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BASIC ELECTRIC POWER
PART 1

In this presentation, there will be two sub-parts:

- Basic Electric Circuits Schematic Diagrams
- Basic Electric Power Concepts and Formulae

 Basic Electric Circuits * Basic Electric Power

Schematic Diagrams Concepts and Formulae
~ Circuit Diagrams or - Wiring
Schematics - Basic Electrical
Characteristics

- Symbols Legend « Power — Watts

- Simple Concepts in « Volts, Amps, & Ohms
Electric Power & - Electric Power Formulae —
Control Schematics Circle Diagram

Raymond Church East Coast Rally — 2015

G8rRay.com Deer Run RV Resort, Crossville, TN
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Circuit Diagram or Schematic Diagram

- Wiring Diagrams represent Electric Power/Control Circuits using Symbols, and (usually) indicate Wire
Identifiers, Device Identifiers and/or Circuit Terminal Identifiers

- Schematic Diagrams represent Electric Control Circuits' Logic using Symbols, Device Identifiers, Device
Terminal Identifiers, and, sometimes, Wire Identifiers

- BUT, NOT ALWAYS do the diagrams show all the identifiers!
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Electric Schematic Diagram Symbols Legend

- All components are represented by symbols shown in a Legend
- Sources (of Electric Energy) are omitted; so, no source symbols

+ -
—0 o0— i ¥ —ilil— —()—
_| I_ l """ | Battery or DC Galvanometer
Switch cel Battery Power Supply
Ampermeter
Variable
DC Supply
Lamp Voltmeter Ameroter _®_
Voltmeter
_|:I_ @ AC Voltage
Supply VVVV»— ]
Resistor
Rasigtor Wariable resistor Maoter
Wire I I
Capacitor
— e .
nire __ (ooeee____
Connection Inductor
Switch ' | Diode

Raymond Church East Coast Rally — 2015
G8rRay.com Deer Run RV Resort, Crossville, TN
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Electric Schematic Diagram Symbols Legend

H. COMMONLY USED ELECTRICAL SYMBOLS

SHUNT FIELD SOLENOID
SERIES FIELD OR CIRCUIT BREAKER ("'““P_ ndu'ﬂmﬁ-ﬂ ) Symbol hn—mmm- tiom Symboil
o rs cross: eater — T T T+
SERIES RESISTOR e s —|7
RHEOSTAT
Junchon of conductors thesmastor
ARMATURE —@—
SWITCH SINGLE
RECEPTACLE. W.T. Open switch 0 light-dependent resistor e,
(LDFE) _| |_
SERIES MOTOR SELSYN TRANSMITTER Closed curitch e el e
SELSYN INDICATOR Open push switch —e e diode —t—
SHUNT MOTOR
T Closed push switch — = = light emitting diode il
RANSMITTER AND ED) —

INDICATOR. W.T
COMPOUND MOTOR Cell _|._ lamp — 50—

LOUDSPEAKER OR

HORN .
MAGNETIC Battery of cells 4'._ .. |I loudspeaker i
CONTACTOR MECHANICAL
CONTACTOR Power supply —& B qded microphone
MAGNETIC o o )]
D e e
BLOW-OUT COIL RECTIFIER, Transformer slectric bell [
DRY DISK 3|E
OVERLOAD RELAY Amsmeter —— earth or ground S
RESISTANCE =

MOTOR GENERATCR
SET

o =0 [ ;-0 £ €

INDUCTANCE Milliammeter motor _@_
REACTOR Joltmeter ( :) Zenerator ( : ‘)1

Fixed resistor Oy fase/cizcuit breakes —

“ariable resistor %

Raymond Church East Coast Rally — 2015
G8rRay.com Deer Run RV Resort, Crossville, TN
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Electric Schematic Diagram Symbols Legend

SYMBOLS LEGEND
SCHEMATICS

AN/ Resistor O
Or
% ’_ o] Relay
Capacitor
Relay Contact
_' '_ N .O. (Normally Open)
o] Inductor Rela
,F y Contact
N .C. (Normally Closed)
:“_— Battery g Toggle Switch, Manual Operator
( ON, Closed)
N . .
—  — Circuit Breaker o\) Toggle Switch, Manual Operator
o0 ( OFF, Open)
or — Conductor (Wire, Bus [Bus bar])
[] Fuse “ .
Transformer, Air Core
—X_— Thermal Element ( Two Winding)
(2 . .
Or " Xt
Transformer, Magnetic Core
@ Lamp }HE ( Two Winding)
@ Motor " g
i Ground
Raymond Church East Coast Rally — 2015

G8rRay.com Deer Run RV Resort, Crossville, TN
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

Fuse 12Vde Chassls 12vde lél::::l:
R BTlT- ” o y
Sround > 12vde -
(Chasasls)
Control Switch
Contral Switch e_enargired Toggle-Type
Toggle-Type - (OFF, OPEN)
(OFF, OPEN) m — ,®
L~ — () Je-energized LOAD
Je-energized LOAD {Lamp, aka Light)
(Lamp, aka Light) TYPICAL
TYPICAL ELECTRIC POWER/CONTROL
ELECTRIC POWER/CONTROL SCHEMATIC DIAGRAM
WIRING DIAGRAM (aka, LADDER DIAGRAM)
Raymond Church East Coast Rally — 2015 8

G8rRay.com Deer Run RV Resort, Crossville, TN
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

’

+12Vdc
[Fused)

TRUCK

Chassis
{Ground,
“A12VWdc)

Control Switch
Toggle-Type

(OFF, OPEN) o_energize:

oz oren _ & ex

nergized LDAD

Lamp, aka Light
Control Switch { P ght)

Toggle-Type
(ON, CLOSED) ergizes

Raymond Church
G8rRay.com

2 3
) —)
nerelizeq

LOAD
{Lamp, aka Light)

SCHEMATIC DIAGRAM
ON / OFF Switch Logic

East Coast Rally — 2015
Deer Run RV Resort, Crossville, TN
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

* Note that the Current due to the Load flows through the Wiring and through the
Switch

» The Current flowing through the Wiring produces Heat; that heat may be acceptable
for currents of less than 5A (five amps), but not acceptable for high power loads.

* Also, most switches are rated for 10A, 15A, or 20A at 12Vdc.

» S0, for high power loads, we use Relays (also called Contactors); some folks refer
to the high power relay as “Solenoids” due to the fact that the operating coil of a
rely/contactor is the same design as for the coil in a solenoid valve (used in fluid
piping systems).

 Also, relays allow logic to be incorporated in the circuit.

Raymond Church East Coast Rally — 2015 10
G8rRay.com Deer Run RV Resort, Crossville, TN
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

—_—

Bosch Relay

Raymond Church East Coast Rally — 2015
G8rRay.com Deer Run RV Resort, Crossville, TN
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

Raymond Church East Coast Rally — 2015 12
G8rRay.com Deer Run RV Resort, Crossville, TN
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

Bosch Type Relay

30 = Contact Armature

85 = Coil Ground

86 = Coil Positive

87 = Contact Normally Open

87 86 Q@ + 87
87
87a = Contact Normally Closed

66 87 85| m——ﬁi R,
|30 850 +030 Bosch Type Relay On/Off Circuit

HIGH CURRENT OUTPUT.

@®

L

#
|\'|

%, 30 '

s T
a7 ,L
Positive (¥) /E_, 87a =) Ground
SWITCH 86 85
_I

East Coast Rally — 2015 13
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

r TRUCK L TRUCK Chassis
+12Vdc {Ground, ::::E:'; (Ground,
(Futed Control Switch “12Vde) Control Switch -12%de)

Toggle-Type Toggle-Type

(OFF, OPEN) d (ON, CLOSED)

2 3“-—.*___.-c3 85 — =1 2 — _‘:3 85 —

De-energized Control Relay Control Relay
LB1 LB1
LOAD LOAD

Raymond Church
G8rRay.com

(Lamp, aka Light)

SCHEMATIC DIAGRAMS
1-RELAY LOGIC
N.O. (Normally Open) Logic

East Coast Rally — 2015
Deer Run RV Resort, Crossville, TN

(Lamp, aka Light)
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

|( TRUCK Gha;gis Ir THUCH Chaggls
+12Vdc {Ground, +12Vdc {Ground,
(Fused) Control Switch A2yde)  (Fused) Control Switch “13¥do)
Toggle-Type Toggle-Type
(OFF, OPEN) Je-enaraizec {ON, CLOSED) nersized
B 86 3 3 B .—| BE
LT L
Control Relay Control Relay
LB1 LB1
LOAD LOAD
{Lamp, aka Light) {Lamp, aka Light)
SCHEMATIC DIAGRAMS
1-RELAY LOGIC
N.C. (Normally Closed) Logic
Raymond Church East Coast Rally — 2015 15

G8rRay.com Deer Run RV Resort, Crossville, TN
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All Relays are 30 amp autormobive type - 5.P.0.T
Bosch or Equivalent

FLASHER
# L F
124l Rear Right StopiTurm
Rear Left Stop{Turn (Fused) _ Element: {bulb)
Element (bulb) Indicator Bulb
(&round

SE

Vit

/ R=R2

&
LEFT ‘ ) RIGHT
Stop Light Switch
{at master cylinder) 12Vl
(Fused)
Turn Signal Switch
DIM 8/10/2002 Relay conversion from 2 element Stop Turm to 1 element,
Raymond Church East Coast Rally — 2015

G8rRay.com Deer Run RV Resort, Crossville, TN
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"TRAILER Core

I'Flcl sh Left
Turn

Right Brake TRUCHK

Turn

ES BB
1

h| Turm
Chassis &
(Ground) Brake

LI
Control Relay
L1

BS ——— BG

| IS
Control Relay
R1

ES =15

| |
Control Relay
L2

BS BB

I
Control Relay
R2

27a B7a /I/{/
Control I Contral I |
Relay Reelany

L1 Lz
a7 |« 30 BT || 30

Relay Relay
R1 I A2
BT |+ Ele] BT |+ | an

Right
Turmn

Braka

SCHEMATIC DIAGRAM
4-RELAY LOGIC
TAIL LIGHT CONVERTER

East Coast Rally — 2015
Deer Run RV Resort, Crossville

, TN
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SIMPLE CONCEPTS IN ELECTRIC POWER
AND CONTROL SCHEMATICS

ANY

QUESTIONS
2

Raymond Church East Coast Rally — 2015
G8rRay.com Deer Run RV Resort, Crossville, TN
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BASIC ELECTRIC POWER CONCEPTS AND

FORMULAE

 Electrical WIRING

- Conductors (Wires)
- Conductor Sizes
- Conductor Ampacity

Raymond Church East Coast Rally — 2015
G8rRay.com Deer Run RV Resort, Crossville, TN
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

 Electrical WIRING

- Conductors (Wires)

* Material — Copper or Aluminum (USE COPPER, ONLY!)
« Solid or Stranded

« Bare Conductors or Insulated Conductors

« Weight

 Cost

 Environment

Raymond Church East Coast Rally — 2015 20
G8rRay.com Deer Run RV Resort, Crossville, TN
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BASIC ELECTRIC POWER CONCEPTS AND

FORMULAE

 Electrical WIRING

— Conductors (Wires)

* |nsulated Conductors —

- Voltage (300V, 600V, more than 600V)

- Temperature Rating (60°C, 75°C, 90°C, etc.)

- Insulation Types
* Thermoplastic (THW, THWN, THHN, MTW, etc.)
* Thermoset (XHHW, etc.)
* Rubber (RHW, RHHW, etc.)
» Specialty

* Environment
— Dry Locations or Wet/Damp Locations
- Ambient Temperature

Raymond Church East Coast Rally — 2015

G8rRay.com Deer Run RV Resort, Crossville, TN
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

» Electrical WIRING
— Conductors (Wires)

« A conductor is a wire suitable for carrying an electric current. A conductor,
usually, consists of a conductive metal part (a wire) and a non-conductive

insulation part. Strictly speaking, a wire refers to the metal part; but, wire, in
general usage, will refer to the whole conductor.

 Insulation type is associated with Temperature Rating

- Temperature Ratings: 60°C, 75°C, 90°C, etc.

- Temperature Ratings are the Temperature Rise over 30°C Ambient Temperature (86°F)
« Ampacity (Per 2014 NEC, Article 100 Definitions)

- The maximum current, in amperes, that a conductor can carry continuously under the
conditions of use without exceeding its temperature rating.

Raymond Church East Coast Rally — 2015 22
G8rRay.com Deer Run RV Resort, Crossville, TN
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

 Electrical WIRING

— Conductor Sizes (in The USA)

« To compare the resistance and size of one conductor with that of another,
we need to establish a standard or unit size.
- A convenient unit of measurement of the diameter of a conductor is the mil (0.001,
or one-thousandth of an inch).
— A convenient unit of conductor length is the foot.
- The standard unit of size in most cases is the MIL-FOOT. A wire will have a unit
size if it has a diameter of 1 mil and a length of 1 foot.
 To carry the same current, the cross-sectional area of a round
conductor must be equal to the cross-sectional are of a rectangular
(or, a square) conductor.

Raymond Church East Coast Rally — 2015 23
G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

* Electrical WIRING
- Conductor Sizes (in The USA) - %
« SQUARE MIL Z
s

NN
N\

- The square mil is a unit of ROUND
- SQUARE
measurement used to determine the A (C)
cross-sectional area of a square or (A)
rectangular conductor (views A and
B of figure 1-1). A re mil i
o' Tgure ). Asquare S RECTANGULAR

defined as the area of a square,
the sides of which are each 1 mil. (B)

- To obtain the cross-sectional area of  Figure 1-1. —Cross-sectional areas of conductors.
a square, or rectangular conductor,
multiply the length times the width of
the end face of the conductor (side is
expressed in mils).

Raymond Church East Coast Rally — 2015 24
G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

* Electrical WIRING
— Conductor Sizes (in The USA)

7
« CIRCULAR MILS %
]

- The circular mil (CM) is the standard
unit of measurement of a round wire SQUARE ROUND
cross-sectional area (view C of figure (A) (C)
1-1). This unit of measurement is found
in American and English wire tables.

- The diameter of a round conductor RECTANGULAR
(wire) used to conduct electricity may (B)
be only a fraction of an inch. Therefore, _ _
it is convenient to express this diameter Figure 1-1 —Cross-sectional areas of conductors.
in mils to avoid using decimals.

- For example, the diameter of a wire is
expressed as 25 mils instead of 0.025
inch

Raymond Church East Coast Rally — 2015 25
G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

 Electrical WIRING

- Conductor Sizes (in The USA)

 CIRCULAR MILS

- A circular mil is the area of a circle
having a diameter of 1 mil, as

|-l— 1 MIL —lrl

shown in view B of figure 1-2. SOURRE WL CIRCULAR Ml
- The area, in circular mils of a round (A) (B)
conductor, is obtained by squaring 3
the diameter, measured in mils. N
- - - L w
- Comparing square mils to circular 1 MIL SQUARE AND
mils as in view C, it can be seen that L’H'*i‘gr ML
a circular mil represents a smaller
unit of area than the square mil. y
Iﬂ— 1 MIL —l-l

Figure 1-2 —A comparnson of circular and square mils.

Raymond Church East Coast Rally — 2015 26
G8rRay.com Deer Run RV Resort, Crossville, TN
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

 Electrical WIRING

le— 1 ML —a] le— 1_MIL —>|
~ Conductor Sizes (in The USA) [ |
- STRANDED WIRE i
- A wire is a single slender rod or o M _
filament of drawn metal. This definition ~ **3)"" ey "
restricts the term to what would
ordinarily be understood as "solid T - \
wire." The word "slender" is used i MiL SQUARE AND
because the length of a wire is usually e
large when compared to its diameter. _L
- If a wire is covered with insulation, it is le— 1 . —|
an insulated wire. Although the term Figure 1-2 —A comparison of circular and square mils.
"wire" properly refers to the metal, it
also includes the insulation.
Raymond Church East Coast Rally — 2015 27

G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

 Electrical WIRING

— Conductor Sizes (in The USA)
- STRANDED WIRE

- In large sizes, single, solid-conductor wire
becomes difficult to handle. To increase its
flexibility, it is stranded.

- Strands are usually single, solid-conductor wires
twisted together in sufficient numbers to make up
the necessary cross-sectional area of the cable.

- A stranded conductor is a conductor composed of
a group of wires or of any combination of groups
of wires. The wires in a stranded conductor are
usually twisted together and not insulated from
each other.

- The total area of stranded wire in circular mils is
determined by multiplying the area in circular mils
of one strand by the number of strands in the
conductor (or, cable).

Raymond Church
G8rRay.com

|-1—1 MIL—.-! fa— 1 MIL —p=|
I ]
T I ]
| 1
1 MIL
SQUARE MIL CIRCULAR MiIL
(A) (B)

[ 1A \

1 MIL SQUARE AND
CIRCULAR MIL

.L {C}

le— 1 ML —»]

Figure 1-2 —A comparison of circular and square mils.

East Coast Rally — 2015 28
Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

 Electrical WIRING

— Conductor Sizes (in The USA)
- STRANDED WIRE

Raymond Church

G8rRay.com

- A cable is either a stranded conductor

(single-conductor cable) or a combination
of conductors insulated from one another
(multiple-conductor cable). The term
"cable" is a general one and usually
applies only to the larger sizes of
conductors. A small cable is more often
called a stranded wire or cord (such as
that used for a Kuerig® or a lamp cord).
Cables may be bare or insulated; and,
where multiple conductors form the cable
will have an overall jacket.

WIRE

SINGLE SOLID cONDUCTOR  SINGLE CONDUCTOR

CABLE

.

Uemm .=
S

STRANDED CONDUCTOR
SOLID CONDUCTOR

MULTI-CONDUCTOR CABLE

Figure 1-5.—Conductors.

East Coast Rally — 2015

Deer Run RV Resort, Crossville, TN
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BASIC ELECTRIC POWER
PART 1
BASIC ELECTRIC POWER CONCEPTS AND

FORMULAE

 Electrical WIRING

— Conductor Sizes (in The USA)

« STRANDED WIRE (Welding
Cable)

- Because of their greater flexibility,
welding cable may be used for
permanent installations where
adequately supported in conduit or
cable tray; but, only for sizes 1/0 and
larger.

- The table at the right is a typical
specification table for a welding cable.
[General Cable Company]

Raymond Church
G8rRay.com

CAROLPRENE® 105°C WELDING CABLE - 600 VOLT - 30 AWG STRANDING

East Coast Rally — 2015
Deer Run RV Resort, Crossville, TN

CATALOG |  AWG | NOMINAL . m& S0,
NUMBER SIZE STRAND | INCHES mm LBS/M® | CTN,
01758 6 259130 | 0430 R | 1 1000
01757 4 4830 | 0475 1207 215 1000
01756 2 646/30 | 0540 1372 296 1000
01755 1 836/30 | 0580 W13 | 30 1000'
01754 100 103230 | 0615 16,62 424 1000
01753 20 120030 | 0655 16.64 513 1000
01752 30 167230 | 0720 18.29 644 1000
01781 | 40 | 2066430 [ om0 19.81 824 1000'
* Non-stock ftam; minimum quantity requirad
® Actual shipping welght may vary,
30




BASIC ELECTRIC POWER
PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE
* Electrical WIRING

~ Conductor Sizes (in The USA) |471 FCICIT—P‘
. CIRCULAR MIL - FOOT

- A circular-mil-foot (figure 1-3) is a unit of j
volume. It is a unit conductor 1 foot in length 0.001"
and has a cross-sectional area of 1 circular :

mil. !

- Because it is a unit conductor, the circular-

mil-foot is useful in making comparisons

between wires consisting of different metals. F|gU|’E 13—G|[I:U|ﬁ[-m|{-f[![!t

* For example, a basis of comparison of
the RESISTIVITY (to be discussed
shortly) of various substances may be
made by determining the resistance of a
circular-mil-foot of each of the
substances.

Raymond Church East Coast Rally — 2015 31
G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

 Electrical WIRING

— Conductor Sizes (in The USA)
« CIRCULAR MIL - FOOT

Raymond Church

G8rRay.com

In working with square or rectangular
conductors, such as ammeter shunts and bus
bars, you may sometimes find it more
convenient to use a different unit volume.

A bus bar is a heavy copper strap or bar used
to connect several circuits together. Bus bars
are used when a large current capacity is
required. Unit volume may be measured as
the centimeter cube. Specific resistance,
therefore, becomes the resistance offered by
a cube-shaped conductor 1 centimeter in
length and 1 square centimeter in cross-
sectional area. The unit of volume to be used
Is given in tables of specific resistances.

=y

4
0.001"

Figure 1-3—Circular-mil-foot

East Coast Rally — 2015

Deer Run RV Resort, Crossville, TN
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BASIC ELECTRIC POWER
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BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

 Electrical WIRING

- Conductor Sizes (in The USA) |471 FGGT—P‘
+ SPECIFIC RESISTANCE OR

RESISTIVITY &
- Specific resistance, or resistivity, is the 0.001"
resistance in ohms offered by a unit !
volume (the circular-mil- foot or the

centimeter cube) of a substance to the
flow of electric current.

- Resistivity is the reciprocal of conductivity.
A substance that has a high resistivity will
have a low conductivity, and vice versa.

- Thus, the resistivity of a substance is the
resistance of a unit volume of that
substance.

Figure 1-3—Circular-mil-foot

Raymond Church East Coast Rally — 2015 33
G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

Table 1-1.—Specific Resistances of Common Substances

 Electrical WIRING

- Conductor Sizes (in The USA)

* SPECIFIC RESISTANCE OR
RESISTIVITY

- Many tables of specific resistance are
based on the resistance in ohms of a
volume of a substance 1 foot in length and
1 circular mil in cross-sectional area.

- The temperature at which the resistance
measurement is made is also specified
(usually, 20°C). If you know the kind of
metal a conductor is made of, you can
obtain the specific resistance of the metal
from a table.

- The specific resistances of some common
substances are given in table 1-1.

Raymond Church
G8rRay.com

Substance Specific resistance at 20°C.
Centimeter cube | Circular-mil-foot
(microhoms) (ohms)

Silver 1.629 0.8
Copper ( drawn) 1.74 1037
Gold 24 14,7
Alummum 2828 17.02
Carbon ( amorphous) SRRl e
Tungsten 551 332
Brass 1.0 421
Steel (soft) 139 05.8
Nichrome 109.0 6600

East Coast Rally — 2015
Deer Run RV Resort, Crossville, TN
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 Electrical WIRING

— Conductor Sizes (in The USA)

 SPECIFIC RESISTANCE OR
RESISTIVITY

- The resistance of a conductor of a uniform
cross section varies directly as the product
of the length and the specific resistance of
the conductor, and inversely as the cross-
sectional area of the conductor.

- Therefore, you can calculate the resistance
of a conductor if you know the length,
cross-sectional area, and specific
resistance of the substance. Expressed as
an equation, the "R" (resistance in ohms)
of a conductor is

Raymond Church
G8rRay.com

Table 1-1.—Specific Resistances of Common Substances

Substance Specific resistance at 20°C.
Centimeter cube | Circular-mil-foot
(microhoms) (ohms)

Silver 1.629 0.8
Copper ( drawn) 1.74 1037
Gold 24 14,7
Alummum 2828 17.02
Carbon ( amorphous) SRRl e
Tungsten 551 332
Brass 1.0 421
Steel (soft) 139 05.8
Nichrome 109.0 6600

East Coast Rally — 2015
Deer Run RV Resort, Crossville, TN
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Table 1-1.—Specific Resistances of Common Substances

 Electrical WIRING

— Conductor Sizes (in The USA) Substance Specific resistance at 2°C.
(Centime ¢ | Circolar-milfoo
» SPECIFIC RESISTANCE OR g g
RESISTIVITY Silver 1.629 98
- Expressed as an equation, the "R" Copper ( drawn) 1.74 1037
(resistance in ohms) of a conductor is Gold "4 147
R= 0 l ILIA ‘J Aluminum 288 1702
' : Carbon ( amorphous) SRRl e
- Where: Tungsten 531 332
- p = (Greek rho) the specific resistance in Brass 1.0 41l
ohms per circular-mil-foot (from table 1-1) Steel (soft) 15.9 93.8
- A = the cross-sectional area in circular
mils
Raymond Church East Coast Rally — 2015 36
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 Electrical WIRING

— Conductor Sizes (in The USA)
- WIRE SIZES

- The most common method for measuring wire size in the USA (North America) is by using the
American Wire Gauge (AWG).

- Wire is manufactured in sizes numbered according to the standardized AWG tables.

* In wire tables, the wire diameters become smaller as the gauge numbers become larger.

* Numbers are rounded off for convenience but are accurate for practical application.

* The largest wire size shown in the table is 0000 (read "4 naught"), and the smallest is number 40.

» Larger and smaller sizes are manufactured, but are not commonly used for our applications.

* AWG tables show the diameter in mils, circular mil area, and area in square inches of AWG wire
sizes. They also show the resistance (ohms) per thousand feet and per mile of wire sizes at
specific temperatures (usually, 25°C). The last column shows the weight of the wire per thousand
feet.

* An AWG table for copper wire is shown at table 1-2; and, similar information (with revised data) is
shown in Table 8, 2014 National Electrical Code® (NEC®).
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Table 1-2—Standard Solid Copper (American Wire Gauge)

PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

East Coast Rally — 2015
Deer Run RV Resort, Crossville, TN

Gage | Dumeter (ross Section Ohms per 1,000 f Ohmsper | Pounds per
mumber | (muls) ) o ) mile 25°C. 1,000 11,
Circular mils | Square mches | 25°C. " 1Y
. K,
11F. 147F.
0000 4600 212,000,0 0166 0.0500 0.0577 0.264 641.0
D00 410.0 168,000.0 132 0630 0727 a3 S08.0
00 165.0 133,000.0 108 0795 17 420 410
0 3250 106,000.0 0829 100 16 528 319.0
I 289.0 83,700.0 0657 126 146 665 253.0
2 258.0 66,400.0 0521 159 184 8% 201.0
3 229.0 52.600.0 0413 201 22 1.061 159.0
4 2040 41,7000 0328 253 292 1.335 126.0
h1 182.0 33,1000 D260 319 ] | 685 1000
“ 162.0 26,300.0 0206 A03 A6S 2.13 795
7 144.0 20,800.0 0164 508 586 168 630
B 128.0 16,5000 0130 6al 139 338 SO0
9 1140 13,1000 0103 BOE a3 417 196
10 102.0 10,4000 JD0OR1S 1.02 1.18 5.38 il4
1 91.0 8,230.0 00647 1.28 1.48 6.75 249
12 81.0 6,530.0 00513 1.62 1.87 8.55 198
13 2.0 5, 180.0 00407 104 236 10.77 157
14 64.0 4,110.0 00323 2,58 2.97 13.62 124
15 57.0 3,260.0 00256 3.25% 3.75 17.16 986
16 51.0 2. 580.0 0203 4.09 473 21.6 182
17 45,0 2,050.0 00161 5.16 5.96 27.2 620
18 0,0 1,620.0 00128 6.51 7.51 34.4 192
19 36.0 1,290.0 00101 £ 21 948 433 190
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PART 1
BASIC ELECTRIC POWER CONCEPTS AND

FORMULAE

Table 1-2—Standard Solid Copper (American Wire Gauge)

Guge | Diameter (ross Section Ohms per 1,000 ft Ohms per | Pounds per
mmber | (muls) , T B , mile 5°C.= | 100011
Circular mils | Square mches | 29°C, (. . e
i e,
17T, 149F.
20 20 1,020.0 LO00B02 10.4 11.9 54.9 3.09
21 28.5 8100 000636 13.1 15.1 69.1 245
22 253 2.0 000505 16.5 19.0 87.1 1.94
23 2.6 509.0 000400 20.8 24.0 109.8 1,54
24 20.1 404.0 000317 26.2 30.2 138.3 1.22
25 17.9 320.0 000252 13.0 38.1 174.1 0970
26 15.9 2540 0002080 41.6 4K.0 220.0 0.769
27 142 202.0 LD00158 525 606 277.0 0610
28 12. 160.0 126 66.2 THh4 150.0 0484
29 13 127.0 L0009 5 B34 96 440.0 0384
30 10,0 101.0 JODOTES 1050 121.0 554.0 0304
3l B9 797 L0062 6 1330 1530 702.0 0241
32 8.0 63.2 0000496 167.0 193.0 882.0 0.191
33 7.1 50.1 NS4 2110 2430 11140 0152
34 6.3 39 8 0000312 2660 307.0 14040 0.120
15 5.6 313 0000248 3350 3187.0 1,769.0 0.0954
36 5.0 25.0 0000196 4230 4880 2,230.0 00757
37 45 19.8 0000 56 5330 6160 2 B10.0 0600
iR 40 15.7 i 23 6730 176.0 31.550.0 00476
39 35 125 0000098 8480 979.0 4,480.0 0.0377
40 3.1 99 0000078 1,070.0 1230.0 5.650.0 0.0299

Deer Run RV Resort, Crossville, TN

East Coast Rally — 2015

39



BASIC ELECTRIC POWER
PART 1
BASIC ELECTRIC POWER CONCEPTS AND

TABLE 8 Conductor Properties

FORMULAE

el ionrs

INrect-ALUarrvnt Resholnmes ot TSC (L67°F)

N‘I‘rarh*irl_', Uheerall L e
- ¥ law Tt Arva L ncoasieal Camsbel Aburminmm
AW
anr Circwmlanr wdvy! o o oy’ welmmd oy T
Bocnmwill 0 s mril= 0 e iy man in mm i B n ks kT ks | km kET
s KX ([ Iz AL ] GEXS 04k 4.3 ] 2h 5 HE 24 124
| = 1B L] AL U (s I.Im h=n L1 5] LR A 25, 0 rs X7, ¢ R4S J2 K 13
& SHl ] U] 1.1 (9] [V E8 Rl a1 | L N O S 2n. 4 s
& L1 5[ Nag kG )<t ISR o [TEL L . & Dy T.% L RN ] =,
|4 I.as AT L1 [IELLE al LE) ] 119 It 5.1
14 Dl U (e LAS AN EA] L% IECIE] AN L 107 K B 169 317
12 205 R | 1.3 0. {0E 5% > 657 20 45 1.8
12 LN DG 32 | IR 54 i B3 1% (DR 125
(] | il SER [IEE .. Vamd I $. ) 1. 26 Sh r ||
Lis 1A (R (LA 205 [IEN Y | biran ] 4.2 1.2% &.67TY 2.8
|, &S 14 1. 26= (1] e T .50 [] 1.579 i THG A 128 1,76
% ind b ' 1.25 U D y [IEF] B, 155 LTFA 2453 s Hi4 2%
B 15 30 22l | 1.56 A 0] 4, WANGES LI -] | LT | ] |
4 2 41 T} (L i D [HESE b N, Nt 032
L] S 2620 B | K7 il [[EE.% [ X5 M5 0244
2 ol 2 7 3 47 ey T2 [IEF £% LN | A | 2
| ] k) | _6& L L K | 33 X0 LR ¥, THEE] 152 (U
170 53 1 (S0 9 L 074 5 2 0108 L e 0415 0327
240 &7 Al | . L] 213 1 ik kb2 LR} R |1 L N 0.3 (| 5 ML
30 %0 TR L] 134 T (154 1.9 v L nirs N {1,265 10 i £13 o2
40 Wiv.z =1 HEK) 9 2 il L N | (h 82N 41.1 K.21% {, 1o LLEL S (1, X150 LR o | 8 (3, PN

Raymond Church
G8rRay.com

East Coast Rally — 2015
Deer Run RV Resort, Crossville, TN

40



BASIC ELECTRIC POWER
PART 1

BASIC ELECTRIC POWER CONCEPTS AND
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* Electrical WIRING

— Conductor Sizes (in The USA)

* Environmental Considerations

- Dry Locations vs Wet Locations (per 2014 NEC®)

* Dry location: A location not normally subject to dampness or wetness. A location
classified as dry may be temporarily subject to dampness or wetness, as in the case of a
building under construction.

« Damp location: Locations protected from weather and not subject to saturation with
water or other liquids but subject to moderate degrees of moisture. For example, partially
protected locations under canopies, marquees, roofed open porches, and like locations,
and interior locations subject to moderate degrees of moisture, such as some basements,
some barns, and some cold-storage warehouses.

» Wet location: Installations underground or in concrete slabs or masonry in direct contact
with the earth; in locations subject to saturation with water or other liquids, such as
vehicle washing areas; and in unprotected locations exposed to weather.

Raymond Church East Coast Rally — 2015 41
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 Electrical WIRING

— Conductor Sizes (in The USA)
« Environmental Considerations

- Temperature

» The location of a wire in a circuit determines the temperature under which it operates.
A wire may be located in a conduit, bundled with other wires in a cable, or routed with
other wires and cables.

» Because it is confined in such locations, the wire operates at a higher temperature than
if it were open to the free air. The higher the temperature under which a wire is
operating, the greater will be its resistance. And, its capacity to carry current is also
lowered. Note that, in each case, the resistance of a wire determines its current-

carrying capacity. The greater the resistance, the more power it dissipates in the form
of heat energy.
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 Electrical WIRING

— Conductor Sizes (in The USA)
« Environmental Considerations

- Temperature

« Conductors may also be installed in locations where the ambient (surrounding)
temperature is relatively high. When this is the case, the heat generated by external
sources is an important part of the total conductor heating.

» The temperature rating of a conductor is the maximum temperature, at any location
along its length, that the conductor can withstand over a prolonged time period
without serious degradation.

* The current rating of a cable or wire indicates the Ampacity (current capacity) that the
wire or cable can safely carry continuously. If this limit, or current rating, is exceeded
for a length of time, the heat generated may burn, or melt, the insulation. The current
rating of a wire is used to determine what size is needed for a given load.
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e Electrical Characteristics
- Power (Watts)
- Voltage (Volts)

— Current (Amps or Amperes)
- Resistance (Ohms)

Raymond Church East Coast Rally — 2015 44
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 Electrical Characteristics

» Circuit Diagrams . ~CDrweaine
- Sources (Batteries, etc.) —*—| °°°°°°°°° -
— ?98|Stan CeS _'_ CONNECTED M\EOT\EP;‘R#%EE ,
L
_ _OadS m RHE AT
—||— LL —"o— SW
- DEViceS —i|— BarmEry —@- VOLTME TER
i~ (&) ammeTeR
Raymond Church East Coast Rally — 2015Figure e 45

G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER

PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

FLASHLIGHT

51
o~ Cr
DRYarELE L ¢ R
T ®
{A) DEENERGIZED
51
T
]
BRAT _— E

g

"(]
)

(B) ENERGIZED

Figure 1-7 — Basic Light Circuit

Raymond Church
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__4\_o— FUSE
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Figure 1-6—5ymbols commonly used in electricity.
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Contro.I.S;ui:[e;\. o Contro-I.SI\;\.ri‘tr;H- |
Toggle-Type ' R1 Toggle-Type a1

*}\"-&.{ 4 ‘V\f\; 3--‘-‘-'-"": VVC A

LOAD R3 LOAD

(Lamp, aka Light) (Lamp, aka Light)
BASIC LIGHT CIRCUIT BASIC LIGHT CIRCUIT
CIRCUIT WIRING DIAGRAM CIRCUIT WIRING DIAGRAM
Raymond Church East Coast Rally — 2015 47
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* OHM'S LAW

- George Simon Ohm proved by experiment that; v Battery {oromd,
a precise relationship exists between current,
voltage, and resistance. This relationship is
called Ohm’s law and is stated as follows:

— The current in a circuit is DIRECTLY
proportional to the applied voltage and
INVERSELY proportional to the circuit

Ground
{Chassis)

Control Switch
Toggle-Type R1

—— .M. A

resistance. Ohm'’s law may be expressed as an R3 LOAD
equation: (Lamp, aka Light)
=k BASIC LIGHT CIRCUIT
R CIRCUIT WIRING DIAGRAM
where,

| = Current in Amps;
E = Voltage in Volts; and,
R = Resistance in Ohms
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« OHM'S LAW

- In any equation, if all the variables
(parameters) are known except one, that Sround,
unknown can be found.

- For example, using Ohm'’s law, if current —
(I) and voltage (E) are known, resistance Control Switch
oggle-Type R1

(R) the only parameter not known, can be —~— W
determined, using the following steps: R3 LOAD

] . . {Lamp, aka Light)
- Basic Ohm's Law Equation

BASIC LIGHT CIRCUIT
CIRCUIT WIRING DIAGRAM

=%
R

Raymond Church East Coast Rally — 2015 49
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« OHM'S LAW [=—

- Remove the divisor by multiplying
both sides by R:

Rx [ =7E K’ETZ |
- To get R alone (on one side the Contr Suneh /o
equation) divide both sides by I: T Q;’ w
R‘_/I/ i E {LampEgtE Light)
. A BASIC LIGHT CIRCUIT
= _'I;he basic formula, transposed for R, CIRCUIT WIRING DIAGRAM
IS:
R=C
1
Raymond Church East Coast Rally — 2015 50
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+ OHM'S LAW =3 ®-%

- Likewise, if current (1) and

resistance (R) are known,
voltage (E) the only parameter

not known, can be determined, oo, /
using the following steps: e\
_ _ R3 LoAD
- Basic Ohm's Law Equation (tamp. aka Lght)
BASIC LIGHT CIRCUIT
r— E CIRCUIT WIRING DIAGRAM
"R
Raymond Church East Coast Rally — 2015 51
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+ OHM'S LAW 1=

- Remove the divisor by
multiplying both sides by R: =

E K R2 T T2R4
RX [==X— —
R Control Switch
- That leaves E alone (on one W .
side the equation); i.e., the basic B o
- Lamp, aka Light
formula, transposed for E is: BASIC LIGHT CIRCUIT
E=I.R CIRCUIT WIRING DIAGRAM
Raymond Church East Coast Rally — 2015 52
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« OHM'S LAW

- Now, we have Ohm's Law equation in
three formats:

The original, solving for I:

[=— Contro-l.g\;\.ri‘tr;f\ -
R Toggle-Type a1
- The transposed formula, solving for R: ot
LOAD
R= E (Lamp, aka Light)
I
: BASIC LIGHT CIRCUIT
And, the transposed formula, solving CIRCUIT WIRING DIAGRAM
for E:
E=IR
Raymond Church East Coast Rally — 2015 53
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« OHM'S LAW

- Now, we have Ohm's Law equation in
three formats:

x  FET  EIR P —
Control Switch
- The following, easy-to-remember, diagram, Toggle-Type /o
Figure 1-8, can be used for solving for WAy
each of the three unknown variables: uampﬁtfughﬂ

BASIC LIGHT CIRCUIT

i E ‘: CIRCUIT WIRING DIAGRAM
IR

Figure 1-8 —Ohm's law in diagram form.

Raymond Church East Coast Rally — 2015 54
G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

* POWER

- Power, whether electrical or mechanical, t2vde Battery (Sroume,
pertains to the rate at which work is being done.

- Work is energy and is expressed in units of
joules, British Thermal Units (BTU), kilocalories
(kcal, also Cal for nutrition), Watt-Hours (WHTr),
Horsepower-hours (HPh), etc.

Ground
{Chassis)

Control Switch
Toggle-Type R1

—— .M. A

LOAD

- Work is done whenever a force causes motion.

- When a mechanical force is used to lift or move (Lamp, aka Light)
a weight, work is done. BASIC LIGHT CIRCUIT
- However, force exerted WITHOUT causing CIRCUIT WIRING DIAGRAM

motion, such as the force a compressed spring
acting between two fixed objects, does not
constitute work.
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12Vde Chasslis

* POWER

- Voltage is an electrical force; and, voltage e Sovae)
forces current to flow in a closed circuit.

Ground
{Chassis)

- However, when voltage exists but current
does not flow because the circuit is open,
no work is done. This is similar to the
spring under tension that produced no
motion. R3 LOAD

(Lamp, aka Light)
- When voltage causes electrons to move, amp, aka Lig

work is done; i.e., energy is produced and BASIC LIGHT CIRCUIT
expended. CIRCUIT WIRING DIAGRAM

- The instantaneous RATE at which this
work is done is called the electric power,
and is measured in WATTS.

Raymond Church East Coast Rally — 2015 56
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12Vde Chassls

* POWER

- Atotal amount work may be done in et ;
different lengths time.

- For example, a given number electrons «
may be moved from one point to another

in 1 second or in 1 hour, depending on the Control Switch
. oggle-Type R1
RATE at which they are moved. ~———
- In both cases, total work done is the R
same.

BASIC LIGHT CIRCUIT
- However, when the work is done in a short CIRCUIT WIRING DIAGRAM
time, the wattage, or INSTANTANEOUS
POWER, is greater than when the same
amount work is done over a longer period
time.
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* POWER

- The basic unit power is the watt. And, the t2vde Battery (Sround
symbol P is used to indicate electrical power.

Ground
{Chassis)

- Power in watts is equal to the voltage across a
circuit multiplied by current through the circuit.

— This represents the rate at any given instant at
which work is being done.

Control Switch
Toggle-Type R1

—— .M. A

- Thus, the basic power formula is R3 oD
P=E X |’ (Lamp, aka Light)
where E is voltage and | is current in the circuit. BASIC LIGHT CIRCUIT

: CIRCUIT WIRING DIAGRAM
- The amount power changes when either

voltage or current, or both voltage and current,
are caused to change.
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12Vde Chassls

* POWER

- In practice, the ONLY factors that can be e . o]
changed are voltage and resistance.

- In explaining the different forms that - .
formulas may take, current is sometimes —

presented as a quantity that is changed. Control Switch

- But, remember, if current is changed, it is o e E&

because either voltage or resistance has LOAD

(Lamp, aka Light)
been changed.
BASIC LIGHT CIRCUIT

CIRCUIT WIRING DIAGRAM
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- POWER
- The basic formula for electric power is: c12vac Battory orenn

{Fused) A2Vde)
P=EXI

Ground
{Chassis)

By using algebraic manulations into the basic
electric power formula, we can directly calculate the
power, when only two variables are known.

- So, if the only the power (P) and the voltage (E) are
known, we can calculate the current (1):

Une L luctor—————
Control Switch

Toggle-Type R1

o AV AV

LOAD
(Lamp, aka Light)

P:E><12>I:£ BASIC LIGHT CIRCUIT
E CIRCUIT WIRING DIAGRAM

- And, if only the Power (P) and the current (I) are
known, we can calculate the voltage (E):

P:E><I=>E:§
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- POWER

The basic formula for electric power is: “12vde Battory (Grownd,

{Fused) =“12Vdc)

Ground
{Chassis)

P=EXI
By substituting the various forms of Ohm's Law into the
basic electric power formula, we can directly calculate
the power, when only two variables are known.

Control Switch

Toggle-Type
- So, if the only the voltage and the resistance are ~— W %
known: ) R3 LOAD
E E amp, aka Li
P=EXI=EX(=)=— (Lamp, aka Light)
R R BASIC LIGHT CIRCUIT
CIRCUIT WIRING DIAGRAM
- And, if only the current (I) and the resistance (R) are
known:
P=EXI=(IXR)XI=I’XR
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- POWER

- Therefore, to summarize, using the previous formulae .iava Battery Chassts
for electric power, we can generate several other forms g - 2yde)
of the basic electric power formula, when only two
variables the four variables are known; i.e., Power (P),

Voltage (E), current (I), and Resistance (R).

Ground
{Chassis)

p=L & R=L g otk
R P R1
S —— .M AVA
ot .. R3 LOAD
P= E = E= vV PXR (Lamp, aka Light)
A BASIC LIGHT CIRCUIT
SO
" 72 P . CIRCUIT WIRING DIAGRAM
P=I"XR = R=-;and,
P=I’xR = I=y%
VR
Raymond Church East Coast Rally — 2015 62

G8rRay.com Deer Run RV Resort, Crossville, TN



BASIC ELECTRIC POWER
PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

« POWER and OHM'S LAW

- The easy-to-use diagram, Figure 1-9, (at the right) can be
used for solving for each of the four unknown variables:

For example, in the upper left hand quadrant of the circle, P
is the unknown and can be calculated using

P=EXI
if voltage (E) and current (I) are known; or, can be calculated
using
2
P=I"XR

if current (I) and resistance (R) are known; etc.

- And, so on, for each unknown variable, represented by a
guadrant of the circle.

Figure 1-9 —Summary basic formulas.
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BASIC ELECTRIC POWER
PART 1

BASIC ELECTRIC POWER CONCEPTS AND
FORMULAE

ANY

QUESTIONS
2
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