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Ohm'’s Laws

Resistance and Resistivity

The physical property, or ability to re- \/\ i
sist current, is known as resistance and v I
is represented by the symbol R. The re- N 'T"
resistivity p
TABLEL|  Resistivities of common materials

sistance of any material with a uniform ../
. . . area 4
cross-sectional area A and length [ is gi-

ven as . .
Material Resistivity (Q-m) Usage
Silver 1.64 x 1078 Conductor
Copper 1.72 x 1078 Conductor
R — p* ) Oth (Q) Aluminum 2.8x 1078 Conductor
A Gold 245x10°¢ Conductor
Carbon 4x107° Semiconductor
. R Germanium 47 x 1072 Semiconductor
where p is known as the resistivity of the siicon 6Ax10  Semiconductor
Paper 10° Insulator
H H Mica 5 x 101 Insulator
material in ohm-meters. e s Tsuator
Teflon 3 x 1012 Insulator
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Ohm'’s Laws

Ohm’'s Law

Ohm'’s law states that the voltage v across a resistor is
directly proportional to the current i flowing through
the resistor. Georg Simon Ohm (1787-1854)

x

— IRR=Y 10=1V/A

Since the value of R can range from zero to infinity, it
is important that we consider the two extreme possible

values of R. An element with R = 0 is called a short A fi=0
circuit. For a short circuit, v = iR = 0 showing that v Reen
the voltage is zero but the current could be anything. -

Similarly, an element with R = oo is known as an open
circuit, for an open circuit i = v/R = 0.
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Ohm'’s Laws

Conductance

Definition: Conductance is the ability of an element to conduct
electric current; it is measured in mhos () or Siemens (S).

G=—= L 1S=10=1A/V

p = i°PR=
v2G =

AR AY

Example: For the circuit shown,
calculate the voltage v, the L
conductance G, and the power p. 2 @ 10ke 2
Answer: 20 V, 100 uS, 40 mW.
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Nodes, Branches, and Loops

Definitions

m Branch: A branch represents a single element
such as a voltage source or a resistor

m Node: A node is the point of connection
between two or more branches

m Loop: A loop is any closed path in a circuit
m Two or more elements are in series if they are

cascaded or connected sequentially 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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Ohm'’s Laws Nodes, Branches, and Loops Kirchhoff’s Laws Series and Parallel Re

introduction

m Ohm'’s law by itself is not sufficient to analyse circuits.
However, when it is coupled with Kirchhoff's two laws, we
have a sufficient, powerful set of tools for analysing a large
variety of electric circuits.

m Kirchhoff's laws were first introduced in 1847 by the German
physicist Gustav Robert Kirchhoff (1824-1887).

m These laws are formally known as Kirchhoff's current law
(KCL) and Kirchhoff's voltage law (KVL).

m Kirchhoff's first law (KCL) is based on the law of conservation
of charge, which requires that the algebraic sum of charges
within a system cannot change.

m Kirchhoff's second law (KVL) is based on the principle of
conservation of energy.
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Kirchhoff's Laws

Kirchhoff's Current Law (KCL)

KCL: states that the algebraic sum of currents entering a node (or a
closed boundary) is zero.

where N is the number of branches connected to the node and in is
the nth current entering (or leaving) the node.

®: ®: @
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Kirchhoff's Laws

Kirchhoff's Voltage Law (KVL)

KVL: states that the algebraic sum of all voltages around a closed
path (or loop) is zero.

M
> =0
m=1

where M is the number of voltages in the loop (or the number of
branches in the loop) and v, is the mth voltage.
Example:. —vi+VvVo+v3—va+vs5 =0, or vo +v3 4+ v5 = v + w4,
i.e., sum of voltage drops = sum of voltage rises

O
a
" @ ¥
O A B=R+ 17,

b o b
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Series and Parallel Resistors

Series & Voltage Division

The equivalent resistance of any number of resistors connected in
series is the sum of the individual resistances. For N resistors in
series then,

N
Req:Rl+R2+“'+RN:ZRn
n=1

Notice that the source voltage v is divided among the resistors in
direct proportion to their resistances; the larger the resistance, the
larger the voltage drop. This is called the principle of voltage
division, and the circuit in Fig. 2.29 is called a voltage divider.

Rn
R+ R+ +Ry

Vn

v
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Series and Parallel Resistors

Parallel & Current Division

The equivalent resistance of two parallel resistors is equal to the
product of their resistances divided by their sum.

. RiR
TR+ R
1 1 1 1 R
I T I Ro—=— ifRi=Ry=---=Ry=R
Req R1+R2+ +RN:> e = T 1 2 N

The equivalent conductance of resistors connected in parallel is the
sum of their individual conductances.

Geg=G1+ G+ -+ Gy

Roi . Rii

S RIR T RAR
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Series and Parallel Resistors

Example

Find Req
Answer 14.4Q

40
SN ’v—'_“-"fv\—J

»\, W

Req

8Q
o AAAA
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Conclusions

Conclusion

Concluding remarks

Basic circuits laws are studied
These laws include, Ohm’s law, Kirchhoff’s two laws

Series and parallel connections of resistors are discussed
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Voltage and current divisions are identified as a result of series
and parallel resistors connection respectively

Some illustrative examples are given.
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