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Ohm’s Law, Power and Energy

Ohm’s Law

Ohm‘s law states that the voltage V across a resistor is directly
proportional to the current | flowing through the resistor.
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Fig.(1). Ohm's law triangle
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Example 1: Find the resistance (R) for an electric conductor draws
(4 A)at (240 V) ?
Solution:

From Ohm'slaw, = V =I.R

R = 2> R=——

14 240V
I 4A

=R =60 Q

Electric Power:

Electric Power defines the value of work done by an electric current per
unit of time.

The unit of power is the WATT.
For a resistor in a DC-circuit

The power delivered to, or absorbed by, an electrical device or system
can be found in terms of the current and voltage by first substituting
equations

t t
=2
t
B ) A —— 3)

The unit of power is the WATT.

By direct substitution of Ohm’s law, the equation for power can be
obtained in two other forms:

P=V.I
|74
P=V><(E)
VZ
Pp=__
. @
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The energy (W) lost or gained by any system is therefore determined by

W= Pt

Watt . Second =2 W.S Or Joules

Energy (Wh) = power (W) X time (h)

Or

power (W) X time (h)
1000

Energy (kWh) =

Example 2: For the circuit shown in figure (2), calculate the current (1),
voltage (V), conductance (G) and power (P)?

I
Im mit
+ |30V +

V —— 5k9§
VR

: Y,

Fig. (2)

Solution:
From Ohm's law,
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The current > /== ==6Xx10"3 = 6mA
R 5x10

1 1
R 5x103

The conductance =» G = = 0.2 X103 =0.2 mS

ThePower (P) =>P=1xVz=30(6x%10-3) =180 mW
Or

=2 P=12XR=(6%x10-3)2x(5%x103) =180 mW
Or

> P=‘§=V2><G= (30)2 x (0.2 X 10-3) = 180 mW

Example2: How much energy (in kWh ) is required to
light a (60 W) bulb continuously for 1 year (365 days)?

Solution:
__ pwoer(w)xtime (t)

Energy (Wh) =220rsine® sy
(60W) (&i‘) x (365 day)
W= da
1000

W = 525.60 kWh
Nodes, Branches, and Loops

e A branch represents a single element such as a voltage source or
a resistor.

e A node is the point of connection between two or more branches.
e A loop is any closed path in a circuit.

The figure (2) show a network with (b) branches,(n) nodes, and (1)
independent loops which will achieve the fundamental theorem of
network techniques:

b=l4+n-1
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Example 2:

a 50 b
10V (= 202 363 (B)2a l:> - ol w8 @24
l—l—l—l v e -

C

(a) (b)

Figure (3),(a): Nodes, branches and loops Figure (3),(b): The three nodes
circuit of Figure (3)(a) is redrawn.

Example 2: Determine the number of branches and nodes in the circuit
shown below?

Solution:
Since there are 5 elements = 10V, 2A, 5Q, 2Q, 3Q,

= Number of branches=5
Or

= There are three nods :
A, b,and c

= The number of loops= 3

Z

ote
= There are more than 3 (dependent) loops in this example, we had only
calculated the INDEPENDENT loop which are only (3).

= In general; Any circuit with b branches, n nodes and | independent
loops, the following fundamental theorem of network topology:
b=1l+n-1

wn

Series and Parallel Resistances

Two or more elements are in series if they exclusively share a single
node and consequently carry the same current.

Two or more elements are in parallel if they are connected to the
same two nodes and consequently have the same voltage across them.
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Resistors connected in series Resistors connected in parralel

1 The same current flows through
each resistance.
I=h=l=...=

2 The voltage across each resistance
is different.

3 The sum of the voltages across all
the resistances is the supply
voltage.

V=Vi+Ve+ ...+ VW

4 The equivalent resistance is,

Re=Ri1+ R2+ ... + Rn

5 The equivalent resistance is the
largest than each of the resistances
In series.

Req> R1, Reg> Ro..., Reg> Rn
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The same voltage exists across
all the resistances in parallel.
V=Vi=Vo=...=Vh

The current through each
resistance is different.

The sum of the currents through
all the resistances is the supply
current.

I=hh+l2+...+1In

The equivalent resistance is,

1 1 1
1 =_ 4+ 4t
Req R1 R2 Rn

The equivalent resistance is the
smaller than the smallest of all
the resistances in parallel.



Example 3: For the figure (4), find the equivalent resistance between the
two points A & B?
Solution:

The resistances 3 Q, 4 Q, and 4 Q are in parallel (as voltage across them
same but current divides),

~ Equivalent resistance is, L =141 ;1 _10
R 3 4 4 12

1 10

R - 12° 1.2 Q

The resistances of 5Q and 6 Q are in series (as carry the same current).

-~ Equivalent resistance is 5+6 = 11 Q

30
AW
2Q 4Q
A\~ AWV
40
AN
A 10 50 6 O B
" AMA- A\~ M- o
7Q
A\
Fig.(4)

The circuit becume as shown in figure (5):
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Series

A 1Q 11Q

s O

70
MW\~

Parallel

Fig. (5)

The resistors (2 ) and (1.2 2) are in series therefore, equivalent resistance
IS :

= 2+1.2=3.2 Q

While 11 Q and 7 Q are in parallel :

R 1717 7 77
= R=_=4.277Q

Replacing the circuit to the figure (6) below:

3.20
— AM——
A 1Q B
—AANAN—— —
4270
L AAN—
Fig.(6)

3.2Q and 4.27() are in parallel:

29



3.2*%4.27

R = 325427 - 1.8330Q

A 1Q 1.33Q2 g

Fig.(7)
From Fig.(7):
~R=1+1.83= 2830

Example 4: Find the equivalent resistance between the two points
A & B in the Figure (8)?

15 O 10 Q
6 Q 4 Q)
Fig.(8)
Solution:
A 1
¢ "\ . parallel
< < -~ }- :)-
159% 10Q3 15 3 ?IOQ'
— co x
603 493 60 g ; 4O
|
| o
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Ae A o

R1=(15).(10) R
15+10
. <
Series s g RAB=6+2.4=8.4 Q
R2 8L A 24Q
6+4
B B ted

RAB = 8.4Q

POWER DISTRIBUTION IN A SERIES CIRCUIT

the power applied by the dc supply must equal that dissipated by the
resistive elements.as shown in figure (2).

Pz Pars
Pr
N
—— A} MW\ 4'A'A"
| Is R Rz Rs
|+l
Pr _T E
=
Fig.(9)
In equation form:
PE:PR1+PR2+PR3 (9)
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The power deliverd by the supply can be determine using:

EXAMPLE 7 For the series circuit in Fig. 22 (all standard values):

+V - +V, -
: ; P b,
a. Determine the total resistance Ry. I R, ,/ R / :

Calculate the current /. r’ A AN
Determine the voltage across each resistor. P, 1kQ 3k0 /
Find the power supplied by the battery. \ R

. L " oy
Determine the power dissipated by each resistor. EZ= 13V R gz ka Vs
Comment on whether the total power supplied equals the total Sy =
power dissipated.

-0 80 o

Solutions: =
a. RT=R| +R‘_> +R3 FIG. 22
=1k +3kQ +2k0 Series circuit to be investigated in Example 7.

RT= 6 k()

c. V=5LR =1R =(6mA)1kQ)=6V
VZ = lsz = I:Rz = (6 mA)(3 RQ) = IS Ay
V3 = I3R; = IJR_; = (6 mA)(Z RQ) = |2 \"
d. Pp=EI,= (36 V)6 mA) = 216 mW
e. Py=Vily = (6V)(6mA) = 36mWV
Py = 13Ry = (6 mA)*(3kQ) = 108 mW
V(2 V)?

[ Pp= Py + Py, + Py,

216 mW =36 mW + 108 mW + 72mW = 216 mW (checks)

Short and Open Circuits

The short circuit or open circuit in the network plays an important
role to simplifying the network.

(i) Short Circuit: If any two points in a network are connected directly
to each other with a conducting wire, then the two points are said to
be short circuited. The resistance of such short circuit is zero.
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short circuit

Thick
Conduction
wire

Rsc= 0 Vag =0 Network

Fig.(10) Short Circuit.
Vag=Rsc X lag =0 % 1ag =0V

(if) Open Circuit: When there is no connection between the two points
of a network, having some voltage across the two points then the two
points are said to be open circuited.

Open circuit

Ri1
A + Ing
t ° W —e—
Open circuit R R2 Network
I .
Fig.(11). Open circuit
Vap Vas

Observe that this current through open circuit is always zero through
there exist a voltage across open circuit terminals.
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Redundant Branches

o If in a circuit there are branches of elements which do not carry any
current then such branches are called redundant from circuit point of
view.

e The redundant means plus and undesirable.

e The redundant branches can be removed and these branches do not
affect the performance of the circuit.

The two important situations of redundancy which may occur in
practical circuits are,

Case 1 : Any branch across which there exists a short circuit, becomes
redundant as it does not carry any current. As shown in Figure (12)

R> A Branch AB is redundant
No current through Rs +—VWW\—2 }
R1 —
R2 I - |
I 1 +, - H\é\;v\ V‘::‘ Short
l )
Vv \ \
R3is redundant . .

B

current through
and Rs

Fig.(12)

Situation 2 : If there is open circuit in a branch, it can not carry any
current and becomes redundant as shown in figure (13).

/—-—\ Redundant
A R, B R, c branches

A AAA% AMN—o o
+ 1=0
v :) ) R, l §R4
B | 1=0
F E D
Fig(13)

34



\Voltage Division in Series Circuit Resistors

1- R =R+ R

¥

2- IT = |1 = |2 N
3- V=V +V; Ri

V=I.R = Ohms law

Vi=ITR1+ TR = T (R1 + Ry)

__Vr
R1+R >

oy

t

Vri

Vm

Vr

kR

Vi = IR Fig.(15)

R4
1+R,

YVr

V1 =&
Similarily

R,
1+R,

Vr
1 TR,

V2 = ITR> =&

)Rz=£2 YVr

Example 4: For the circuit shown in Figure (16). Find the voltage

across the three resistances

4
10 Q
+
V== 60V
B 20 ©
I
30 Q
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Solution:
V 60
Ri+R2+R3 10+ 20+ 30
Vri=1.R1 = (1A)(10Q) = 10V

Vg2 =1.R; = (14)(20 Q) = 20V
Vg3 =1.R3 = (14)(30Q) = 30V

V.D.R

Vi=IrR1= = (14)(10Q) = 10V

T
(R1+R 2+R 3) .

Current Division in Parallel Circuit Resistors

IT

' o

$ IT [1 I2

Fig.(17)

1. VT:V1:V2
1 1 1
Rt R1 Rz R3

no

R 1R

Res =R ¥R,

3. ITV= I+ 15
I= ~ (Ohms law)

VoV 1
. - — 4+ — = —+_-)V
=t (R1 Rz)
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Ry + R,

It = Vv
' ( Rl.R2
~V = (M) I
R1+Ry T

I:iz[(Rl.Rz)I]iz( R, Yl 1)
Iy Ri+R;, T Ry R1+R; T
="=1"11 =" i e (12)
2 Ry Ri+R, T R, R1+R> T
Example 5: Find the I, 1 & l2. If R1=10 Q, R2=20Q & V =50 V

IT

b IT I1 Iz
_|_
S50V—— 1002 200
Fig.(18)

Solution:

The equivalent resistance for the circuit:
RiR , (10).(20)

v 50
Ir=(—) = =7.5A
R., 667
R, 20
h=(g¥r,) Ir=7> ({500 =54
R4 10
=(g7g,) I1=75 ({3700 =254

I+ =1L+ 1,=5+25=75 A
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