Notes on

Basic Circuit Theory
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It is the difference in electrical potential between two points

Current
B i A
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It is the charge flowing in a section of a conductor per unit time:
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Kirchoff’s Voltage Law (KLV)

_____________

ik O

Veat Vegt Ve = 0

VAC - VBC T VAB

like “quotes” on a drawing



Kirchoff's Current Law (KLI)

special case: Node's Law

I+ iti.=0

like a flow of a liquid




Sign Conventions

Active Sign Convention:

i I v and i/ arrows have the same direction

i i P=vi

P : electrical power delivered by the device

Passive Sign Convention:

| | v and i arrows have opposite directions

i i P=vi

P : electrical power absorbed by the device




Basic Circuit Elements

|deal Resistor

Passive Sign Convention:

/
A Y

v| =R v =RI

Ohm’s Law

Active Sign Convention:

A

]

v| =R v =-RJ

Ohm’s Law




Basic Circuit Elements

|deal Capacitor

Passive Sign Convention:

I
dv
VT / dt
Active Sign Convention:
I
dv
= C | =-C ——
v dt




Basic Circuit Elements

Ideal Inductor

Passive Sign Convention:

I
di
L = | —
vV v=L di
Active Sign Convention:
I
di




Basic Circuit Elements

|deal Voltage Source

V=V
JIOX “

independently of

special case: if v,=0

. . short circuit (i.e. an ideal wire)

Ideal Current Source

=i,

independently of v

special case: if i,=0

. e . open circuit (i.e. no electrical connection)




Basic Circuit Elements

Switch
ON state
equivalent to a short circuit
i i (i.e. an ideal wire)
OFF state

y equivalent to an open circuit
(i.e.two unconnected points)




Resistor Connections

Series Connection

Two resistors are connected in series if
- they share one terminal (A),
- such a terminal is not connected to nothing else

Y —.

by Ohm’s Law
vi=R1i1

11 v2=R2 i2
+ V1 § R1 by KLI

i=i1=i2
A by KLV

vy |2 s
v=v1+v,
§ R2 Va as a consequence

v=R1i+R2]
+ = (R1+R2)i (*)
- =R_i

Two resistors in series are equivalent (for external effects)
to a single resistor with a resistance

R..=R1+R2

Replacing two resistor in series with the equivalent resistor, node A is lost.
Node A voltage can be expressed in terms of the overall voltage v across the series-connected resistors

. %
v,=v2=R2i2=R2i, from(*): I= R1+R2

R2
V,= %
R1+R2

Voltage Divider Rule



Resistor Connections

Shunt Connection

Two resistors are connected in shunt if they share both terminals

A

Y I1 Y 12
v vl | = R1v2| = R2

by Ohm’s Law
vi=R1i1 v2=R2i2
by KLI
=i1+i2
by KLV
v=v1=v2
as a consequence

i=v/IR1T +v/R2
= v(1/R1+1/R2)
= V/Rgq (*)

Two shunt-connected resistors are equivalent (for external effects)

to a single resistor with a resistance

1

R1R2

REQ= 1 N 1 -

R1  R2

R1+R2

Current i1 can be expressed in terms of the overall current j

1=v1/R1 = v/R1 f *): - R1RZ ,
I11=v =V rom (*): v= R1+R2’
. R2 .
1= /
R1+R2

Current Divider Rule



Exercises

+

Ok

AN\ —
R2 = i4

R3§‘v3 < Ra

/\/\/
R5
Ex. 1: Evaluate v3 and /4
R6
/\/\(
.. R1
i1
> W
R2 = i4
/ Y v7 ‘ § R7
R3 < ‘v3 < R4
/\/\/
R5

Ex.2: Evaluate i1, v3, i4 and v7



Superposition Principle

RO

RS

In any linear circuit which includes more that one independent source, each
output can be expressed as the sum of the contributions of each source.

vO=vOo +vo’+vo”’

The contribution of a source to the output is the value of the output in the circuit
when the considered source is active, while the other sources are turned off.

a voltage source, when it is turned off, is equivalent to a short circuit
a current source, when it is turned off, is equivalent to an open circuit




Superposition Principle

Contribution of v1 (vo’)

R1
VY ’ |
+ R2 %
() v1
R3§ VO %R4
—,
R5
, (R2+R3)//R5 R3
vo’' = v1

R1+(R2+R3)//R5 R2+R3

Contribution of v2 (vo”)

R1
W
R2 = +
C) V2
R3 < ‘vo % R4
| AN—
R5
, (R2+R3)//R1 R3
vo” = V2

R5+(R2+R3)/R1 R2+R3



Superposition Principle

Contribution of i3 (vo™)

R1
4\/%
R2 = i3
R3<|vo = R4
/\/\(
R5
R3

vo” = - R1/R5//(R2+R3)

R2+R3

I3



Superposition Principle

Overall Circuit

R1
—A\—
+ R2 = i3 +
C) v1 <> V2
R3 § VO R4
/\/\(
R5
vo=vo’'+vo’+vo”’
(R2+R3)//R5 R3
Vo= vl +
R1+(R2+R3)/R5 R2+R3
(R2+R3)/R1 R3
+ v2 +
R5+(R2+R3)/R1T R2+R3
- R1/R&5//(R2+R3) R3 I3

R2+R3



R1

Exercises

+

/\/\(

N
_/
R2= V

Y

i4

R3§‘v3 < R4

/\/\/
R5
Ex. 1: Evaluate v3 and 4
ia
I ib
., R1 -
i1 S
R2 = i4 Vv
! v7‘§ R7
R3§‘v3 =< R4
/\/\/
R5

Ex.2: Evaluate i1, v3, i4 and v7
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