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Learning Objectives

By using the information and exercises in this chapter you will be

able to:

1. Know and understand the voltage current relationship of
resistors (Ohm’s law).

2. Understand the basic structure of electrical circuits, essentially
nodes, loops, and branches.

3. Understand Kirchhoft’s voltage and current laws and their
importance in analyzing electrical circuits.

4. Understand series resistances and voltage division, and parallel
resistances and current division.

5. Know how to convert delta-connected circuits to wye-connected
circuits and how to convert wye-connected circuits to delta-
connected circuits.
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- Chapter 2

B ohm’s Law.
B Nodes, Branches, and Loops.
B Kirchhoff’s Laws.

B Series Resistors and \oltage
Division.

.

B Parallel Resistors and Current
Division.
i Wye-Delta Transformations.




2.2 Ohms Law (1)

* The resistance R of any material

o}
/b} l' with a uniform cross-sectional
RzPA) s area A depends on A and its
vIR length 2.
Material with
resistivity p
Cross-sectional
area A ©
(a) (b)

* pisknown as the resistivity of
(a) Resistor, (b) Circuit symbol for resistance. the material in ohm-meters.



2.1 Ohms Law (2)

circuit concepts: short circuit(sc) and open circuit(oc).

Q
® Ohm'’s law states that “the voltage v across a resistor
is directly proportional to the current j flowing
through the resistor”. (v « i)
. . . +
® Mathematical expression for Ohm’s Law is as
follows: v R
v=1* R —
® Two extreme possible values of
V= 0(sc) and = o (oc) are related with two basic
R =0 R = &

H‘



2.1 Ohms Law (3)

@
O

(a) Short circuit (R =0) (b) Open circuit (R = o0).

A short circuit is a circuit element with An open circuit is a circuit element with
resistance approaching zero (R = 0). resistance approaching infinity (R = 0).



(b)

Fixed resistors: (a) wirewound type,
(b) carbon film type.
Mark Dierker/McGraw-Hill Education

2.1 Ohms Law (4)

V=IxR

W59 BN

Ability to resist current (/) is known as resistance (R)
measured in ohms (Q) 8



2.1 Ohms Law (5)

Conductance is the ability of an element to conduct
electric current; it is the reciprocal of resistance R

and is measured in mhos or siemens.

G_l_l
R v

The power dissipated by a resistor: (always positive)




2.1 Ohms Law (6)

Ex.1 Calculate the voltage v, the conductance G, and the power p.

*i
_|_
\%

3mA (}) 10 kO

30 V, 100 umho, 90 mW.



2.2 Nodes, Branches and Loops (1)

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

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

® Aloop 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=1+n-1 ®
10V

2A
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2.2 Nodes, Branches and Loops (2)

Ex.2 How many branches, nodes and loops are there?

g 5Q b
—VWW— ' )
ov(®) 20 39% }) 2a
& ® ® ®

Original circuit

b=1+n-1
5=34+3—] Equivalent circuit 22




2.2 Nodes, Branches and Loops (3)

Ex.3 How many branches, nodes and loops are there?

Should we consider It as one
branch or two branches?

13



2.2 Nodes, Branches and Loops (4)

Ex.4 How many branches, nodes and loops are there?

10 40
o—\WW— —

8 0 §5Q CFLA
—l>
b=1[1+n-1

6=3+4-1 !




2.3 Kirchhoff’s Laws (KCL)

/Closed boundary

Gustav Robert Kirchhoff

2 O >+ s

e Kirchhoff’s current law (KCL):
algebraic sum of currents
entering a node (or a closed
boundary) is zero.

Pixtal/age Fotostock

Applying KCL to a closed boundary. Currents at a node 1illustrating KCL i — O
n

15




2.3 Kirchhoff’s Laws (KCL)

=1+ 14
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2.3 Kirchhoft’s Laws (KVL)

W A~ * Kirchhoff’s voltage law
% Y (KVL): algebraic sum of all

. Vvoltages around a closed
&3 path(orloop)is ZERO.

M
A
Ry Uy =0
m=1

V,Vy 6+VyV,-4=0




2.3 Kirchhoff’s Laws (KVL)

Ex.5 Applying the KVL equation for the circuit of the figure
below.

=
©
O

<

-V, +V,+Vs-V,+Ve= 0
V,+V,= Vy+Vg+Ve



2.3 Kirchhoff’s Laws (KVL)

Ex.6 Applying the KVL equation for the circuit of the figure
below.

a O—
—
O v
o v,
Gr , Vi C: Ve=Vi+ Vp— Vs
b o—ro b o—
(@) (b)



2.3 Kirchhoff’s Laws (KVL)

Ex.7 Find v, and v, in the circuit

4 €

A
V1'8'V2'34: O + V1 -
Vy-V,= 42 34v(t )8V

v,=4i, v,= -2i

.|.V2_
VW
2 €

i=7A,v,= 28V, v,=-14V



.4, Series Resistors and Voltagé 3|V|S|on~(1)

Series: Two or more elements are in series Q‘ ‘

If they are connected sequentially and J
consequently carry the same current.

® The equivalent resistance (R.,) of any
number of resistors connected In a series IS
the sum of the Individual resistances.

® The voltage divider can be expressed as
Ry
(%
Rl + Rz + +RN

Un =



4 Series Resistors and Volta |v§|on

V and 5Q are in sefies



Parallel Resistors and Current Division (1)

* Parallel: Two or more elements are in
parallel if they are connected to the
same two nodes and consequently
have the same voltage across them.

* The equivalent resistance of a circuit
with N resistors in parallel is :
1

1 1 1
— =4 —+4--- +—
Req R4 R; Ry

* The total currentjis shared by the
resistors in inverse proportion to
their resistances. The current divider

can be expressed as
v IR

___ ¢4

™ "R, Rn

23



Parallel Resistors and Current Division (2)

1 1 1 R1R
° e I - Req — 172
. 1 _ 1 | 1 +i
Req¢ R1 Rz R3
R1R;R;3

— R

°d = R.Rs + R Rs + R{R,

24



Parallel Resistors and Current Division (3)

Ex.q 20,3 Qand2A

are 1n parallel

& 50 /7<

b
* ®

ov @& % %

-




2.6 Wye-Delta Transformations

A—Y Y — A
o RyR, o o _RiR+ RoRs + RsRy
Y (Ry+Rp +R,) a R,
o R.R, o g _ PR+ RaRs + RsRy
* " (Ra+ Ry +Ro) ’ Rz
p R,R, o p _FRiRetRoRs +RsRy
> (Ry+ Ry, + Ry ¢ R,
RC
a AWV b
R, Ry
n
R}, R,

26



2.7 Problems(1)
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l, b [ ,=2+4-10=-6 A

3Q oV 5Q iy
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2.7 Problems(2)

|I=v/R=(-8+30+10)/(3+5)=4 A

V,,=30-12+10=28 "V % V _ ;=20+8=28V
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