiclmoforQWOu1diBe:-~one or more = . .
.- windings—of ‘wire about an -armature or rod which is able to -~ .. '
‘rotate: Lo - BT | ' .
Although electric motors ahé*mhbh more complex, the. example .-
- defz?ition;111UStrate$ one of the basic functions of an electrical
winding. .. . - o - :

Windings are used in various components to produce specific current : .
flows and to introdice a desired magnetic field. Another example ' . o !
~ of the application.of a winding is in the simple: transformer. :

b
. v

]




INSTRUCTIONAL LEARNING SYSTEMS _~ -~~~

1. BASIC SYMBOLS- . - T T

"The basic symb01 for a winding consists of at least two A
‘  half-circle loops. The exact symbol may vary slightly, "
N . 'depending on the origin of the diagram or a particular :
N firm's drafting practice. The air core: and magnetic core
windings are shown below. The two additional para11e1 T
" lines 1nd1cate the magnetic core. . _ o e T

M,Air Core‘ - Y Y Y - Magnetic Core -

- ——r e e - . : A

Nindings are often referred to as inductors. - A few basic
‘modified- 1nductors are shown below

e e

Tapped. Inductor _ Adjustable Inductor . Continuously-__ o _
. - o . . .. ‘Adjustable . .
~ s 5”}' el . . Inductor
2.5BASIC TRANSFORMERS S

- The transformer oonsists of two.or more 1ndependent windings _
coupled by a common core. . Transformers that operate at Lo
igh frequencies normally are’ only-air core transformers, e
Wﬁa1e those operating at low frequencies are magnetic core,
. <The addition of the tabels "PRI" and- "SEC" are not part of
-~ 'the transformer symbol but may te included to help 1dent1fy
N 1nput side and output side of & transformer. :

) - - [ o )
. ’_ . - v “ T
»* . N

la) B . .

. HPRI * SEc

./: H
) b R~ . - o . .
f”v_o . - V1. Basic Transformer Symbe




Ty S -
.0 : o . . 1

®

Two modified symbols thatemay be confused are shown °

below.- Careful examination of the symbol is important

so that an error in “reading” does not occur.
e ) P

P

 Transformer . Transformer__ ..
w/an Adjustable =~ - <WJqu1ab1e,Coup11ng
Inductor Winding - . Between the Windings
) .. »‘ . .u ? (
.’ . ’ |
/ :‘\
\
L . , (
’ X £ *
T
i0
" 39 ‘ t



S VJ‘:f;f';'ﬁ ' o *“Jf'ﬁ ”~' S
-b;;>?1g*f3. jSPECIAL TBANSFQBMER SYMBOLS LT
o The: bas1 transfo er. symbo] conf1gurat1on can be,mnd1f1ed L
' #hdicate special ‘types of transformérs.. ; BN
' s ‘has’ a, single winding th a tap.. Auto- . .
T adjusteb]e and a- mod‘f1e ymbo] 1s used .
' _}to depict that type P . : Cos
- - . ) o o _ : ."/‘
-
Au;e-Transformer L " Adjustable Auto-
Dl P B "gTransformer
o Another spec1a1 transformer symbo] 1s the one used for a
- multiple-winding transformer. . The axample be]ow shows a.,
.+ - multiple=winding. transformer: with two: taps. ‘Notice that”
~the taps-are:designated by the Tetters "CT" and each of
'tfthe secondary w1nd1ngs are numbered.f o

~ Multiple-Winding Transformer -
- with Two Taps = -

40
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Sy

Ssessment

Directions:- Fi1l in the propér name for the symbol shown in -
, . -the space provided. Check your answers with -
~ those on the next}page.‘_ .

L
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For Further Information: |

- JEEE -Standard and American National Standafd. Géaphic Symbois—# .
- for Electrical and Electronic Diagrams, 1971, Y¥32.2..

ne f §1g§tr1¢a]”¢nd Sleétrdﬁ]t§ Draw1ngs._Baér;?iéziff”m
Electroﬁic Drafting,_Sh{éfs.IQGZ. | |
Electronic Drafting.Handbook. Raskhodoff, 1971. -
-7 1S Drafting: Electrical/Electronics, article 26.60
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Draftlng

Basic Semlconductor Elements

'Symbol Modifies S

'T,wo.'Te'rmIna_I Semnconductor | ,. -

Thr,eé or mofe Ter‘mlna'l Semiconductor
Element Numbers

Hybird Assemblies

" devices.

Goall = - - | Performance Indicators:

"que student will be able to ‘Identify | Glven graphlc Il lustrations of a

symb&Ts of a varlety of semlconduc‘for . | varlety of semlconductor symbols,
the student will ldentify them by

thelr proper name.

Ka
1§

@ Copyright 1878, Oregon Depa'nr'n’mt'of Educstion



 INSTRUCTIONAL .LEAHNING 5Y>1EW>

 INTRODUCTION:

A fairly new family of electronic components, called semiconductors, '
has emerged in the last 20 years. Semiconductors in the form of
transistors have replaced most of “the older electron tubes in
-electronic circuits. The semiconductors are quite small and don't
give off heat, unlike electron tubes. In the last few years, the
semiconductor “has become the primary component in integrated-cir-
cuits, which have brought about some of the recent changes in ]
computer circuits; small calculator circuits, and other specialized
~electronic equipment. R oo T

-~

45




- INSTRUCTIONAL LEARNING SYSTEMS _

Information

e ———

1. BASIC TRANSISTOR ELEMENTS

Silicon and germanium are the two materials most commonly
used for semiconductor devices. Adding controlled: impurities
produces semiconductor material of the "P" or "N" type. A~
- "PN" junction of these materials will.act as a diode or
- rectifier. . ' . ' ' : :

- A transformer is a solid-state device consisting of a sandwich
of NPN or PNP sections. In a junction-type transistor, the
three sections are composed of an emitter, a center section or
base, and a collector, which are the equivalent of the elements
of a triodé-typg electron tube. ‘ o

The basic elements of a transistor may include the base or
bar, a base with two ohmic connectors, a:-rectifying junction .
(P region on N region), and a rectifying junction,?N region -

- on P region). At this point, don't attempt to understand the
_internal functioning of the transistors. Try to identify the
different symbols and place a label on that particular con-
figuration. 'A.deeger study of electronic-theory is needed to"
fully comprehend the workings of these transistors. - .

Somé'of'theiba§1c ;y@poi;é]emgntsiarérghpwn'beTow,.;

T T n

Base or . " Base with ' Rectifying junction .

~ Bar . two ohmic - .P Region on N Region .
S connectors . : -

" Rectifying Junction

, . N'Region on P Region
o e B ' - A6




2, -§1u§g__nbn1FIERs

To help 1dent1fy special characterist1cs of the basic semi-
conductor components, symbol modifiers are used. These-
modifiers are un1que to semiconductors. '

"P-Em1tter ©° N-Emftter . Collector

An e1ement of the semiconductor. which acts 11ke a cathode in
 a electron tube, is called-an-emitter. The equ1va1ent element -
to an anode or target in an electron tube is called a
. collector.: These elements are shown above. Notice- that the
- arrow:points toward the base ‘of the P-emitter and away from the
- ”base 1n the N-emitter

'ﬁGates or contro] elements- are used much “11ike grids in the
e1ectron tube. A few examp]es are shown be1ow '

»'.'nSU1ated Single ‘Insulated  Conrol  Tun0ff
Gate = Multiple Gate _Gate _ Gate

o~ . Spec1a1 property symbo]s are used to further 1dent1fy a semi-
R conductor. They are placed w1th1n the enve1ope or next to the

maiar symbol.
ﬁBpeakdowh or . Backward Tunneling Capacitive .

Zener




- 3. TNO-TERMINAL SEMICONDUCTOR°

Semiconductors can be divided into two basic groups. They
are two-terminal and three or more terminal semiconductors.
There are a variety of two-terminal devices and the symbols
are simply modifications of the basic symbol. These
modifications indicate the special properties that each
~device has.

The basic symb01 for a semiconductor is shown below in the
- form of a rectifier diode

CR
' The enveiope may be omitted if

|<::EE::> ot confusing.

Rectifier

- Diode -
Some of the modified symbols are: _
CR - - \:\ CR
AR S
dy & | U
“Capacitive . . ) Temperature Photosensitive .
L Diode or . Dependent . Diode (Photo Diode)
oo  Varactor Diode i
CR _ / CR | VR
@/ @ '- . @
Photoemissive ' Storage Breakdown Diode
Diode Diode | (Voltage Control)
49 []

48




l B R . ] ’ ’ . :
Bidirectional Diode - © Tunnel Diode

. CR

N

PN PN‘Switgh | ~ Photo-Activated Switch
Camee- DIODE SWITCHES ----- | -

Notice that, for all the previous symbols, the distinguishing
feature is one or more modifier added to the basic symbol.
Therefore, a thorough understanding of these modifier's will
enable you-to distinguish one semiconductor device. from another.

4. THREE OR MORE TERMINAL SEMICONDUCTORS

The three or more terminal devices are simply build-ups of the
. two-terminal devices. The basic transistor falls in this
grouping. The symbols below show the two basic transistor
‘symbols. Notice the designation letter is not "CR," but "Q."

Q a
N N - o

Notice the directions

“of the arrows follow

the basic rule for P

and N emitters.
PNPAType NPN-Type
Transistor - Transistor .

SC

49
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: The symboT below shows a s1ngTe Junction dev1ce w1th a double-
base’ d1ode ca11ed a unijunct1on

N Q

Unijunction

Field- Effect Transistors or FET's take a var1ety of con-
fnguretions “Some of them are shown below. :

Q __ | _ .- a
- b ‘ )
G .
s G s
3 TermiheT S ) ~ Insulated Gate
a_-_ - - a
o/ o : . G2 )
: ' B
¢ s : . 6! s
| 4 TerminaT | i' | Terminal, 2 Gates

Not1ce that the d1rect10n of arrow in re1at10nsh1p to the
Jase 1indicates these are N-channel or N- type junct1ons
- P-type woqu have- the arrow reversed :

The letter designations on the field-effect: transistor symboTs
- indicate the connector's {identification. They are not

normally part of the symbol. but may be used for cTarificat1on
The1r meanings are: . E&

co ductor ControTTed Rect1f1ers are, again, simply modified
two teFﬁHnaT semicon uctors. - ) - e

@

N Type Gate . P-Type Gate

Sw1tch




1]

.. ELEMENT N QQEER |
- Te 'sistor e1ement numbers are assigned reading c1ockw1se, ‘

as iewed from the bottom of the transistor. They are

11y #1 for the emitter, #2 for the base, and #3 for the
co 1ector._ Examp1es are shown on the previous page.

HYBRID ASSEMBLIES

Microminiature circuits of today demand components that are -
more compact and sometimes more complex. A response to this
- demand was_the multiple diode-and-transistor assembly within
one. transistor envelope. They are ‘designated . by “70-5" or
"T0-18." These assemblies have -their own circuit with
.connections to the outside from each semiconductor or inter-

‘tonnection of some of the semiconductors. Some of the circuits -

are shown be1ow.

-

o
o

. — 51
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Assessment

Q

0 )
.
P

Directions: Identify thfa.foljowi,ng two-terminal semicon&uctor
~ devices in the spaces provided next to the symbol.

CR
1. AR D

o w ~ ',__. — : —xb\




- 10. -

¢ -
. .

.

Directionsi

444444

semiconductor in the spaces provided
Q: - o =

Place the correct name-0%_the three or more t,rminal

——

¢
o
PNP
~ Q- w
P )
L
. "ty
=
A
Q .
Y
v
’ - el
v
D
[ <
G -]
o
"
t
o
e s
2 i LA
5 . o
e
i
.51‘.,"."
-y .
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For Further Information:

'1EEE Standard and American National Standard, Graphic Symbols

'for Electrical and Electrondc Diagrams, 1971, ANSI ¥32,2.

Electrica] and E]ectronics Drawings, Baer, 1973.

: E]ectronic Drafting, Shiers, 1962
Electronic Drafting Handbook, Raskhodoff 1971

ILS Drafting. E]ectrical/E]ectronics, article. 26.6Q
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TLINCTIONAL LEAWING WDUINMD

Lamps & 'Sigln_a,ls

Mechanical Functions
Readout Device
Rotary Machinery

. .

‘Goalk -~ .| Performance Indicators:
~ “The student will be able to identify. - | Given graphic illustrations of elec-
symbols that indicate lamps,-meters, .| trical symbols, the student will
rotary machinery and mechanical functiong. identify each symbol by its proper -
L ‘ ' ".name, ’
&Ny

o .©Copyright 1978, Oregon.Departmen.t of Education
ERIC © © f Educaton




'INSTRUCTIONAL LEARNING SYSTEMS

Information

1. LAMPS AND SIGNALS .

There are two basic types of lamps: (f1uorescent and
- incandescent). A fluorescent lamp may be one. of two types
(two terminal or four—term1na1). '

It

2 TEIM!NAI. ‘4 TERMINAL

InCandescent»' ' - F1uorescent,

Notice the gas-f111ed symbo1 in the r1uorescent 1amps

Among the visua1 s1gna11ng devices are those for 1nd1cators,
‘pilot 1ights and signaling lamps. To avoid confusion with
meter or relay symbols, the suffix "L" or "IL" should be
added to the color designation letters. These letters are:

A= amber B=blue

, = clear R = red
NE = neon - 0 = orange P = purple
W = white . Y = yellow - G = green .
The symbo1s are: - | -
DS DS __ T

' Wifh co1or ﬁde‘s1gna't'lons they are: .
DS____ DS ___- s
A jeweled signal Tight symbol is: ’
" DS

o

57. t‘& '




2. MECHANICAL FUNCTIONS |
Since it is sometimes necessary to identify mechanical
- details such as linkage or motion on circuit diagrams,
a group of symbols have been assigned for this purpose.
- . The symbol fbr mechaniéal connections or 11nkage_1s'just
.a dashed 1ine between elements of the components.

-

‘Mechanical Linkage

’ L1nka§es are normally shown on switches.

Motion is described by the symbols below. The letters "CW"
and “CCW" describe the 1imit of fotion in a clockwise or

counterclockwise direction. ~ -~ .7
Clockwise o cduntefc1ockw1se .. Both Ways

. ?T'Vfﬁdjustab1e Resistor
‘ ' ““(Reostat) in Clockwise -
.. Direction -~ -

3. READOUT DEVICES © |
) ‘A wide range of meters and electromagnetically-operated
counters are classified as readout devices. The function
- of the meter is not described by a different symbol but by

~_using a common symbol and a letter designation to explain
its function. L : . .

<

58




The basic meter symbol is a circle with the designation :
letter placed inside

. DESIGNATION LETTER

“

Meter function designations ‘are described by the fol]owing

letters: _ :
i A = ammeter OHM = ohmmeter
AH = ampere-hour ‘ ~ PF = power factor
" DB .= decibel meter a V = voltmeter ;
F = frequency meter > = VA = voltammeter o /
. UA = micrammeter ' W = watt meter v ’
"MA = milliammeter WA = watt-hour meter o/

.vThe basic meter symbol may be modified to show a specia] i
component that is part of the meter . 4 N

e .. M M
| — R [ﬁ] o
S v . I o
Meter with & " Meter witha  °  Electromechanically-

Shunt Resistor ~ - H” Multiplier _ - _operated counter

4. ROTARY. MACHINERY.

Rotary machinery consists of ‘'such devices as motors, generators,
and synchros. The basic symbol for rotary machinery is'a circ]e

" with a letter designation . S .
G __ o [
‘Basic Syhbol o Generator Direct - " Generator Alternating

Current ‘ Current

e . w60




Motor D.C. Motor A.C. -

Notice that the designation letters are underlined if the
device is "D.C." and.a "Hertz" symbol appears under them if
the pevice is "A.C." :

~ ‘Modified symbols are shown below:

~

B . .8

1-Phase 24Phasé: - 3-Phase

* Motors with Winding
connections shown

Synchros with either 60 hertz or 400 hertz power inputs are
shown below. ' - : S

ot
S

~ 7 Control Transformer ~f‘. - Differential Receiver
Receiver Transmitter - . . Differential Transmitter

60 N ) \



Self
Assessrnent

E Dirgctions:.

Name the symbols shown in fﬁgigpéces provided

. DS __ | |

- DS

S




- 10,

8.
M
°.
—0
n.
12.

)
Co
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Answers ‘to Self-Test:

1. Incandescent Lamp; 2. 2-Terminal Fluorescent Lamp; 3.
Pilot Lamp; 4. Red Pilot Lamp or Red Signal Lamp; 5. Jeweled
Signal Lamp; 6. Clockwise Rotation; 7. Mechanical Linkage; -
8. Ammeter; 9. Meter with Shunt Receiver; 10. D.C. Generator;
11. A.C. Meter; 12. 3-Phase Wye Motor. . T

- 63
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For Further Information: o E

IEEE Standard and Amer1can Nat1ona1 Standard, Graph1c Symbo1s
for Electrical and Electronic Diagrams, 1971 ANSI Y32.2.

E1ectr1ca1 and Electronics Drawings, Baer,- 1973.
Electronic praft1ng, Shiers, 1962. ¢
Electronic Drafting Hgndbook. Raskhodoff, 1971.

IL§ Drafting;'_E1e¢tr1c§i/E1éctronics, artic1§ 26.60 '
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component

. ’ . o
Basic Composijtion

Transistor & Electron Tube Stages

Filter & Tuned c.ircu-its

The student will be able to identify
the components and related circuitry
of schematic diagrams.

Perfdrméme Indicators:
L

the student will select the prope

.ldentificatibn

Given a schematic of an amplifier

circuit showing various symbols,

the student. will identify the
symbols’by. their proper name.
Given a series of uncompleted

=
a

statements and electrical terms,

-to make each statement a true . -
statement,

/

* ©) Copyright 1979, Oregon Department of Education
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\

' INTRODUCTION: ..

" schematic diagrams are used by technicians and engineers to descritz .
the basic circuit theory and connections of -an electronic circuit.

The symbols you have studied up to this point-will help you read and-
understand the schematic diagram: - = ) o P

L

i
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INSTRUCTIONAL LEARNING SYSTEMS

. L

iInformation

1. BASIC COMPOSITION “~—— . = 7~

Most schematic diagrams have def1n1te sections or groups of
components that are reJated to each other. The easiest way
to "read" schematic diagrams is to break down the diagram.
~ into small groups and define the furction of each group or.
“section. The remaining circuit is then mere1y an inter-
connection of these groups.

.- Al schematic diagrams are composit{ons of a few basic

elements: graphic symbols, istages, signal and power f1ow, . e
5 component 1dent1f1cat10n, and operating contro1s ‘ ‘

Most schematic diagrams are drawn in stages, with each stage
/" centered around an electron tube or transistor. A basic
. circuit for a transistor stage 1s. shown below. "

: ) .enrruv_‘ '
' Basic TranSistor §tage
Each of the individual stages are connected in the circuit w1th | ’:*

A ~ a coupling circuit. A simplifigd circuit arrangement is shown

e  below. Notice the position of the coupling circuits.

oo I P . '---‘——l O
u . 1N.__— STAGE | court |_‘ STAGE |COUPI.ING|.  STAGE __»03,”"

| ' 1' Lc_l:c_u_n_: . 2 __'Lc.:tc_ui: _Ir-— 'v3_ : .
, . Simplified Drawing of Multiple Stage Circuit
ERIC . oo e oo 3&957‘ - ﬁ}ég‘»‘ e e M




- 2.

COMPONENT IDENTIFICATION

Eaéh'major eomponent'1n a schematic diagram has a specific

identification. A combination of letter and numbers will

'.'1dent1fy the.  component type, state its position in- the circuit

, and may. give further 1dent1f1.at10n numbers

Transistors miy be 1dent1f1ed by. the letter “Q,” followed by )
a number that’states thé trarisistorsi‘position in the circuit.

| _Further identification of the transistor may be shown hy a

second 1ine of numbers such as "2N1414." The “2N" identifies
the ‘component (in this case, a transistor) The remaining

numbers are identifying numbers for the special characterist1cs

of that trans1stor

Q2-
zmau

| Trans1stor;identjfjéation“

Res1stors are 1dent1f1ed by the 1etter “R,“ followed by a

. number that states its: position.’ Resistors are generally

classified by an ohm rating. Therefore, a number indicating.
thebohm rating of the res1stor may also_be included by the
symbo )

o

R3
© 100 -

R Res1storfioeht1f1cat1on

N

e



Capacitors are identified by the letter “C," followed by a.

number for indexing or position in the circuit. Capacitors

are classified by their farad (fd) or micro farad ( -~ fd) - E
rating. Therefore, the capacitance rating may also be included

by the symbol. SR - .

Cl
\ ]
| S B
) ) . B50ALWd

- Capacitor Identification

Diodes are identified by the 1etter "D" followed by an index -
number. Like transistors they may also be identified by a
group of numbers. and letters, such as "1N914." The "IN"
identifies the component as.a diode or rectifier. The "914"
-. 1s a-special characteristic identification for that component.

Rectifier diodes are similar to diédes_éxcébt they are -
~1dentified by the letters "CR" followed by an index number.-
D /’?‘\ IR <E£:>

CIN94 IN9O4
Diode . Rectifier Diode °

Identification - ~ Identification

Some ofithe o;hér cbmpohent 1dent1f1cat16ﬁ'designétions: .

A = Antenna “ " U= Microcircuit
BT = Battery h = MK = Microphone
CB = Circuit Breaker . . . 'B.= Motor .
F = Fuse Y = Oscillator - -
HR = H-ater - K = Relay '
."L .= Inductor. S = Switch
. DS = Lamp ‘ : - TB =Terminal Board .-

.69




TRANSISTOR AND ELECTRON TUBE STAGES

" The basic stages are cpmpTéte:mihi-circuits“that provide the ' ig
necessary operating voltages for the transistors and electron N
tubes along with coupling elements, filtering means, and so :

The basic electron tube stage circuit consists of the fi1améﬁt
‘or "A" supply circuit, the plate or "B" supply circeit, and the

grid or "C" supply circuit.

In‘;he example be1ow; "Rg" represénté'thé'gfid resistor .and
"R" represents the plate Toad resistor. R .

pl (FILAMENT)

Ny S -
_:,|+‘\| I OUTPUT
“eartery’ | - ..
! ‘llj y 1_'1- | +
"c" BATTERY .. "B" BATTERY

© (GRID) ~ - (PLATE)

A Basic E1ecfron‘Tube Stage Circuit

 The basic transistof stage circuits cén be divided into two
" types (PNP.and NPN). The examples below are for NPN-type
circuits. PNP-type circuits-will be s]ight1y different.-

‘Buasic Tfansistor Stage.
_ Circuit with a Common
S R - Base (NPN-Type)

S




© " Common Emitter I . Common Collector

-t

Transistor Stage Circuits

-~
't‘o




4. FILTER AND TUNED CIRCUITS

These ciréuits are generally used in app]icatiohs requiﬁing_
frequency discrimination or turing. :

Filters generally consist of combinatiené of capaéitors< '
and inductors. There are three main catggories: -Tow-pass (LP), '

‘high-pass (HP), and band-pass (BP).

: Low-pass filters altow passage of frequencies below a certain
cut-off frequency and high-pass filters allow passage of
frequencies above a certain cut-off frequency. The band-pass
filter allows only a certain band of frequencies to’pass.

oO—N - \ I '
LI T —0 O A ©
==¢cl S o <Ll
) : 0 : .‘ ‘ . :
S O0—s—0 = O — —O
N " Low-Pass Filter S High-Pass Filter
LI

Cl

71

Band-Pass Fthér

P10 |
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i Tunjng'circuité are usSed to select a resonantﬂfrequency by
" varying either the_inductance of capacitance.

Tuning circuits,.therefore, have an inductance connected. in
parallel or series with a tuning capacitor. )

-9-

*

!%;l :‘l . 'ii‘-i

A%;

|

Tunfng'01rcu1t R | Tuning Circuit o
(Parallel) _ (Series)

'5. SWITCH CIRCUITS

" Switches and their circuitry can become very- complex. However,
the basic components and contacts are quite simple. Even very. .
‘complicated switching circuits can be easily "read," if you can
identify the basic configurations. Rotary- switches are often
used in electronic equipment for vo]tage control or circuit
switching. An example of -a rotary switch is shown below.” Each
contact is numbered. A table of circuits.and corresponding

. switch contacts may accompany a schematic which has several of
these switching circuits. T -

— ;,K'L'r .
. _.‘/,-"/' . . . .
° R T
N 2P
| .9"_»‘ _ ./3 -
.. Ol —O——
L s - |
S _
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6. SEMICONDUCTOR CIRCUITS -

The least expensive type- of transistor stage coupling is called
the direct-type. "It requires a minimum number of components.
. There are two other common types of couplings used with
* transistors.. The resistance-capacitance type of coupling uses
a special resistor and a-bypass capacitor.. The third type of
coupling is a transformer type. : S

Examples of each are shown below.

Ql

KBASIC SYMBO!
'~ FOR CHASSIS
. GROUMD

Direct-Type Transi:vor Coupling.
——O-8V

\?"\;‘;ﬂ!‘d' A

=

Resistanee-Capacitahce-Type TransiSfor‘Coupling'4-\




A}
7

L)

‘Transformer-Type Transistit Coupling

Sy
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INSTRUCTIONAL LEARNING SYSTEMS

Self
Assessment

'_Directions: CompTete the foliowing multip]e-choice questions.

: 1. Most schematic diagrams are drawn in stages with ‘each stage
centered around an electron tube or
(Capacitor Resistor, Diode, Transistor)

2. ' ’ connect each of the individual
stages in a schematic diagram (Switches, Transistor,
-Coupling Circuits. Stage Circuits)

3. "Q" is the identification letter for a
(Capacitor, Diode, Switch, Transistor)

4. "R"-is the identification letter for a
(Resistor, Capacitor, Recorder, Diode)

5. "CR" are the identification letters for a
(Diode, Transistor, Rheostat, Rectifier Diode) ]

” Directions:ﬁ-Labei‘the followin components in the ampiifier
circuit shown below. Resistor ?R) Speaker (LS), Transistors :
- (Q), Transformerf(T).

. . -r——l e




.

Ahswers to Self-Test+ ' L - i

1. Trénsjstop
. 2. Coupling Circuits °
3. raﬁsistdr' o
4. Resistor -
5. Rectifiér.uiode'
;. o
T
O— .
O—-
A

" The exact number of .the. resistors may vary.

FINAL QUIZ IS AN INDUSTRY DRAWING:

-¥
o
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Study Guide

For Further Information:

N\

-Eiect;ica1 and Electronics Diagrams; The American Society of
Mechanical Engineers, ANSI Y14.15, 1969

‘Electronic préfting and*Désign; Raskhodoff, 1972.

' Electrical and-Electrorics Drawings, Baer, 1973.

ILS Drafting: * Electrical/Electronics, articles 26.50; 26.70
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raftlng

_Interconnoctlon or Block Dlagrams
Component Symbols : Conductors

Point to Point Connectlon Diagrams
Cable or Highwa,y- ‘Dl-agrnms

Baseline Connection Diagrams

~

| PO : . L - : . L . -

.

i e : . Co ‘ ]
Goai: . o Performance Indicators:
\ The student wt]] be able to trace the | Given schematic diagraws of three

circuits in different types Qf'eIectr1- different types of electrical circuits,
cal d1agrams the student will trace the circuits.

\ S _ | ' e
3 . .
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>/ |NSTRUCTIONAL LEARNING SYSTEMS

Introduction-

~ INTRODUCTION:
The schematic diagram provides only the basic circuit connection .
information. It is not complete enough for servicing or assembling

' the circuit on a production basis. A companion diagram to the -

- schematic is the connection diagram. It provides detailed wiring
information in terms that service or assembly technicians can use. -

There are two situations that require.connection diagrams. They
are the interconnection diagram or "Slock" diagram, which shows '
the external wiring between separate pieces of electronic equipment ,
and the component wiring diagram, which shows the wiring of the :
internal components. : : =

80
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1. INTERCONNECTION OR "BLOCK" DIAGRAMS T R

The external wiring connections between separate electronic
equipments is the primary purpose of the interconnection
diagram. Therefore, the electronic equipment is- simplified
by a symbol such as a square or rectangle. The only
components that are shown in-the blocks are the terminal
connections or terminal -boards. Each block is named and
the terminals and terminal boards are numbered. -An example-
is shown below. In this case, the blocks are identified by
the letters "A," "B* and "C." - - o

: =] 4oV
e e | (e
= U S LN
' TB2 . o . . a
v _T.."-‘. . B +5V- S
N "PZ) (J2) | . .

| S

(g

. [y LY - 3 ' .

1 1. e 1 a ¢ 8.

GND |- - : : A , C
R T A 2L

sig +28vV & T L - |

k3

" *  Interconnection Diagram--. . ' <:> e
i . <o .". ~’.'.' L ' ‘ o 14'\ . ) .
Notice that the plugs and jacks for connections beteen these
parts are each numbdred;. - 7 7 L TR e .

A simple black diagram is shown below. . Do 5 v
o i - ., |FILTER
: . E _ . | . Bl..‘,o ‘l |
RF RIS - | pemopUL-| * . ‘AuDlIc |
AMPLIFIER | FILTER . .. .| AMPLIFIER] "
R . , B e " B
ST . . AUXIL.” ¥ 4
' . REIA=- 1 ] TUNER
- ' | FILTER ER

| ' Block Diagram - RS L
ERIC S 81 82 L
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. COMPONENT SYMBOLS

P

_'Depénding’on their physical complexity, components are

represented on the connection diagram in a -number of ways.
Basic geometric shapes, such as-circles, squares and
‘rectangles are used as the basic component symbols.

Termﬁﬁaigtohhections for each component must be adequately
“identified. They are normally represented is they would
-appear on the component. Reference points are often shown

“as an’ﬁid’in identifying connectors.

" In the.example below, the words "ped dof" areﬁgivén as

reference in information.
S10 N
—O1 3 ();_—f"';—?
| A'éoﬁmdn méfho& fbf'1dent1fy1n;Vtérmfﬁai;boérds.is to number

‘the ¥erminal board "TBZ," for example. They may be drawn
in two ways. Each is shown'below. -~ -~ = = .

Ll O T RN S S T
Ll L falefe 0

LT 27 37. 4 1 1. ] -
1 T ] T T

Component symbols may also represent -assemblies.

'CONTROL UNIT

i s |
| 0

0 .Q 0. | IR _
] flj :.Jp_.‘ o : -;53:3 _




g

Transistor components are shown as if viewed from the bottom
Letters "E," "B" and "C" are used to identify the emitter, base,
and collector respectively. Each ccnnection point is numbered.
Some examples are shown below.

- . BEC .’ 6‘60

3. CONDUCTORS

Round copper wire sizes are 1dent1f1ed by numbers in accordance
. with American Wire Gage ’ANG) Standards ,

5izes #10 through #42 are most common 1n electronic equipment

-"Bus wire" is a solid, tinned copper wire used for short po1nt

,to point connect1ons oy
The most common conductor used 1n electronic wiring is the _
single, plastic coated, copper wire. This wire is available

. in & variety of solid colors or solid color with a single or
doub]e "tracer" winding around 1t

Conductors are 1dent1f1ed by a coding system wh1ch may include
-color or colors, wire size or other information. -about the ‘

conductor
- Conductor Color Abbreviations ; ‘

- ' i - _ Military
Co]or ' : Code Abbreviat1on Standards .-
-B]ack -0 BK«~_,_ ! BLK
Brown : 1 " BR I BRN-
Red " 2 R -+ . -RED .
Orange 3 - o . ~ ORN

_ Yellow .4 v - YEL

- Green 5 G S GRN
Blue _ 6 BL BLU -
Violet . 7 v . VIO
Gray 8 GY . o "GRA

. White 9 W WHT

& Y
- —H4
‘ 83 3 .




Some of the basic conductor identifications are shown below.
Number 1 indicates- seven strands of Number 30 wire in solid
green covering

(1) _ 7/30 G

(2) - 6 . Green Color Covering -

(3) ‘ O R TB3-4 ‘Red- Covering-Conductor

: . goes to terminal board
Number 3 and is

connected to terminal
Number 4.

4. POINT- T0 POINT CONNECTION DIAGRAMS

A

For simp]e e]ectronic circuits, it may be possible to. show a
wire-by-wire connection of .components. However; this .is
‘ormally accomp:ished by showing the components as they: would

- .appaar in the circuit or as they wou]d be placed on a mounting
'assembly or chassis ' , '

Point- to -point connection diagrams may be actua] pictoria1
drawings for service manuals; or they may be in the form of
single-1ine drawings, as those used for schematics..

~NWOo—=HH—FC &L 573 ] =yTer
o | — '. . D3
- 1 104
: X 1 oe
Q ) '/IV /
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5. CABLE OR HIGHWAY CONNECTION DIAGRAMS

When diagrams become too complex to be drawn as point-to-point
diagrams, a number of the connections may be merged into single
1lines.that run horizontally and verticaily between the com-

N ) ponents. These lines are .connected to the components by short

'\2 lines called "feed" 1ines. The example below shows one method

YR of feed 1ine information. The destination of the feed 1ine is

e fmint o ghOWR-:bY.-azcomponent designation letter and number. The feed .
' 1ines may also bend or curve in the direction of that component.

T8I

Wire Color Codes
‘May Also Be
~Included
*
-
If a large amount of 1nformat1on ‘about conductors is necessary,
then a conductor identification letter-/and number may be used
to 1dentify each conductor. A list of these conductors and the
necessary information about them would also be on the drawing.

TBI

S S6

TB2

; =i
Oz




BASE-LINE CONNECTION DIAGRAMS

Unlike the cable diagram, a base-1ine connection diagram may
have several short base 1ines that help simplify the connection
diagram. Components in a base-1ine connection diagram are
assigned numbers from left to right and: top to. bottom

It should be noted that*¢he base lines, 1ike the cable or highway,"

are only for the convenience of the reader. They don't actually. -

- exist in the circuit.- Base lires may or may not be continuous.

In the example below, trace the black wire from terminal board
2, terminal board: 3 to 1ts destination (switch 12 or component
number 3).

TB3 €§ |

R
| 4 - CIS 102 -
R4 t
2|0 (A) B 05 Q3
. '..,._5S|5
. | /
o| © tﬂlnﬂi_
& 3 > o
oocol|ll - -
1 2 3 4|TB2I
_!
Notice that the termina] is. determ1ned by ‘the color of N
: conductor ccning 1nto that component. 7 .
- ..0 ’/ .
.' - . g
ev -
S
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Self o
Assessment

Diréctions: From the point-to-point diagr. selow, give the
component name and terminal num. ~ that is
connected to the following compurients and_termina]s.

’%m

Tee

o>
e

| | ! O o3Ne
! 02 .v 3 - O 2 | 2

O3 | 3 I _ ."f) :
- {Ta|{Q4 | s e ER

1. Terminr] C of terminal board 4 is connected to
’ _ \terminal : : and L }
terrinal A . o . \

Lk

2. Terminal 3 of switch 3 is connected to
terminal _ - = .

3. ,Terminal-l of .transformer 4 is connected to
‘terminal _ ' . ‘ 3

A i e i

. : . . : .
{ . 4. Terminal E of terminal board 4 is-bonnecfad to
R termjna] . .

5;.,Term1nel 1 of transformer 5 is. connected to
T ' termina] .




Directions: From the highway connectjon diagram below. indicate
S the component and terminal number that is connected
to the following components and terminais.

'$W‘ E "“ .‘

N SI-2

NETEB ]
BI-3

Bl-3 1.5
. ./iﬂ—.4,_,
. POWER SUPPLY _ ‘ TERMINAL
THERMOSTAT
(SI)

(871 Si=t - E2ARD
3% \TBI-4 - (TB81)

~ THERMOSTAY 24 )B4 |
(s2)- . -
| | Lss o

. . MOTUR o ‘. .
~ - (BY) - : o

1. Terminal 3 ° thermostat » 1s connzaced to
terminal number '

2. Terminal B of battery 1 is conuected to .
b terminal humber “

. 3. ‘Terminal 2 of terminal board 1 i connected to
-~ ~ . terminal number

.\‘

4. Terminal 4 of thermostat 1 is connected to
terminal number. .

5. Terminal 1 of motor IE 1s connected to
terminal number _ .

v : \
i




Directions:

&

From the base-line connection diagram below, indicate

the component and terminal number that is connected
to the following components and termina]s

—

Mi

22 RI

3 O CB . 4@

N

| Q O}
. . r .t? .
'o - %r* m.m 03 ©
ol wl ~|o - | © o o - <o‘ ol ™
- .-
o@ || | %
o 3| x{>| ol 3| 3| > AR
T | x|l of 3| 3| > @
X Xe 668668 7 He
2.3 a T2 3 a O0000O0
| SR .’ 2 3 4 5 6
T T2 » - TB2
1. Terminal 5 of terminal board 2 is connected to

‘terminal number-

Terminal 1 of switch’I is connected to
termina] number .”‘ .

Terminal B of terminal board 1 is connected to

terminal number :

. Termina] 3 of transformer 1 is connected to

terminal number

Termina] 6 of termina] board 2 1s connected to

terminal: number < R

7y

Answers next page

e U




'Answers to Se]f—TestE

Answers to Point-to-Point Diagram

1. fransformer 4, Terminal 3, and Switch 3, Terminal 1.
| TranSformer 5, Termina] 3. |

. “Switch 3, Terminal 4.

TranSformer 5, Terminal 2.

o » w n

Switch 3, Terminal 2.

Answers to Highway Connection Diagram

Lamp 1, Terminal 1.

-
) w—d
.

2 Termihg] Board 1, Téfmina] 3.
3. Motor 1, Terminal 3.’

4. .Thermostat 2, Terminal 1.
5. ’PowEr Subp]y 1, Terminai C..

' Answérs foquse-line Cohneétiqﬁ Diagram
1 Resistor-l, Terminai 3.

Motor 1, Terminal-1. ;h'
.-.Trénsformer'l,.Términal_z.

TerminallBoard 2, Terminal ];  '

o b w N

Terminal Board 1, Terminal C.

FINAL QUIZ IS-AN INDUSTRY CRAMING!
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Study Guide

I
i

For -Further Informatiqn:' ‘ - S

Electrical and Electronics D1agrams,AThe American Society of
Mechanical Engineers, ANSI Y14.15, 1969.

Electronic Drafting ‘and Design, Raskhodoff, 1972

E]ectrical and E1ectron1cs Drawings, Baer, 1973
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12.
13.
14,

15.

,J/ 3

SR
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. Name

-

Directions? Identify the following sympo]s._»

F

- CB.

PS

-

\.r'

e




X9y

796 -

T8 -

13
18,
15




Name —— ; - J e

- Directions: Identify the following symbols and symbol e1eﬁent§.‘

_::3E?u Tf —

B
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J
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Aruitoxt provided by Eic:



Name__

Directiohs:' Identify the 'fo_now_ing symbols. -,




O

ERIC

Aruitoxt provided by Eic:

Tl




o




CR

103

102

10
n
12.
13
14.
15.
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Name . e

lf'DireCtions: 'Idenﬁify‘the fo110wing éymboﬂs;

L

A
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-Name Y ST

—

Directions: Refer to the Industr1a1 Draw1ng marked EL1, to -
~answer the following quest1ons : T

~_\.\
SO <

" '1. what type of resistor is R1440?

o

" 2° What.is the component ét“(:) ?

T 6.o What i3 the component at (:) 7

3. How many semiconductors?are shown? ' .

4. What is the symbol at () ? |
' 5“ What is the. ohn rating of res1stor 14227

~7. ‘What is the cdmponent at (:)j?

8. .Nhat is ‘the component at <:>_?

9. Nhat is the nam of the‘componehf.e1éheﬁt shown at (:)'2

*

10. .What is the féting of capicith 14ié?‘~;., . | ;‘:' o :b..;

11, MWhat iype‘of cépacitoilis C147i?

4]

12. What is the ohm rat1ng of res1stor 1486? -
3. What is the compoﬁhnt at (:) ? ”

LY

'14._'Nhat is the»ggmpaﬁﬁnt at.<:> ?

~15. What_isfthe compqnent'number for the ¢RI?

[ 20Y
<
<y

co0s e o



b Name , o - :
. . . @
o \‘~\\ : . 20 : P gn ‘
Dol — N Am Q‘?"ﬁ ] ’
Directions: Refer to the Industria] Drawing marked EL2, ~ l/( .
o to answer the following questions. - ”
. . " . | . e _\\\
T —The-channel—two-preamp is connected to __
2. The vertical oUtpUt amp js‘connected to—an e]ementrof‘the
3. The low Vo1toge power supply is connected to
4. »Signalpfrom,theedeloy']ine goes-to S -ijf1i7?>>~\«\~~ .
o | A . ; \\“\\\_'\-\c
5. Component number 11 is connected to
. 6. Name the two component e]ements that the CRT circuit is
-connected to .
- 7. Name the components that are connected to the sweep control
‘ and Z axis log1c -
- ‘ )
N R
) 7 ) )
127
‘ .‘:‘: . ]06 B ' ‘ ', 1
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Aruitoxt provided by Eic:

s, 'X'

Circuit Description-—465 Service (SN B250000 & up)

.

cHiVERT | (O
SIGNAL OUT C,,E . )
: CH1
PREAMP

& 3

CH2 Lo

i | @

PREAMP

&

VERTICAL
> , oUTPUT
DELAY 1 Tame
VERTICAL LINE
SWITCHING - @ -

CHOP 3LANKING

X AXIS SIGNAL

CALIBRATOR

©

TRIGGER
VIEW
AMP

1 .

i

CALIBRATOR .
. . HORIZONTAL
i oy = ~ AMP
: A TRIGGER A SWEEP i 5.
: GENERATOR , - GENERATOR @ : L -
A -mLug‘cEm - <5> SWEEP _
EXTERNAL > CONTROL . , |
TRIGGER s I co
INPUT £ 2 AXIS
: waie | [M A
atricoen =1 1 SWEEP VI ,
GENENATOR . {cenenaton |
EXTERNA @ ‘ 1 ®
L , . |
TRIGGER. (O™
INPUT ‘ ’
‘ ) SWEEP UNBLANKING Z AXIS CRT _———
FAN vot‘%'i‘ce 70 - AMP CIRCUIT —
MOTOR POWER SUPPLY. ‘ALL T ' -
CIRCUIT " olocks T ZAXIS (3
@ : ‘ . 7. - Y ,
. .. T o s LA 18616

-

Fig. 3-1. Basc block dlagram of the 465.

'

| " final qu|z EL2
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