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Chapter 2
Basic Laws

2.1 Ohm’s Law.

2.2 Nodes, Branches, and Loops.

2.3 Kirchhotf’s Laws:

2.4 Series Resistors.and Voltage Division.
2.5 Parallel Resistors and Current Division.
2.6 Wye-Delta Transformations.
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2.1 Ohms Law

= Ohm’s law states that the voltage across a resistor™is directly
proportional to the current i flowing through the resistor 'R.
= Mathematical expression for Ohm’s Law iswas follows:
v=IR
= The resistance R of an element denotésits abiity to resist the flow
of electric current; it is measured-in ghms ().
= Two extreme possible valugsef"R:0 (zero) and o (infinite) are

related with two basic cireuit.concepts:

a) short circuit;
_ _ i + Ji=0
b) open circuit. | l o

(a) (b)
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Types of resistors

= Fixed resistor: its resistance remains constant.

¢ There are two common types of fixed resistors:
= Wirewound, Fig. (a);
= Composition, Fig. (b), used when large resistance issneeded.

=  Variable resistor: its resistance.isvariable.
= Wirewound, Fig. (c);
= Composition, Fig. (d).

(a)

(d)
(b}
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= Conductance is the ability of an element to conduct electric eurrent; it is

the reciprocal of resistance R and is measured in siemens (S):

g l_i
Ry
v i°
.. . ; 2 2
= Power dissipated by a resistor: p=VI=I'R= R =V'G= G

AEEXEEIEKXEIEEAIEAXAIAEAXIAEALTEAALXAEALAIAEAIREITRAAAAAkhkAhkkhkrhkhrhkrhkkhkkhiikkhiikiiikkx

Example 2.1.

An electric iron draws 2 A.at 120 V. Find its resistance.

Solution:
Ri=~ = % =600
|

23-Sep-18 Dr. Hassan Ahmad



Example 2.2 |}
In the circuit shown in Fig., calculate 1, G, and p. N6y, o %{
Solution:

i:%:53503:6mA; 62%25;103:0'2””S

We can calculate the power in various ways:
p=Vi=30(6x10"°) =180 mW; or p=i°R=(6x10"°)5x10° =180 mW
p=Vv°G =(30)°0.2x10° =180 mW
e e e e e e e e e e e e Tk A Rk ke e ek ek ek e ke ek ek ek
Example 2.3
A voltage source of 20sinmt \/4IS connected across a 5-kQ resistor. Find the current

through the resistor and the power dissipated.

Solution: i:l_mzmin 7t mA

R. 5x10°°
p = vi =80sin’ 7zt mW
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2.2 Nodes, Branches and Loops

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

A node is the point of connection between two_ or
more branches.

A loop is any closed path in a circuit.

A network with b branches, n nodes,  and |
independent loops will satisfy the fundamental
theorem of network topology: b wnil

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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Example 2.3.
Determine the number of branches and nodes in the circuit shown inFig.
Identify which elements are in series and which are in parallel

Solution:

= Since there are four elements in the circuit, the circurtshassfour branches: 10 V, 5Q
62 and 2 A.

= The circuit has three nodes as identified in Fig.

= The 5-Q resistor is in series with the 10-V voltagessource because the same current
would flow in both.

= The 6-Q resistor is in parallel with the 2-A'current source because both are connected
to the same nodes 2 and 3.

50 1 50 2
—AAAN O—AWN—
10V f) gﬁﬂ DEA 10V D gﬂﬂ G 2A
C )
3
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Example 2.4

How many branches and nodes does the circuit in Fig. have? ldentifyithe elements

that are in series and in parallel.

o0
Wity

Iﬂg §2ﬂ @ 1{]\J§4§!

Solution:

Five branches and three nodes are identified‘in Fig.
The 1-Q and 2-Q resistors are in parallel:

The 4-Q resistor and 10-V source areyalso in parallel.

m§ gzn Cf:)mv§4ﬂ

C 2
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2.3 Kirchhoff’s Laws

= Kirchhoff’s current law (KCL) states that thiezalgebraic sum of
currents entering a node (or a closed boundary) I1S'zere.
N
= Mathematically, Yi,=0 = i+ (y)+iy+i, +(-ig) =0
n=1

= |n other words, KCL states that the=sum ofithe currents entering a node is

equal to the sum of the currentSfeaving the node.

I, +1y 4+, =1, +I;
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Application of KCL

A simple application of KCL is combining
current sources in parallel.

The combined current is the algebraic sum of
the current supplied by the individual sources.
For example, the current sources shown in Figq
(a) can be combined as in Fig. (b).

Applying KCL to node a:

L+l =1+, =1 =1 — I+,

A circuit cannot contain two different currents,
and , in series, unless 1, =, otherwise KCL
will be violated.
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Kirchhoff’s voltage law (KVL) states that the algebraic sum of all

voltages around a closed path (or loop) is zero. oy 2N V3
: e A
Mathematically, M
Vn = 0 ¥y _t q L)V
> @ ®

Consider the circuit in Fig.

= Suppose we start with the voltage Source and go clockwise around the loop
as shown; then voltages weuld-he —v,, + v,, +v;, —v,, and + v; in that
order.

= Thus, KVL yields —V, +V, +V, =V, +V, =0V, +V, +V, =V, +V,
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Application of KVL

When voltage sources are connected in series,
KVL can be applied to obtain the total voltage:
Consider the voltage sources shown in Fig«(a).
Applying KVL gives the combined’ or

equivalent voltage source in Fig.(b).
-V, +V,+V, -V, =0=V_ =V, +V, -V,
To avoid violating KVL,, a~circuit cannot

contain two differenttwoltages V,; and V, in

parallel unless ¥, = V..
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Example 2.5 >0

For the circuit in Fig.(a), find voltages v, and v, TR
Solution: -
. 20 V(%) 1'2§35‘£
« To find v; and v, we apply Ohm’s law, fand +
Kirchhoff’s voltage law.
e Assume that current i flows through the loop¥as (@)

shown in Fig.(b).
e From Ohm’s law, v, =2I, v,=-3 1)
« Applying KVL around the loop gives
-20+V,—Vv, =0  (2)
« By Substituting Eq.(1) inte,Ed.(2):
—20+21+3i=0=1=4A (3)
« By Substituting Eq.(3) Into Eq.(1): (b)

v, =8V, v,=-12V
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Example 2.6
Determine v, and 1 in the circuit shown in Fig.(a).

i , :
IEVC:) 4\!(::) 12"1.."@ n' d‘u’(:)
B0 B0
AT Ny
+ v, - + v, -
Solution: (a) (b)

« We apply KVL around the loop as.showmnin Fig. (b).
<12+4i+2v,-4+61=0 (1)
« Applying Ohm’s law to the 6-CQresistor gives: v =—6i  (2)

«  Substituting Eq. (2) into Eg. (1): —16+101-121=0=1=-8A

* Then, Vv, =—6x%(-8) =48V
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Example 2.7
Find current i, and voltage v, in the circuit shown in Fig.

0.5i, <+> Vg % a0 G 3A

Solution:
* Applying KCL to node a, we obtain® 3+0.5i =i, =i =6A

* For the 4-Q resistor, Ohm’silaw@ives v, =4i, =24V
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Example 2.8 20 g -l
Find currents and voltages in the circuit shown S N
y qu.(a). 30v (3 L:%EEE 1'2%5{1
Solution: - %
By Ohm’s law,
v, =8, V,=3i,, V,=6i, (1) @
- Atnode a, KCL gives i,—i,—i,=0 (2) g0 R
 Applying KVL to loop 1 as in Fig. (b), tv - }iz
—3O+V1+V2 =O (3) 3{]\;@;‘] @ 1':%39 @ L':%E,ﬂ
» Substituting from Eq. (1) into Eq.(3): - -
—30+8i,+3i, =0 =, = 30;3'2 (4) o
B B .
. Applying KVL to loop 2 -V, +V,=0=Vv, =V, or 61, =3I, =1, = > (5)

Substituting Egs..(4) and (5) into (2) gives  30-3i,
Then, 8

L =3A,i,=1A, v, =24V, Vv, =6V, v, =6V

iz—%:03i2=2A
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2.4 Series Resistors and Voltage Division

Series: two or more elements are in series if they are
cascaded or connected sequentially and consequently
carry the same current.

The equivalent resistance of any number ofuresistors
connected in a series is the sum of the individual

resistances. N
Ry =R +R, +-+Ry :ZRn
n=1

The voltage divider rule (VDR),can be expressed as
Rn
Vo= Vv
R +R, +:--+R,

Applying VDR to given Gircuit gives
R .., _ R

\, 5 =
Ryt R, R +R,

V, = v
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2.5 Parallel Resistors and Current Division

Parallel: Two or more elements are in parallel if N Node o
they are connected to the same two nodes and ~ _
consequently have the same voltage across them. " 2
The equivalent resistance of a circuit with, N " © %Fﬁ %E:
resistors in parallel is: 1 1 1 1
=—+— 4 € )
Req R, R, Ry Node b
1 1 1 RR,

= For given circuit:

=—+ :>Req:
Ry R..R R +R,

eq
= The total current i is shared(by. the resistors in inverse proportion to their

resistances.
S vy (1 1) 1
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The equivalent conductance of resistors connected in paralleiis the sum of
their individual conductance.

1 1 1 1
t+— G, =G +6,+ G+ + G

=—+
Req Rl RZ I:QN

Given the total current i entering node a in Figs, how do we obtain current

I,and i,?

The current divider rule (CDR).

4 . Node a
S P
. . RR, . v .o " 2
V=IR, =1 == = v () 2 :
R +R, R, R, P =
: R, . : R )
=i, =——=—1 and i,=~—1=1 e
Ty , +R, '
Gl GZ Gn

I, I, =" '
G+ G, G, +G, G +G, +---+G,
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Example 2.9
Find R, for the circuit shown in Fig.

Solution:

601130 = 25 _ 20
6+3

13 + 50 = 60

20+ 2Q) = 40)

101160=228 240
446

Ry = 4Q+2.40+8Q = 14.40)
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Example 2.10

Find the equivalent conductance G, for the circuit

In Fig.(a).

Solution:

« The 8-S and 12-S resistors are in parallel, so
8S+125=20S

e This 20-S resistor 1S now in series with 5 S as
shown in Fig. (b),s0 205

20+5
e This 4-S is in parallel with the\6-S, resistor.
rigace, G,, =6+4=10S
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Example 2.11

Find i, and v, in the circuit shown in Fig.(a). ;*{1»5» @ o
Calculate the power dissipated in the 3-Q resistor. ) +
: . 12V 60 Yo =30
Solution: 602([3Q) = 6x3 20 2 _%
6+3

Because the resistors 6-Q and 3-Q are in parallel;
therefore they have the same voltage v,

So, we can obtain v, in two ways. —> O
One way is to apply Ohm’s law to get: !
R ¥y
=12 oAy —2i—2%244V 2v @ 02 20
4+2

and, v0=3i0=4:>i0=%A

Another way is to apply voltage division (VDR) and current division (CDR) to
the circuit, then _ 2 12V)=4vV, i - 6 i:g(ZA) =ﬂA
2+4 6+3 3 3

0

: 4
The power dissipated in the 3-Q resistoris P, =V,l, = 4(§j =5.333 W
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Example 2.12 oY
For the circuit shown in Fig.(a), determine: s0ma @ e s Euk
a) the voltagev,, 7 2

b) the power supplied by the current source,

c) the power absorbed by each resistor. (a)

Solution: o2

The 6-k Q and 12-k Q in series =» 6 + 12 = 18 kQ. bi

Thus =» Fig.(b). Now, apply the current division technique 3o ma (}) ~+§ 9 kQ %‘IB k2
to find i, and i, !
3 3
=040 aomay=20mA, =Tt
(9+18)x10 (9+18)x10

Notice that the voltage across thes9-k€ and 18<kQ resistors is the same, and
Vv, = 9,000i, = 18,000i, = 180 V, as expected.
Power supplied by the source is«~ p, =V i, =180V x30mMA =5.4W
Power absorbed by the 12-kQ resistor is
p=iv=i,(i,R) =i R = (10x107°)*(12x10°) =1.2W
Power absorbed by the 6-kQ resistor is D= |2 R — (10><10‘3) (6 ><103) —0.6W

Power absorbedby the 9-kQ resistor is V2

(30mA) =10mA N

p =iV, =2y, =2 = (10x10"°)? (6 x10°) = 3.6W

— o
Power supplied: = theqpower absorbed = 3.6 W R R
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2.6 Wye-Delta Transformations

Delta to Wye (Star) Conversion Wye (Star) tonDelta»Conversion
A—>Y Y. oA
R,
= RR, a WS N\, o RR, +R,R, +R,R,
Ra + Rb + RC Ry /Ejil*‘ a Rl
R.R, N RR, +R,R, + R,R,
= R — 2 2 '3 3
* R, +R +R, R.% ) b R,
R, = Rk g A ~ _RR,*RR+RR
R,+R, +R. ¢ R,

The Y and A networks are said to be balanced when
R=R,=R,=R,, R, =R, =R, =R,

RY:% or R, =3R,
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Example 2.13
Convert the A network in Fig. (a) to an equivalent Y network.

"
Lt

Solution: @) (b)
R = RR,—_ 10x25 _£0

R,+R,+R,  15+10+25
R - RR, _ 25x15 2 50)

R,+R, +R., 15+10+25

R.R 15%x10 The equivalent Y network

R3 u a_ b — =30 ] ) )

R.+R +R, 15+10+25 Is shown in Fig.(b).
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Example 2.14
Convert the Y network in Fig. to an equivalent A network.

300 200
a o—AW MAN—O b
3500
Solution: J.::
R - RR, + R,R; + RsR, 3020 +30x50+20x50 103.30
R, 30
R = RR, +R,R; + R;R, 30%20+30x50+ 2050 _1550)
R, 20
R = RR, + RE{R3 +R;R, _ 30 x 20+305><050+20><50 _ 620
3
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The emnd of chapter 2
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