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OBJECTIVES

TERMINAL OBJECTIVE

1.0  Given a block diagram, print, or schematic, IDENTIFY the basic component
symbols as presented in this module.

ENABLING OBJECTIVES

1.1 IDENTIFY the symbols used on engineering electronic block diagrams, prints,
and schematics, for the following components.

a. Fixed resistor o. Fuse

b. Variable resistor p. Plug

c. Tapped resistor gq. Headset

d. Fixed capacitor r. Light bulb

e. Variable capacitor s. Silicon controlled rectifier (SCR)
f. Fixed inductor t. Half wave rectifier

g. Variable inductor u. Full wave rectifier

h. Diode v. Oscillator

i. Light emitting diode (LED) w. Potentiometer

j.  Ammeter X. Rheostat

k. Voltmeter y. Antenna

[. Wattmeter z. Amplifier

m. Chassis ground aa. PNP and NPN transistors
n. Circuit ground bb. Junction

1.2  STATE the purpose of a block diagram and an electronic schematic diagram.
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ELECTRONIC DIAGRAMS, PRINTS, AND SCHEMATICS

To read and understand an electronic diagram or electronic schematic, the
basic symbols and conventions must be understood.

EO 1.1 IDENTIFY the symbols used on engineering electronic block
diagrams, prints, and schematics, for the following components.
a. Fixed resistor o. Fuse
b. Variable resistor p. Plug
c. Tapped resistor gq. Headset
d. Fixed capacitor r. Light bulb
e. Variable capacitor s. Silicon controlled rectifier (SCR)
f. Fixed inductor t. Half wave rectifier
g. Variable inductor u. Full wave rectifier
h. Diode v. Oscillator
i. Light emitting diode (LED) w. Potentiometer
j.  Ammeter X. Rheostat
k. Voltmeter y. Antenna
. Wattmeter z. Amplifier
m. Chassis ground aa. PNP and NPN transistors
n. Circuit ground bb. Junction
EO 1.2 STATE the purpose of a block diagram and an electronic schematic
diagram.

Introduction

Electronic prints fall into two basic categories, electronic schematics and block
diagrams. Electronic schematics represent the most detailed category of electronic
drawings. They depict every component in a circuit, the component's technical
information (such as its ratings), and how each component is wired into the circuit.
Block diagrams are the simplest type of drawing. As the name implies, block diagrams
represent any part, component, or system as a simple geometric shape, with each block
capable of representing a single component (such as a relay) or an entire system. The
intended use of the drawing dictates the level of detail provided by each block. This
chapter will review the basic symbols and conventions used in both types of drawings.
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Electronic Schematic Drawing Symbology

Of all the different types of electronic drawings, electronic schematics provide the most
detail and information about a circuit. Each electronic component in a given circuit will
be depicted and in most cases its rating or other applicable component information will
be provided. This type of drawing provides the level of information needed to
troubleshoot electronic circuits.

Electronic schematics are the most difficult type of drawing to read, because they
require a very high level of knowledge as to how each of the electronic components
affects, or is affected by, an electrical current. This chapter reviews only the symbols
commonly used in depicting the many components in electronic systems. Once
mastered, this knowledge should enable the reader to obtain a functional understanding
of most electronic prints and schematics.

Figure 1 and Figure 2 illustrate the most common electronic symbols used on electronic
schematics.
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Examples of Electronic Schematic Diagrams

Electronic schematics use symbols for each component found in an electrical circuit, no
matter how small. The schematics do not show placement or scale, merely function and
flow. From this, the actual workings of a piece of electronic equipment can be
determined. Figure 3 is an example of an electronic schematic diagram.

Figure 3 Example of an Electronic Schematic Diagram

A second type of electronic schematic diagram, the pictorial layout diagram, is actually
not so much an electronic schematic as a pictorial of how the electronic circuit actually
looks. These drawings show the actual layout of the components on the circuit board.
This provides a two-dimensional drawing, usually looking down from the top, detailing
the components in their location. Shown in Figure 4 is the schematic for a circuit and the
same circuit drawn in pictorial or layout format for comparison. Normally the pictorial
layout would be accompanied by a parts list.
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Reading Electronic Prints, Diagrams and Schematics

To properly read prints and schematics, the reader must identify the condition of the
components shown and also follow the events that occur as the circuit functions. As
with electrical systems, the relays and contacts shown are always in the de-energized
condition. Modern electronic systems usually contain few, if any, relays or contacts, so
these will normally play a minor role.

Electronic schematics are more difficult to read than electrical schematics, especially
when solid state devices are used (The Electronic Science Fundamental Handbook
discusses electrical schematics in detail). Knowledge of the workings of these devices is
necessary to determine current flow. In this section, only the basics will be covered to
assist in reading skills.

The first observation in dealing with a detailed electronic schematic is the source and
polarity of power. Generally, power will be shown one of two ways, either as an input
transformer, or as a numerical value. When power is supplied by a transformer, polarity
marks will aid in determining current flow. In this convention, dots on the primary and
secondary indicate current flow into the primary and out of the secondary at a given
instant of time. In Figure 5, the current is into the top of the primary and out of the
bottom of the secondary.

CURREMNT

PRIMARY SECONDARY

Figure 5 Transformer Polarity Markings

Generally, the electrical power source is indicated at the point where it enters a
particular schematic. These values are stated numerically with polarity assigned (+15
volts, -15 volts). These markings are usually at the top and bottom of schematics, but
not always. In the example shown in Figure 6, power is shown at both the top and
bottom in a circuit using two power sources. Unless specified as an Alternating Current
(AC) power source, the voltages can normally be assumed to be Direct Current (DC).
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Figure 6 Schematic Showing Power
Supply Connections

In any circuit, a ground must be established to create a complete current path. Ground
is usually depicted by the use of the ground symbol that was shown previously. The
direction of current flow can be determined by observing the polarity of the power
supplies. When polarities are shown, current flow can be established and ground may
not always be shown.

With the power sources located and the ground point established, operation of the
devices can be determined.

The most common semiconductor devices are the transistor and the diode. They are
made from materials like silicone and germanium, and have electrical properties
intermediate between conductors and insulators. The semiconductor will be one of two
varieties, the PNP or NPN. The designation indicates the direction the electrons move
through the device. The direction of the arrow indicates type, as shown in Figure 2.
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There are, however, many different ways to install a transistor to achieve different
operational characteristics. These are too numerous to cover here, so only the most
common and basic configuration (the common emitter) will be shown.

Even though transistors contain multiple junctions of p- or n-type material, current flow
is generally in the same direction. Using conventional current flow (i.e. from + to -),
current will travel through the transistor from most positive to least positive and in the
direction of the arrow on the emitter. In Figure 7, the transistor has a positive power
supply with ground on the emitter. If the input is also positive, the transistor will conduct.

INPUT
BASE ™
JUNCTION \

Figure 7 NPN Transistor-Conducting

If the input goes negative, as in Figure 8, the conduction of the device stops because
the input, or in this case the base junction, controls the transistor condition. Notice that
when current flows, it does so in the direction of the arrow.

+ POWER
INPUT_ NO CURRENT FLOW
BASE
JUNCTION
EMITTER

Figure 8 NPN Transistor-Nonconducting

10
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Figure 9 uses a PNP transistor. The same rules apply as above except that this time
polarities of power must change to allow current flow.

| - POWER — POWER
|
|
I
/J
- +
NpUT — ] 7 - CURRENT FLOW INPUT NO CURRENT FLOW
BASE N BASE
JUNCTION ) JUNCTION
!
| EMITTER EMITTER
A. CONDUCTING B. NONCONDUCTING

Figure 9 PNP Transistor

The same rules that apply to transistors hold true with diodes. However, diodes are
simpler than transistors because they have only one junction and conduct in only one
direction, as indicated in Figure 10. The diode symbol, like the transistor symbol, shows
the direction of conduction by the direction of the arrow, which is from positive to
negative.

CURRENT FLOW NO CURRENT FLOW
-

+ > ‘ - - ’ ‘ +
A. CONDUCTING B. NONCONDUCTING

Figure 10 Diode

Although these simple rules will not allow you to read all electronic schematics, they will
aid in understanding some of the basic concepts.

An item that may cause confusion when reading electronic prints or schematics is the
markings used to show bistable operation. In most cases, bistables will be indicated by
a box or circle, as shown in Figure 11 (A). The lines in or around these bistables not
only mark them as bistables, but also indicate how they function.

11
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A. BASIC BISTABLE SYMBOLS
BISTABLE: @ OR I

B. CONVENTIONS DENOTING BISTABLE STATUS

TRIPS ON DECREASING SIGNAL: —I_

TRIPS ON INCREASING SIGNAL: |

TRIPS ON DECREASING SIGNAL AT ONE
SETPOINT AND RESETS ON AN INCREASING OR _B_
SIGNAL AT ANOTHER SETPOINT:

TRIPS ON AN INCREASING SIGNAL AT ONE
SETPOINT AND RESETS ON S DECREASING | | OR _ﬂ_
SIGNAL AT ANOTHER SETPOINT:

Figure 11 Bistable Symbols

Figure 11 (B) shows the various conventions used to indicate bistable operation.
Commonly, one circuit will interface with other circuits, which requires a method that
allows the reader to follow one wire or signal path from the first drawing to the second.
This may be done in many ways, but generally the line or conductor to be continued will
end at a terminal board. This board will be labeled and numbered with the continuation
drawing indicated (a separate drawing may exist for each line). With the next drawing in
hand, only the terminal board that matches the previous number needs to be found to
continue. In cases where terminal boards are not used, the conductor should end with a
number (usually a single digit) and also the next drawing number. To assist in locating
the continuation, coordinates are provided on some drawings that indicate the location
of the continuation on the second drawing. The continuation point on the second
drawing will also reference back to the first drawing and the coordinates of the
continuation.

12
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Block Drawing Symboloqgy

Not all electronics prints are drawn to the level of detail depicting the individual resistors
and capacitors, nor is this level of information always necessary. These simpler
drawings are called block diagrams. Block diagrams provide a means of representing
any type of electronic circuit or system in a simple graphic format. Block diagrams are
designed to present flow or functional information about the circuit or system, not
detailed component data. The symbols shown in Figure 12 are used in block diagrams.

.-'/”.-
COMPONENT [ COMPONENT |
BASIC BLOCKE DESCRIPTION OR | DESCRIPTION I
AN S
e
BLOCK SYMBOL ARROWS INDICATE
COMMONLY USED DIRECTION OF SIGMAL — g
TC REPRESENT FLOW
AN AMPLIFIER

Figure 12 Example Blocks

When block diagrams are used, the basic blocks shown above (Figure 12) can be used
for almost anything. Whatever the block represents will be written inside. Note that block
diagrams are presented in this chapter with electronic schematics because block
diagrams are commonly found with complex schematic diagrams to help present or
summarize their flow or functional information. The use of block diagrams is not
restricted to electronic circuits. Block diagrams are used extensively to show complex
instrument channels and other complex systems when only the flowpath of the signal is
important.

Examples of Block Diagrams

The block diagram is the most basic and easiest to understand of all the types of
engineering prints. It consists of simple blocks that can represent as much, or as little,
as desired. An example of a block diagram is shown in Figure 13.

This particular block diagram represents an instrumentation channel used to measure
the neutron flux, indicate the measured flux, and generate output signals for use by
other systems.

13



Engineering Symbology, Prints, & Drawings
Electronic Diagrams & Schematics

o=
a=— L

L Y

PREAMP
lea—— SETPOINT

DISCRIMINATOR

ISOL AMP
PULSE l
SHAPER

PULSE j
DRIVER i:

LOG PULSE | - ] -

INTERGRATOR

—
PULSE AMP & ==—— SETPOINT ISOL AMP -
——

LEVEL AMP

DISPLAY
GAGE

Figure 13 Example Block Diagram

Each block represents a stage in the development of a signal that is used to display on
the meter at the bottom or to send to systems outside the bounds of the drawing. Notice
that not all blocks are equal. Some represent multiple functions, while others represent
only a simple stage or single bistable circuit in a larger component. The creator of the
block diagram decides the content of each block based on the intended use of the
drawing.

Each of the type of drawing reviewed in this and previous modules is not always distinct
and separate. In many cases, two or more types of drawings will be combined into a
single print. This allows the necessary information to be presented in a clear and
concise format.

14
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Figure 14 provides a sample illustration of how the various types of drawings can be
combined. In this example, mechanical symbols are used to represent the process
system and the valves controlled by the electrical circuit; electrical single line symbols
are used to show the solenoid relays and contacts used in the system; and electronic
block symbols are used for the controllers, summers, I/P converter, and bistables.

15
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Figure 15 illustrates the use of an electronic block diagram combined with an electrical

single line diagram. This drawing represents a portion of the generator protection

circuitry of a nuclear power generating plant.
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Figure 15 Example Combination Diagram of Electrical Single Line, and Block Diagram
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Summary

The important information in this chapter is summarized below.

Electronic Diagrams, Prints, and Schematics Summary

e This chapter covered the common symbols used to represent the basic electronic
components used on electronic diagrams, prints, and schematics.

e A block diagram presents the flow or functional information about a circuit, but it
is not a detailed depiction of the circuit.

¢ An electronic schematic diagram presents the detailed information about the
circuit, each of its components, and how they are wired into the circuit.

18
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EXAMPLES

This chapter provides several exercises to reinforce the material
presented in this module.

Example 1

To assist in your understanding of reading symbols and schematics, answer the
following questions concerning the following figures. The answers to each example are
given on the page following the questions.

19
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Figure 16 Example 1
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Refer to Figure 16 to answer the following:

1. List the number which corresponds to the listed component.

NXe—  — T Q@ -~0 Q0O T

coil or inductor

PNP transistor

diode

positive power supply
fixed resistor
capacitor

NPN transistor
variable resistor
negative power supply
circuit ground
potentiometer

2. What is the value of R137? (Include units)

3. With the input to Q1 at -15 volts, will the transistor be conducting or

nonconducting? Why?

4. What is the value of C1? (Include units)

21
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Answers to questions on Figure 16

1. a10 d.7 g1 j. 11
b2 e4 h6 k5
c3 f9 i.8
2. 3.3 kilo-ohm, or 3300 ohms
3. Nonconducting, because the potential of

the base (-15 v) is not positive relative to
the emitter (-15 v).
4. 50 microfarads or 0.000050 farads

22
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Example 2

+15

INPUT
1-5vDC

» W

‘_

— 24VDC

m
<t——wW—]

Figure 17 Example 2

Refer to Figure 17 to answer the following:
a. How many resistors are there in the circuit?
b. How many transistors are there? , and are they PNP or NPN transistors?
c. Whatis CR4?
d. How many power supplies are there feeding the circuit and its components?
e. How many capacitors are in the circuit?

f. Q2 will conduct when the output of U is a positive or negative voltage?

23
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Answers to questions on Figure 17

o

e.

f.

a. Seven resistors, R1 1, R13, R14, R20, R12, R1, RL
b.

Two, both are NPN type transistors.
Diode

Two power supplies, a 1-5 VDC to the U, amplifier and 24 VDC battery in the
circuit.

One, C;

NPN transistors conduct when their base junction is positive

Summary

The important information in this chapter is summarized below.

Exercise Summary

e This chapter reviewed the material presented in this module
through practice print reading exercises.

24



