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Electric power <x g/ 5 i/
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James Watt
1736-1819

One watt (W) is the amount of
power when one joule of energy is
used in one second.

5 LS o eadieeall dalaal) Cilas 1
1 K.W = 1000 Watt.

Electric motors are commonly rated in
horsepower (hp) where 1 hp =746 W. 4



Electric Energy 4w g<l 434l

g )il Bas g1l g dendiisall Ay je U A8l jlate sy 368 Alae J e JS (B 2 g
Sl (KOW.h) dele <ol 5 ,lS o Aall oda Jie b 4y S A8l Ly (alss 3l
e delu ol aual aal g ind i s pe (pe dediiall 4y Sl A8l S L del
il (g glaas D pg Il DY G Sl Linas g anlg 4l G aeall G el

;Qi LS‘ ¢ (ol El
W=VIt=Pt (W.s)
James
Prescott
1 W.sec. =1 Joule. Joule
1818-1889
1 W.h. = 3600 W.sec

1 K.W.h. = 3600 x 1000 = 36 x 10° Joule.



Determine the number of kilowatt-hours (kKWh) for cach of the following energy
consumptions:

(a) 1400 W for Ih  (b) 2500 W for2h  (¢) 100,000 W for 5 h

Solution (a) 1400W = | 4kW (b) 2500 W = 2.5kW
W= Pr=(14kW)(1h) = 1L4kWh W= (Q25kW)2h) = SkWh

(¢) 100,000W = 100kW
W= (100kW)(Sh) = S00kWh

How many kilowatt-hours are used by a 250 W bulb
burning for 8 h?



Power in an Electric Circuit
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Calculate the power in each of the three circuits:

P=1V=RAN0V)=20W

(b)

P = I2R = (2A4)2(47Q) = 188 W
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220V
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P=I*R=(11A)*Q20Q) =2.420W

The amount of energy transferred in time At is P At. Thus:

P At = (2,420W)(2h) = 4,840 Wh = 4.84 kWh

Cost = (4.84 kWh)(0.35 LE/kWh) = 1.69 LE
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225 W or greater.

(a) Axial-lead wirewound b) Adjustable wirewound (¢) Radhal-lead for PC board nsertion



Rule: When a resistor is used in a circuit, its power rating must be
greater than the maximum power .
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Some resistors can become very
hot in normal operation. To avoid
a burn, do not touch a circuit
component while the power is
connected to the circuit. After
power has been turned off, allow
time for the components to cool
down.
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Choose an adequate power rating for each of the metal-film resistors in Figure

(s W, i W, 2 W, or | W),

+

The actual power is:

OV ——

e (10V)*>  100V?

0.833 W .

R 1200 1200 =

(a)

In this case, a 1 W resistor should be used.

‘ 10 mA

’ - — R
— 1000 )

R
120§}

P = PR = (10mA)*(1000 Q) = (10 X 107 A)’(1000 Q) = 0.1 W

At least a 5 W (0.125 W) resistor should be used in this case.

12



Energy Conversion and Voltage Drop in Resistance
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This decrease in voltage across the resistor due to a loss of energy
is called a voltage drop.
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R PR AN
Loop, Node and Branch Analyses

L 3
R, R
Loop | § R, Loop 2 - A circuit shows
e A loops, nodes,
T —ES branches.

A loop (3#e Jbwa) is a complete current path within a circuit.
There are 2 loops.

A node (348) is a point where two or more components are connected.
There are 4 nodes.

A branch (84 is a path that connects two nodes.
There are 3 branches.

and
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Series circuits (5 g0

Resistors in series

A series circuit provides only one path for current between two points so that the
current is the same through each series resistor.
R| R\ R| R'\ R; R| R‘

. R, R,
A o——N—AN—01 1 o=AMN—AN—AW—01 | o=MA-AN-AW Aot

() (b) (c)

Rt =Ry +Ry+ Ry +--- + K,

One path, A t
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Current in a series circuit

R,
Wy
22k
: : ! 1
Current into any point - (
in a series circuit is e §f=,m
the same as the ' L
current out of that . 3
point. AN
22k

(a) Pictonal

(152.0]

(a) Pictonial (b) Schematic 16




Voltage sources in series
Vsao) = V1 + Va + -+ + Vg,

I -

5V 1.5V
po—liF——|

ISV

+
Il

OA

Vg = 15V + 15V + 15V = +45V

Total 4.5 V from terminal A to terminal B
A is more positive than B

X

6V _—_—_-v“

6V ;W\. § R

&V ;W equivalent battery —:]:
+ + )

+
Replacing with a single 15y =" § K

Algebraic sum. i.e. polarities
should be considered.

1.5V 1SV ISV

- + +
o

- +

I..
I _llll o
I i \

Vig = +1.5V = 15V + 1.5V = +15V

Total 1.5 V from terminal A to terminal B
A is more positive than B
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Kirchhoff’s voltage law

The sum of all the voltage drops around a single closed path in a circuit is equal to
the total source voltage in that loop.

VS=V1 +V3+V3+---

or

Vg =V = Vy= V3 ==

HISTORY NOTE |

Kirchhoff was a German physicist
who contributed to the
fundamental understanding of
electrical circuits, spectroscopy,
and the emission of black-body
radiation by heated objects.
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Voltage divider 3¢l (s

A circuit consists of a series of resistors connected to a voltage source
acts as a voltage divider.

O+
J Rl _\'
Q +
'3 \
R, §\', { R
+ = £ O+
= v, = . x
= " 2 o
Rzg\': i
: 54
J R v,
- = F

RSSO dne: Generalized voltage divider with n

resistors.

In general:

Vo= 1R, - ()

I
G —
>|=
b SR
—
m‘ﬂ
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Determine the voltages between the following points in the voltage divider of
Figure 5-40:

(a) AtoB (b) AtoC (c) BtoC (d) BtoD (e) CtoD

O A
First, determine Ry. +
R 1.0 kQ2
Ry = R|+R2+R3-lOk(l+82kQ+33LQ-l25k!) ' -
o B
Vol [P -
R.) ( 1.0k ) X R, Z 8.2kl
Vig = Vg = 25V =2V BV 7T ~
an (RT 2 \125k0 ot
+
Ry < 33Kk
Vie = (R' % Rz)vs ( 22kl )25v = 184V E
Ry oD

5k()
= (o )
= | —= V=
Vee (RT = 164V
Ry + R
VBD=(, 3)

v -(R-")v ( Q)25v=66v
D= \R:/° " \125k0

)25V =23V

Determine each of the previously calculated voltages if Vg is doubled.
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A Potentiometer as an Adjustable Voltage Divider

<

{b) Schematic

(b) (c)
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Intermediate
— frequency o boector
(IF)
Volume
control

A variable voltage divider used for volume control in a radio receiver.
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Troubleshooting in series circuits

Open circuit

da gidal) 3 il

An open in a series circuit prevents current.

\\\\\IIHIII/, |
kD

©e®

&
o

L =3

(a) A complete series circuit has current.

V=V, + Vot V34 Vi + Vs + Vg
Va=Vs =V = Vo= V3= Vs — Vg

=10V—-0V—-0V—-0V—-0V—-0V
Vi=Vs=10V

0

Open filament

10 ® O @

I
.

(b) An open series circuit has no current.

M—WM—W—" 4 AM—W—
P ov 0V 0V A ov oV
— 10V OPEN

—_—

1
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Short circuit adl) b il

A short in a series circuit causes more current than normal.

+
I+

100V 100 V

== = 1A

(a) Before short (b) After short



Parallel circuits )5 s Jua sill il go

Resistors in parallel

g n

%l T

W= WSRASR w= ISR L[SR L §R; ISR,

i b

+ + + + +
Bo JW\!" B Bo B o B o
(a) (b) (c) (d) (e)

Examples of circuits with two parallel paths. 25



VOLTAGE IN A PARALLEL CIRCUIT

Voltage across parallel branches is
the same.

Vg= 12V

(b) Schematic

The same voltage appears across
each resistor in parallel.

26



KIRCHHOFF’S CURRENT LAW

The sum of the currents into a node (total current in) is equal to the sum of the cur-
rents out of that node (total current out).

A node is any point or junction in a circuit where two or more components are con-
nected. In a parallel circuit, a node or junction is a point where the parallel branches come

together.

Ir=L+ 5L+ 14
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The algebraic sum of all of the currents entering and leaving a node is equal to zero.

Inoy + Iine + hiny 2 + vy = Toutay + Toutey + Toutryy + °+ + loutim)

Iiney T hiney + Iingy + -+ hiney — loutay — lout2) — lTourdy — *** — loutomy = 0
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Current Dividers

In a parallel circuit, the total current into the junction of the parallel branches divides
among the branches. Thus, a parallel circuit acts as a current divider.

The total current divides among parallel resistors into currents with values inversely
proportional to the resistance values.

Rl
—
-* , | -
/i A" /I
+ AN
Vs —= = ol

Total current divides between the
two branches. 29



100 )

The branches with higher resistance have less current, and the branches with lower
resistance have more current, in accordance with Ohm's law. If all the branches have the
same resistance, the branch currents are all equal.
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Current-Divider Formula

L 4 L L ] ] ] o —
+
Ve / §R, 1, §R\ I, gk,___-k,,§ I
. > r— — — — ol
A parallel circuit with n branches.
Vs B
I, = R Vg = IRy

I_‘- S5, sem—— I,\ = (—) ]-l- where x =1, 2, 3, etc.



Residential
o b b das 13) a1 o a8 Guny gl B ol g8l Jua g Ty
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A common use of parallel circuits 1s 1n residential electrical systems.
All the lights and appliances in a home are wired 1n parallel.

R 7 7 @ ®) @
e ® (@ ®

- e

Example of a parallel circuit in residential wiring.
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Troubleshooting in parallel circuits
Open Branch sl g 8l

When an open occurs in a parallel branch, the total resistance
increases, the total current decreases.

’ Switch

L.h "'L'LI

| 100 O

Parallel branches (open or not) have the same voltage.

100 0

\'".‘l ”\h
Opcn

Rl
100 ()

R.‘
100 £
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Shorted Branch < 43 gl gl

When a branch in a parallel circuit shorts, the current increases to an
excessive value, causing a fuse or circuit breaker to blow.

Resistance in a wire simulator

https://phet.colorado.edu/sims/html/resistance-in-a-wire/latest/resistance-in-a-
wire en.html

Circuit Construction Kit- DC

https://phet.colorado.edu/sims/html/circuit-construction-kit-dc/latest/circuit-
construction-kit-dc en.html
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Wheatstone bridge O S gA B ylad
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Metric bridge 4l 3 jhill)
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which gives

Rx RL,

— (1)

which gives

S

S

— (
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I._1 =x(§—5) __SL-_ _RLz
i R S R S
from which
X: S —

S _R

R S
~ RL, -SL

S -R

Similarly
y=SL3 - RL, 100

S - R
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