Electrical Quantities

Electrical Fundamentals

Quantity

Symbol

Unit of Measure Unit Abbreviation

Current

Voltage

Resistance

Power

Ohm’s Law

Voltage

E
I R

Ohm's Law Circle

Watt’s Law

P

Current Voltage

LB

PIE Circle

Definition of an Ohm

An ohm is a unit of electrical resistance
seen between two points across a resistor,
conductor, device or circuit. One ohm
means that a potential difference (voltage)
of 1V between these two points produces
a current of 1A.

Electric Power

Electric power is the rate, per unit time, at
which electrical energy is transferred by an
electric circuit. The Sl unit of power is the
watt, one joule per second.




Electrical Quantities

Electrical Fundamentals

Quantity Symbol Unit of Measure Unit Abbreviation
Current I Amp A
Voltage
Resistance
Power

Ohm’s Law Definition of an Ohm
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E
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LB

PIE Circle

An ohm is a unit of electrical resistance
seen between two points across a resistor,
conductor, device or circuit. One ohm
means that a potential difference (voltage)
of 1V between these two points produces
a current of 1A.

Electric Power

Electric power is the rate, per unit time, at
which electrical energy is transferred by an
electric circuit. The Sl unit of power is the
watt, one joule per second.
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Quantity Symbol Unit of Measure Unit Abbreviation
Current I Amp A
Voltage VorE Volt \%
Resistance
Power
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An ohm is a unit of electrical resistance
seen between two points across a resistor,
conductor, device or circuit. One ohm
means that a potential difference (voltage)
of 1V between these two points produces
a current of 1A.

Electric Power

Electric power is the rate, per unit time, at
which electrical energy is transferred by an
electric circuit. The Sl unit of power is the
watt, one joule per second.
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Electrical Quantities

Quantity Symbol Unit of Measure Unit Abbreviation
Current I Amp A

Voltage VorE Volt \%
Resistance R Ohm Q

Power

Definition of an Ohm

An ohm is a unit of electrical resistance
seen between two points across a resistor,
conductor, device or circuit. One ohm
means that a potential difference (voltage)
of 1V between these two points produces
a current of 1A.

Ohm’s Law

Voltage

E

I R

Ohm's Law Circle

Watt’s Law
Electric Power

Electric power is the rate, per unit time, at
which electrical energy is transferred by an
electric circuit. The Sl unit of power is the
watt, one joule per second.
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Current Voltage
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Electrical Quantities

Quantity Symbol Unit of Measure Unit Abbreviation
Current I Amp A

Voltage VorE Volt \%
Resistance R Ohm Q

Power P Watt W or kW

Definition of an Ohm

An ohm is a unit of electrical resistance
seen between two points across a resistor,
conductor, device or circuit. One ohm
means that a potential difference (voltage)
of 1V between these two points produces
a current of 1A.

Ohm’s Law

Voltage

E

I R

Ohm's Law Circle

Watt’s Law
Electric Power

Electric power is the rate, per unit time, at
which electrical energy is transferred by an
electric circuit. The Sl unit of power is the
watt, one joule per second.

P

Current Voltage

LB

PIE Circle




Electrical Fundamentals

Example 1.
If a single Red LED is connected to a 9V battery and has a voltage drop of 2V and is rated for a

20mA current, how much resistance must be added to the circuit to operate the LED at its
specifications?

R

resistor

—]

- . ‘
9V :a
battery LED

> B <
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Example 1.
If a single Red LED is connected to a 9V battery and has a voltage drop of 2V and is rated for a

20mA current, how much resistance must be added to the circuit to operate the LED at its
specifications?

R
=20 mA ¥ resistor

2

2 |
S Wl | ‘ +
o9V :a‘j Eiep=2V

LED




Electrical Fundamentals

Example 1.
If a single Red LED is connected to a 9V battery and has a voltage drop of 2V and is rated for a

20mA current, how much resistance must be added to the circuit to operate the LED at its

specifications?
From Kirchoff’s Voltage Law [3V, ., = 0]
e o Es-EgR—Ep=0

1=20mA - —— resistor

=) E,=9V-2V=7V

- i

9V . _—:I'-?S Eiep=2V R - E/I — 7vl20mA = 350 Q

battery

> B <

m = milli = 103
20mA =0.02A



Electrical Fundamentals

Example 2.

For the circuit shown each bulb is 75W and the source voltage is 120V.
A. What type of circuit is this?
B. Sketch the circuit diagram.
C. Determine the total current and the voltage drop across each lamp.

D. Determine the Resistance of each of each lamp and the total Resistance.




Electrical Fundamentals

Example 2.
For the circuit shown each bulb is 75W and the source voltage is 120V.
A. What type of circuit is this? Series Circuit

B. Sketch the circuit diagram.
C. Determine the total current and the voltage drop across each lamp.
D. Determine the Resistance of each of each lamp and the total Resistance.

§
!
e ELERL . £ 275w TIW  _isow - 1254
_.;M E | 20V |20V
?
E 4 : - -
X t et =75W = oV | _ -
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Electrical Fundamentals

Example 2.

For the circuit shown each bulb is 75W and the source voltage is 120V.
A. What type of circuit is this?
B. Sketch the circuit diagram.
C. Determine the current in each lamp and the total current.

D. Determine the Resistance of each of each lamp and the total Resistance.
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Electrical Fundamentals

Example 2.
For the circuit shown each bulb is 75W and the source voltage is 120V.
A. What type of circuit is this? Parallel Circuit

B. Sketch the circuit diagram.
C. Determine the current in each lamp and the total current.
D. Determine the Resistance of each of each lamp and the total Resistance.
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== | S ekt A6
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Electrical Fundamentals

Electric Power

//‘/
Y. 2 -
v
The elements in a toaster An electric mixer changes An electric fan transforms
changes electrical energy into electrical energy into electrical energy into
Heat energy. Mechanical energy. Kinetic energy.

Can you think of another form of energy electricity is commonly changed into? Light @

13



Electrical Fundamentals

Convenience Receptacles

(&)

Y} a |}

P @l

(4|

e '

L@ o8
15A, 125V 20A, 125V 20A, 125V 20A, 125V
Residential Commercial Hospital GFCI

NEMA 5-20R
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https://www.youtube.com/watch?v=Vkd43t2y2to

Electrical Fundamentals

How are Receptacles Wired? 1230 W 1.5 T8

'S
% |

V
It
120V ‘: II::'

4
fo

Series Circuit ?

—_— |
It -—— I
Parallel Circuit ? 120V 1230w Wi l
<
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How are Receptacles Wired? 1230 W 1.5 T8

'S
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V
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4
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Series Circuit ?

—_— |
It -—— I
Parallel Circuit ? 120V 1230w Wi l
<
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Electrical Fundamentals

How are Receptacles Wired? 1230

Series Circuit ?

S
[ ] [ ] IT £
Parallel Circuit ? 120V 1230 W 5

What is the current in the toaster? [,=P,/E,=1230W/120V=10.25A

What is the power of the blender? P=IxE=11.5Ax 120V =1380W

17



Electrical Fundamentals

What is a UL Approved Label?

Many products must be permanently marked or labeled with specific safety-
related information such as hazards, warnings, cautions, installation instructions
and electrical ratings.

Where are UL Labels Typically Found?

UL labels are typically used in electronic applications, including household
appliances and other consumer goods. Other industries that use UL labels include
medical, industrial, and outdoor applications. Labels are often referred to as a

nameplate.

18



Electrical Fundamentals

How Much Current?

19



Electrical Fundamentals

How Much Current?

[=P/E=900W/120V=75A

20



Electrical Fundamentals

How Much Power?

KitchenAid

Model No: KPFD200SS
Serial No: WAR4903402

Electrical: 120 VAC 60hZ 4 amps
Refrigerant Charge: R134A 6.5 oz.

Design Pressure:
High Side 350 psi Low Side 150 psi

KitchenAid
St. Joseph, Michigan 48085

wusSa,



Electrical Fundamentals

How Much Power?

-

P

KitchenAid

Model No: KPFD200SS
Serial No: WAR4903402

Electrical: 120 VAC 60hZ 4 amps
Refrigerant Charge: R134A 6.5 oz.

Design Pressure:
High Side 350 psi Low Side 150 psi

Kitohenaid o8 )ys L Roun mcn
St. Joseph, Michigan 49085 54 MO

Y .b:-”‘

P=IxE=4A x 120 V=480 W

What is the HP of the motor?

HP = 480 W x 0.001341 = 0.64 HP (< 1 HP)
N EAVEEEENED. @PUL T T T T 2



Electrical Fundamentals

UL Nameplate

BRYANT @ TECH-SPEC®
MANUAL MOTOR CONTROLLER
WITHOUT OVERLOAD PROTECTION
SUITABLE AS MOTOR DISCONNECT

[ENCLOSURE [CONTROLLER PH H.P. RATING SHORT CIRCUIT
CAT. NO. CAT. NO. 120VAC | 240VAC | 480VAC | BOOVAC RATING

303220 | 300020S |1 | 2 | 5 |10 | 15 | seeraTING

300030s (3| 3 [7.5/15 |20 ON
CONTROLLER

5 30A 600VAC MAX. ;
*E@ ENCLOSURE TYPE 3 @
D-59541-03 MADE IN USA

2:00y0IN)
NOILNALLY

“ONIN30 340438 H3M04 LOINNOISIO ‘NOILNY)

‘VIHIKEY 30 SIUNY NOLLYLNIWITY BYLO3N02530

“HIBANO LNYAY NOLIYLNZHIY E3HONYYS30
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Electrical Fundamentals

Direct Current (DC)

Direct current (DC) is the constant flow of electricity through a conductor in
one direction. A dry-cell battery connected to a light bulb is an example of a

simple dc circuit.

Four rules apply to DC series circuits:

(1) The total voltage is the sum of the voltages across each load.

(2) The current is the same in all parts of the circuit.

(3) The total resistance is the sum of the individual load resistances.

Rictal =

Ri+ R2 + Rs3

(4) The total power is the sum of the powers used by the individual loads.

24



Electrical Fundamentals

The rules for DC parallel circuits are:

I
(1) The voltage across each load is the same. j L I, I
(2) The total current is the sum of the currents in each load. Eq i R R, R,
(3) The total resistance is always lower than the smallest load -1
resistance. The formula for calculating total resistance (RT) is:
R T T R I=1+1,+1I,

Rtotal Ri1 R2 R>

(4) The total power is the sum of the powers used by the individual
loads.

25



Electrical Fundamentals

Example 3.

For the series circuit shown determine Iy, Ry, For the parallel circuit shown determine R, |,
i Wati it ['T'

and PT. ph--- - - Iz, IT and PT. L

J'[]l anl

—3
120V R | |56Q2 R,| [100Q
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Electrical Fundamentals

Example 3.

For the series circuit shown determine Iy, Ry,
10 Watt &0 Watt 60 Watt

and PT- SOURCE

10 Valis 10 Volts

TJ - 10w 4+ Low Y Low = A\ S ow)
B
e O 120V = IR
E ?_ ) ' \J
- | k
- - o]
I<5
| l.ORIF

I/':

— ¢ [.O%s A
- I ] K [ 'y

For the parallel circuit shown determine R, |,
Iy

l,, I and Px. > J'“l J'”l

—3
120V R | |56Q2 R,| [100Q
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Electrical Fundamentals

Example 3.

For the series circuit shown determine Iy, Ry,
10 Watt &0 Watt 60 Watt

and PT- SOURCE

10 Valis 10 Volts

iﬂj - 10w 4+ Low Y Low = \Zow)
T
o fr _ 130w _ 0834
T 2 R
-~ | k
- - o]
&
l l.ORIF

A .

—_— E Fo XY A
A 2 Fiho £

For the parallel circuit shown determine R, |,
Jr[]l Jr[zl

l,, I and Px. >
-1201" R, []Eﬁﬂ R; I:Ilﬂﬂﬂ

_ ; — = L
T le = i‘ ' & /
adle -‘j r _I S
G ; ) JI ol . ™ ,tl} 5.«3 J‘&
I I a
..—. II,-:":,
oV —
( - % Ii;:- g
[p., . L :
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Electrical Fundamentals

Alternating Current (AC)
Alternating current (AC) is the flow of electric charge that periodically reverses direction. If the

source varies periodically, particularly sinusoidally, the circuit is known as an alternating current
circuit.

Examples include the commercial and residential power supplied by the electric power grid.

Electricity generation, transmission, and distribution

fransmission lines carry
g A electricity long distances

generates electricity distribution lines carry
”‘" % electricity to houses
[ ] | |m

transformers on poles
step down electricity

transformer steps nsighbortiood before it enters houses

up voltage for transformer steps

transmission down U-D“age

Source: Adapted from Mational Energy Education Development Project (public domain)

29



Electrical Fundamentals

Single-Phase AC

90°

180"

270°

360°

i

One Cycle

Single-phase ac

bl

Throughout North America, homes are powered
by 120-volt single-phase electricity.

At what frequency?
At that frequency, the alternating current sine

wave crosses the zero point times
each second.

When either voltage or current crosses the zero
point, the electrical power being delivered falls to
zero. Does that matter to electronic equipment?

30



Electrical Fundamentals

Single-Phase AC

90°

180"

270°

360°

i

One Cycle

Single-phase ac

bl

Throughout North America, homes are powered
by 120-volt single-phase electricity.

At what frequency? 60HZ
At that frequency, the alternating current sine

wave crosses the zero point 120 times
each second.

When either voltage or current crosses the zero
point, the electrical power being delivered falls to
zero. Does that matter to electronic equipment?

Yes. Motors

31



Electrical Fundamentals

Single-Phase AC A typical residential circuit breaker box reveals four
wires coming into our homes main panel: two “hot”
wires, a neutral wire and ground.

For the panel shown which conductor is the neutral?

The two "hot" wires carry 240 VAC, which is used for

heavy appliances like electric ranges and dryers. The

voltage between both hot wire and the neutral wire
is 120 VAC, which powers everything else in our

T hotge 3 secondary coil 2 primary coil From power pole h omes.
outputs inputs

240 120 :
Volts Volts :
Neu\'.\'a‘ = ;
120 ¢ 8 to transformer
Volts i

Neutral from gole
| |

Ground= © Gene Haynes

“Hot from pole

7200
volts

- Hot2

32



Electrical Fundamentals

Single-Phase AC A typical residential circuit breaker box reveals four
wires coming into our homes main panel: two “hot”
wires, a neutral wire and ground.

For the panel shown which conductor is the neutral?
Black w/white stripe

The two "hot" wires carry 240 VAC, which is used for

heavy appliances like electric ranges and dryers. The

voltage between both hot wire and the neutral wire
is 120 VAC, which powers everything else in our

T hotge 3 secondary coil 2 primary coil From power pole h omes.
outputs inputs

240 120 :
Volts Volts :
Neu\'.\'a‘ = ;
120 ¢ 8 to transformer
Volts i

Neutral from gole
| |

Ground= © Gene Haynes

“Hot from pole

7200
volts

- Hot2
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Electrical Fundamentals

Three-Phase AC * Three-phase power consists of three sine waves separated by
ot eraes erases 120 degrees that overlap.

- W * This form of power is created by an AC generator with three

< independent windings, each exactly 120 degrees apart. Each
current (phase) is carried on a separate conductor.

-0.5

 Due to the phase relationship, neither voltage nor current flow
applied to a load ever drops to zero.

* This means three-phase power at a given voltage can deliver
more power. In fact, about 1.7 times the power of a single-phase

supply v3=1732

* Three-phase allows for smaller, less expensive wiring and lower
voltages, making it safer and less expensive to run.

34



Electrical Fundamentals

Why do Commercial Buildings Use Three-Phase Power?

 Used to power large motors and other heavy loads.

* Motors perform better running on three-phase power.

* It is more efficient for larger loads, less costly to install, and the industry norm for medium to
large sized facilities.

e Purchasing power at 13.8KV from the local utility is less costly. The owner will provide and
maintain their own step-down transformer, which lowers the voltage to a more usable level (in
the US, 480/277 volts). This transformer can be mounted on a pad outside the building or in a
transformer room inside the building.

® [

PANEL "L1" p PANEL "L1” PANEL "H1" PANEL "HM”
@2of 2) 'l (1 of 2)
() 277/480V, 277/480V,

120,/208Y, 120/208V, 30, 4W. 3¢, 4W.
39, 4W. 38, 4W.

600A MLO 200A MLO
125A MLO 125A MCB

— DRY TYPE
TRANSFORMER
45KVA, 30
480—120/208V
I P 1

4" CONCRETE HOUSE
KEEPING PAD WITH
| | | CHAMFERED EDGES. |
— --— 35




Electrical Fundamentals

Types of Loads

Purely Resistive Load

® g

Resistance is a measure of the
opposition to current flow in
an electrical circuit.

Voltage and current sine
waves are in-phase when they
peak and cross the zero axis at
the same time. This occurs
when the AC circuit is purely
resistive.

Voltage
A/ Current

Resistive circuit
¢ = 0, Unity Power factor

Purely Inductive Load

O

Inductive reactance is
associated with the magnetic
field that surrounds a wire or a
coil carrying a current.

The current lags voltage by 90°.

This is because an inductor
does not allow a sudden
change in current.

Voltage
/ / Current

Inductive circuit
Lagging Power factor

Purely Capacitive Load

© f

Capacitive reactance is
associated with the changing
electric field between two
conducting surfaces (plates)
separated from each other by
an insulating medium.

The current leads voltage by
90°. This is because a capacitor
does not allow a sudden
change in voltage.

/ Voltage

Current

Capacitive circuit
Leading Power factor

36



Electrical Fundamentals

Power Factor

Power factor is the ratio of real power (kW) to apparent power (kVA).

This ratio can be a value from 0 to 1, and it indicates how efficiently an AC circuit is using
electricity, with a value of 1 representing high efficiency.

In AC circuits, inductive components (capacitors, motors, compressors, etc...) increases the
reactive power and increases the difference between real and apparent power.

A greater difference between real and apparent power produces a lower power factor.

kW is Working Power (also called Actual
‘ Power or Active Power or Real Power).
It is the power that actually powers the

Real Power (KW) equipment and performs useful work.

PF =
Apparent Power (kVA)

kVAR is Reactive Power. It is the power
that magnetic equipment (transformer,
motor, relay etc.) needs to produce the
magnetizing flux.

Cos O = PF

Reactive Power (kKVAr)

Power Factor Angle

V|

Real Power (kW) kVA is Apparent Power. It is the
“vectoral summation” of KVAR and KW.

37



Electrical Fundamentals

Example 4.
The power bill for a commercial building is 600KWh, 216 hours of usage per month and a power

factor of 0.75. Calculate the total Real Power (KW), Reactive Power (KVAR), and the Apparent
Power (kVA).

Solution.

38



Electrical Fundamentals

Example 4.
The power bill for a commercial building is 600KWh, 216 hours of usage per month and a power

factor of 0.75. Calculate the total Real Power (KW), Reactive Power (KVAR), and the Apparent
Power (kVA).

v o B
I"-i-pi_ah FF:J‘JJ*‘ ' (l“' wd :} e i
Solution. 4 B TeuaY = Real Power () 277 KW 2.7 kvA
/- Iz-'!-"b ek | v L ] = ) 35 ) L - e s —
FPF O
Rt ¢ Fow {f! A - 1 PF) |
- | '.nﬂ,-. '__,.I
n
A / Rialdr v
A 7 . WENEEC—C oW ke gk e
& o - L m—
p y - r = k A e
/ v R AR | 277 3/
/ =4 J
,‘3 v
i r

5,117 ke
p / 39



Electrical Fundamentals

Example 5.
A boring mill was operating at 100 kW and the apparent power consumed was 125 kVA, what is

the power factor? Sketch the power triangle.

Solution.

Sketch the power triangles for a PF = 70% and PF = 95%
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Electrical Fundamentals

Example 5.
A boring mill was operating at 100 kW and the apparent power consumed was 125 kVA, what is

the power factor? Sketch the power triangle.

K| Al
\-\"\-\ r' 'II !I.l['_lj k.-\_ v, : ~ "._,. f\] } ¥ f [
solution. PE | TS # o
g "_..-' F. 3 | ._." - lI ; o
S ; &= Cos™" (083"
\ 2~ ]2
p
jev Y / 1
o
/ = [ <
_/'j =37 |
> (R act v _ e < VATe
100 kKw Y . .

Sketch the power triangles for a PF = 70% and PF = 95%
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Electrical Fundamentals

Example 5.
A boring mill was operating at 100 kW and the apparent power consumed was 125 kVA, what is

the power factor? Sketch the power triangle.

L 1 | ) Ala
. kw o \WOOKW _ pgO e
Solution. e e s A o | |
- [ f""rl.l . Q - CL 5 1 Ir ) o € >/
l_-:" = , ]' 2
sxg V- sl
h// Ky
Al )0
/_//) = } Rencs o
100 KW Y
Sketch the power triangles for a PF = 70% and PF = 95%
R
1. th/ 100
F K va
rd
.
'//) g=4

J i 42



Electrical Fundamentals

Example 5.
A boring mill was operating at 100 kW and the apparent power consumed was 125 kVA, what is

the power factor? Sketch the power triangle.

. o N \00 W _ 0.9 0 KV AT | / Aa
Solution. LSl e — . Y | |
h c ’ y 6= Co¥s 1 0. - ¥
| Z ~ E |~
a4 'FH : yuA K : k
r // K\ an 370
T r
/-//d il > [xeact ke [ AT
100 KW P
Sketch the power triangles for a PF = 70% and PF = 95%
. 00 kW = |42 kKVA PE= 0.45
APparert ) _, l A
fn{.,-. 4

\“ -;L“ 100
K" ] (o

¥
P4
v)

we 0
45

43
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Electrical Fundamentals

Perpendioular  Tetal
Movement

Movement
Foree

Perpendicular

Foree Forward

Foree Forward

Foree Forward

7
ll "- : _/.-
| M n 100 {_'{: , 2T
W ¥ L ~ - | > )
= VA (- P e
4 eV f/"f ey A S ALLE
/ ot o 7
¢ A=M /] e
/ J J o >
> 100 KW

100 K
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Electrical Fundamentals

& T
Whatis | |
Power Factor? | |
P 1 Reactive power
B by e s s KVAR (Froth)
t E Pt BY huA
kW
Peraved Factor
= W
Jiowr + e
Y- 13
Working power
— 7 : KW (Liquid)
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Electrical Fundamentals

Transformers

* Transformers are electrical devices consisting of two or
more coils of wire used to transfer electrical energy by
means of a changing magnetic field.

* Transformers are capable of either increasing or decreasing
the voltage and current levels of their supply, without
modifying its frequency, or the amount of electrical power

being transferred from one winding to another via the
magnetic circuit.

INCOMING SIDE OF TRANSFORMER
| & 7,200 volts

120 volts 5 120 volts
groun

240 volts

OUT-GOING SIDE OF TRANSFOMER
Graphic courtesy: How Stuff Works




Electrical Fundamentals

Example 6.

A transformer has 500 turns of the primary winding and 10 turns of the secondary winding.

A. Determine the secondary voltage if the secondary circuit is open and the primary voltage is
120V.

B. Determine the current in the primary and secondary winding, given that the secondary

winding is connected to a resistance load 15 Q?

Determine the power of the primary and the power of the secondary.

Is this a step-up or step-down transformer?

=Ne

Solution.
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Electrical Fundamentals
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