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The �ve nodes are labelled

A, B, C, D, E where E is the

referene node.

Eah omponent that links a pair

of nodes is alled a branh of the

network.

Kirho�'s Voltage Law (KVL) is a onsequene of the fat that the work

done in moving a harge from one node to another does not depend on the

route you take; in partiular the work done in going from one node bak to

the same node by any route is zero.

KVL: the sum of the voltage hanges around any losed loop is zero.

Example: VDE + VBD + VAB + VEA = 0

Equivalent formulation:

VXY = VXE − VY E = VX − VY for any nodes X and Y .



Kirho�'s Current Law

2: Resistor Ciruits

Kirho�'s Voltage

Law

⊲

Kirho�'s Current

Law

KCL Example

Series and Parallel

Dividers

Equivalent

Resistane: Series

Equivalent

Resistane: Parallel

Equivalent

Resistane: Parallel

Formulae

Simplifying Resistor

Networks

Non-ideal Voltage

Soure

Summary

E1.1 Analysis of Ciruits (2017-10110) Resistor Ciruits: 2 � 3 / 13

Wherever harges are free to move around, they will move to ensure harge

neutrality everywhere at all times.

A onsequene is Kirho�'s Current Law (KCL) whih says that the urrent

going into any losed region of a iruit must equal the urrent oming out.

KCL: The urrents �owing out of any losed region of a iruit sum to zero.

Green: I1 = I7

Blue: −I1 + I2 + I5 = 0

Gray: −I2 + I4 − I6 + I7 = 0
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The urrents and voltages in any linear iruit an be determined by using

KCL, KVL and Ohm's law.

Sometimes KCL allows you to determine urrents very easily without having

to solve any simultaneous equations:

How do we alulate I ?

KCL: −1 + I + 3 = 0
=⇒ I = −2A

Note that here I ends up negative whih means we hose the wrong arrow

diretion to label the iruit. This does not matter. You an hoose the

diretions arbitrarily and let the algebra take are of reality.
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Series: Components that are onneted in a hain so that the same urrent

�ows through eah one are said to be in series.

R1, R2, R3 are in series and the same

urrent always �ows through eah.

Within the hain, eah internal node

onnets to only two branhes.

R3 and R4 are not in series and do not

neessarily have the same urrent.

Parallel: Components that are onneted to the same pair of nodes are said

to be in parallel .

R1, R2, R3 are in parallel and the same

voltage is aross eah resistor (even

though R3 is not lose to the others).

R4 and R5 are also in parallel.
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VX = V1 + V2 + V3

= IR1 + IR2 + IR3

= I(R1 +R2 +R3)

V1

VX
= IR1

I(R1+R2+R3)

= R1

R1+R2+R3

= R1

RT

where RT = R1 +R2 +R3 is the

total resistane of the hain.

VX is divided into V1 : V2 : V3 in the proportions R1 : R2 : R3.

Approximate Voltage Divider:

If IY = 0, then VY = RA

RA+RB
VX .

If IY ≪ I, then VY ≈ RA

RA+RB
VX .
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Parallel resistors all share the same V .

I1 = V
R1

= V G1 where G1 = 1
R1

is the ondutane of R1.

IX = I1 + I2 + I3

= V G1 + V G2 + V G3

= V (G1 +G2 +G3)

I1
IX

= V G1

V (G1+G2+G3)
= G1

G1+G2+G3

= G1

GP

where GP = G1 +G2 +G3 is the total ondutane of the resistors.

IX is divided into I1 : I2 : I3 in the proportions G1 : G2 : G3.

Speial ase for only two resistors:

I1 : I2 = G1 : G2 = R2 : R1 ⇒ I1 = R2

R1+R2

IX .
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We know that V = V1 + V2 + V3 = I(R1 +R2 +R3) = IRT

So we an replae the three resistors

by a single equivalent resistor of

value RT without a�eting the

relationship between V and I.

Replaing series resistors by their

equivalent resistor will not a�et any

of the voltages or urrents in the rest

of the iruit.

However the individual voltages V1,

V2 and V3 are no longer aessible.
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Similarly we known that I = I1 + I2 + I3 = V (G1 +G2 +G3) = V GP .

So V = IRP where RP = 1
GP

= 1
G1+G2+G3

= 1
1/R1+1/R2+1/R3

We an use a single

equivalent resistor of

resistane RP without

a�eting the

relationship between

V and I.

Replaing parallel resistors by

their equivalent resistor will not

a�et any of the voltages or

urrents in the rest of the iruit.

R4and R5 are also in parallel.

Muh simpler - although none of the original urrents I1, · · · , I5 are now

aessible. Current IS and the three node voltages are idential.
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For parallel resistors GP = G1 +G2 +G3

or equivalently RP = R1||R2||R3 = 1
1/R1+1/R2+1/R3

.

These formulae work for any number of resistors.

� For the speial ase of two parallel resistors

RP = 1
1/R1+1/R2

= R1R2

R1+R2

(�produt over sum�)

� If one resistor is a multiple of the other

Suppose R2 = kR1, then

RP = R1R2

R1+R2

=
kR2

1

(k+1)R1

= k
k+1R1 = (1− 1

k+1 )R1

Example: 1 kΩ || 99 kΩ = 99
100 kΩ =

(

1− 1
100

)

kΩ

Important: The equivalent resistane of parallel resistors is always less than

any of them.
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Many resistor iruits an be

simpli�ed by alternately ombining

series and parallel resistors.

Series: 2 k + 1 k = 3 k

Parallel: 3 k || 7 k = 2.1 k

Parallel: 2 k || 3 k = 1.2 k

Series: 2.1 k + 1.2 k = 3.3 k

Sadly this method does not always

work: there are no series or parallel

resistors here.
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An ideal battery has a harateristi that is

vertial: battery voltage does not vary with

urrent.

Normally a battery is supplying energy so V

and I have opposite signs, so I ≤ 0.

An real battery has a harateristi that has

a slight positive slope: battery voltage

dereases as the (negative) urrent inreases.

Model this by inluding a small resistor in

series. V = VB + IRB .

The equivalent resistane for a battery

inreases at low temperatures.
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� Kiho�'s Voltage and Current Laws

� Series and Parallel omponents

� Voltage and Current Dividers

� Simplifying Resistor Networks

� Battery Internal Resistane

For further details see Hayt Ch 3 or Irwin Ch 2.
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