
Lesson 2: Ohm’s Law,
KCL, and KVL
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Ohm’s law
 Georg Simon Ohm (1787-1854) investigated the

relation between voltage and current in materials
of different lengths and thicknesses.

 Ohm discovered that the voltage v across a
resistor is directly proportional to
the current i flowing through the
resistor.
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Ohm’s law
 Ohm defined the constant of proportionality to be

the resistance R.

 Thus, Ohm’s law is given

 The resistance (R) of an element denotes its
ability to resist the flow of electric current. It is
measured in ohms ().
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Passive sign convention
 Recall that resistors are passive elements, not

capable of supplying power.

 Resistors must comply with the passive sign
convention, thus current must flow from higher to
lower potential.

power being
absorbed



Resistivity
 For a resistor with cross-sectional area A and

length , the resistance R is given

where  is the resistivity in ohm-meters.
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Resistivity of materials
 Resistivity is a material property and a function

of temperature.

1016Teflon3500  10-8Carbon

5  1014Amber12.30  10-8Iron

1013 - 1016Hard rubber5.485  10-8Tungsten

1010 - 1014Glass2.8  10-8Aluminum

108 - 1014Wood2.45  10-8Gold

 500Silicon1.72  10-8Copper

20-2300Germanium1.64  10-8Silver
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Visualizing resistance
 Graphically, resistance is simply the slope of the

plot of voltage vs. current.

 This leads us to consider two special cases…



Short circuit
 If R = 0 , then v = iR = 0.

 A short circuit is a circuit element with
resistance approaching zero.

 In practice we consider connecting wires to be perfect
conductors or short circuits.



Open circuit
 If R = , then

 An open circuit is a circuit element with
resistance approaching infinity.

 The current through any open circuit is zero but the
voltage could be anything.
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Types of resistors
 Two main categories of resistors are fixed and

variable.

 Fixed resistors have an essentially constant
value of resistance.

 Types

Molded carbon composition – cheap, large variations

Metal film, metal oxide – precision

Wire-wound – high power dissipation

 Integrated circuit - miniature



Fixed resistors



Variable resistors
 Variable resistors have an adjustable value of

resistance and have two principle functions
 Potentiometers (pots) are used to adjust voltage.

 Rheostats are used to adjust current.

 Variable resistors have three terminals.
 Resistance between outer terminals is constant.

 Resistance between center and outer terminals varies
with wiper position.
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Non-ideal resistance
 A nonlinear resistance does not obey Ohm’s law.

 Examples include light bulbs and diodes.

 In this book we assume all elements designated
as resistors are linear.

Linear resistance Nonlinear resistance



Conductance
 Conductance (G) is the ability of an element to

conduct electrical current.

 Conductance is the reciprocal of resistance and
given by

 The unit of conductance is the
siemen (S)

 Previously, the unit of conductance
was the mho (ohm spelled
backwards).
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Werner von Siemens



Power in resistors
 The power dissipated by a resistor is given by

 Note that

 Power dissipated by a resistor is a non-linear function
of either voltage or current.

 Power dissipated by a resistor is always positive,
consistent with the idea that a resistor is a passive
element, incapable of generating energy.
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Example Problem 1

In the circuit below, calculate i, the conductance
G, and the power p.



Network topology
 Network topology refers placement of elements

in the network (circuit) and the geometric
configuration of the network.

 Consider the equivalent circuits drawn below.



Network topology
 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.

nodes (3) a, b, c branches (5)



Network topology
 A loop is any closed path in a circuit.

 A loop is said to be independent if it contains at
least one branch which is not part of any other
independent loop.

Independent
loops (3)



Network topology
 A network with b branches, n nodes, and l

independent loops will satisfy the fundamental
theorem of network topology:
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Series
 Network topology is useful in describing series

and parallel elements.

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

i1

5- and 10V
are in series



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.

2-, 3-, and 2A
are in parallel



Example Problem 2

Determine the branches and nodes of the circuit
below. Identify the elements in series and in
parallel.



Kirchhoff’s laws
 Ohm’s law by itself is insufficient to analyze

circuits.

 However, when combined with Kirchhoff’s two
laws, we have a powerful set of tools to analyze
a large variety of circuits.

Gustav Robert Kirchhoff
1787-1854



Kirchhoff’s current law
 Kirchhoff’s current law (KCL) states that the

algebraic sum of currents entering a node (or a
closed boundary) is zero.

 Mathematically, KCL implies
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Kirchhoff’s current law
 Currents entering a node are positive and those

leaving a node are negative.

 KCL can also be stated as “the sum of currents
entering a node is equal to the sum of currents
leaving the node.”
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Kirchhoff’s voltage law
 Kirchhoff’s voltage law (KVL) states that the

algebraic sum of all voltages around a closed
path (or loop) is zero.

 Mathematically, KVL implies
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Kirchhoff’s voltage law
 The sign on each voltage is the polarity of the

terminal as we travel around the loop.

 KVL can also be stated as “the sum of the
voltage drops equals the sum of voltage rises.”
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Example Problem 3

For the circuit below, find voltages v1 and v2.



Example Problem 4

For the circuit below, find vo and i.



Example Problem 5

Find the voltages and currents indicated below.



Circuit analysis toolbox

Circuit analysis toolbox

Ohm’s law

KVL

KCL


