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Ohm’s Law
Kirchhoff’s Current Law (KCL)
Kirchhoff’s VVoltage Law (KVL)



Objectives of the Lecture

* Present Kirchhoff’s Current and Voltage Laws.

 Demonstrate how these laws can be used to
find currents and voltages In a circuit.

« Explain how these laws can be used In
conjunction with Ohm’s Law.



Resistivity, p

 Resistivity Is a material property
— Dependent on the number of free or mobile charges

(usually electrons) in the material.

* In a metal, this is the number of electrons from the outer
shell that are 1onized and become part of the ‘sea of
electrons’

— Dependent on the mobility of the charges
« Mobility is related to the velocity of the charges.

* It is a function of the material, the frequency and
magnitude of the voltage applied to make the charges
move, and temperature.



Resistivity of Common Materials at Room Temperature (300K)

Resistivity (Q-cm)

Silver 1.64x108 Conductor
Copper 1.72x108 Conductor
Aluminum 2.8x108 Conductor
Gold 2.45x108 Conductor
Carbon (Graphite) 4x10° Conductor
Germanium 0.47 Semiconductor
Silicon 640 Semiconductor
Paper 1010 Insulator

Mica 5x10%! Insulator

Glass 1012 Insulator

Teflon 3x1012 Insulator



Resistance, R

 Resistance takes into account the physical

dimensions of the material L

—where:

e L iIs the length along which the
| carriers are moving

A

« A IS the cross sectional areathat the
free charges move through.



Ohm’s Law

 Voltage drop across a resistor Is proportional to
the current flowing through the resistor

V=IR
Units: V = AQ
where A = C/s



Short Circuit

* |f the resistor Is a perfect
conductor (or a short
circuit)

R=0Q,

+ e then

V=IR=0V

— — no matter how much

current is flowing through
the resistor



Open Circuit

* |f the resistor Is a perfect
insulator, R = oo Q)

e then

i = lim — =0

\ R —> o

— no matter how much
voltage is applied to (or
dropped across) the
resistor.



Conductance, G
« Conductance is the reciprocal of resistance
G=Rl=iN
— Unit for conductance is S (siemens) or (mhos, ())

G = Ac/L
where o Is conductivity,
which is the inverse of resistivity, p
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Power Dissipated by a Resistor

p=iv=i(iR) = iR
p=1iv=(V/IR)v=V¥R
p=1iv=Ii(i/G) = i¥/G

p=iv=(VG)v=VvG
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Power (con’t)

 Since R and G are always real positive numbers
— Power dissipated by a resistor is always positive

» The power consumed by the resistor Is not
linear with respect to either the current flowing
through the resistor or the voltage dropped
across the resistor

— This power Is released as heat. Thus, resistors get
hot as they absorb power (or dissipate power) from
the circuit.
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Short and Open Circuits

» There Is no power dissipated in a short circuit.

0. = VR = (0V)2(0Q)) = OW

» There Is no power dissipated In an open circuit.

Poc = IZ/R = (OA)Z/(OOQ) =0W
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Circuit Terminology

Node

— point at which 2+ elements have a
common connection

- e.g., node 1, node 2, node 3 ®
Path
— aroute through a network, through nodes

that never repeat
e 0., 1-3-2,1-52-3

Loop

— a path that starts & ends on the same node

* e.0.,3—1-2-3
Branch CD

— asingle path in a network; contains one

element and the nodes at the 2 ends
¢ e.0.,1-2, 153,352

|
3
2
(a)
|
3
2
(b)
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Exercise

e For the circuit below:

a. Count the number of circuit elements.

b. If we move from B to C to D, have we formed a path
and/or a loop?

c. Ifwe move from E to D to C to B to E, have we formed a
path and/or a loop?

A B C F
AL, G

+
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Kirchhoff’s Current Law (KCL)

« Gustav Robert Kirchhoff: German university
professor, born while Ohm was experimenting

 Based upon conservation of charge

\ — the algebraic sum of the charge
Zin =0 within a system can not change.

=l where Nisthetoral — LNE @lgebraic sum of the currents
numberof branches - antaring any node IS zero.

connected to a node.

i — i Q+@—Q—@:0
enter leave

node node —l,—ip+i,+ip, =0

"
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Kirchhoff’s VVoltage Law (KVL)

 Based upon conservation of energy

— the algebraic sum of voltages dropped across components
around a loop Is zero.

— The energy required to move a charge from point A to point
B must have a value independent of the path chosen.

M A
Y v=0 +
m=1

Where M is the total number
of branches in the loop.

Z v drops - Z v rises
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Example-01

* For the circuit, compute the current through Rs
If It 1Is known that the voltage source supplies a

current of 3 A. R
—\\N\—2

. Use KCL A |}
1ov<f> R2§ R3§ CDSA

3JA 5A

» o

R, | |24 %lz
10V D R, Ry Q 5A

3 —2—i45=0

i=3-245=6A
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Example-02

 Referring to the single node below, compute:
a. lIg,giveni,=1A Ip=-2AIc=3A,andi=4A
b. g, givenia,=-1AIg=-1A/Ic=-1A,andi;=-1A

» Use KCL
iy +tig-ic-ip-1g=0
a. Ig=-ly+lic+Iig+ig
Igp=-1+3-2+4=4A
b. Ig=iy+ig-ic-ip
e=-1-1+1+1=0A
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Example-03

« Determine I, the current flowing out of the
voltage source.

| —Use KCL
R2 § %m e TO9OMA+05mA + | are
19 mA entering the node.
- . 0SmA R « 3 mA is leaving the node.
—AN * AN\ —
R3 /rl 1.9mA+0.5mA+ 1 =3mA
+ | =3mA—(1.9mA +0.5mA)
N — v | =0.6mA

V1 Is generating power.



Example-04

 Suppose the current through R2 was entering the

node and the current through R3 was leaving the
node.

— Use KCL
| e 3SMA+0.5mA + 1| are

R2 § %m entering the node.

1.9 mA « 1.9 mA is leaving the node.
- _05mA Ri
Ws ' VWA 3mA+0.5mA+ | =1.9mA
. ?1 | =1.9mA - (3mA +0.5mA)
NV /v | =—1.6mA

V1 is dissipating power.
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Example-05

* |f voltage drops are given instead of currents,
— you need to apply Ohm’s Law

. _ :
~ § 4\,\,2 to determine the current flowing
! 2k 7 - through each of the resistors
Tove R1 %  before you can find the current
VWV ¢ YWAv—  flowing out of the voltage
5kQ R3 T + 2V |
REE I SUppty.
V.o — « |, is leaving the node.
| - 1, is entering the node.

* 15 Is entering the node.

|, =2V /7kQ = 0.286 mA * | Is entering the node.
|, =4V / 2kQ = 2mA
|, =1.75V /5kQ = 0.35mA

L+L,+1=1
2mA+0.35mA+ 1 =0.286 mA
| =0.286 MA—-2.35mA = -2.06mA



Example-06

 For each of the circuits in the figure below, determine

the voltage v, and the current ..
TV

— Applying KVL clockwise around the loop and Ohm’s law

—5—T+v, =0 +3414v,=0
— 2 -
by =12V ve=—4V

vV, 12 =

II_[D{]:@A:]EOIHA Ixzﬁi—ﬁlﬂﬂmA
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Example-07

e For the circuit below, determine

a. Vg, 36 V

+ 12V -
O )/ }
b. V _/ T
X +14V_ — 4+ C_)
_ + = + E'J.'s']

4V Ry & v +
+ - R § UR1
- _
C b
d. 4—36—|—1JRQZU IJRQZSEV

h. —32412+14+v,=0 =6V



Example-08

For the circuilt below, determine
a. Vg, b.v ifvg, =1V.

N + 7V - a
N ¥

8V g Ry & vro v, +
+ - R, § Vpi

L
c

ol

a. KVLyields -8 — 12+ vga =0 VR2=20V
D. KVLyields—20 +7 -9 — v, —3 + vy
where vg1 =1 V. Thus, v =24V
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Example-09

For the circuit below, determine v,

5A 80 4 40
— AM—+—AA—
+ g - + U

60 V C) U0 § 10 § 20 % CD Iy

—604+vs+vip=0 Vigp=04+60—-40=20V
—Vipt+va+uv, =0 vy = 20 — vy
. . V10 20

=5 — =5——=5——=3
a 10 10 10
wm=4H03)=12V vy =20—12=8YV
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Example-10...

 Find the voltage across R1.

 Note that the polarity of the voltage has been assigned in
the circuit schematic.
- Vri +
AVAYAY
_|_

R1 1.8k :
+ 1 C

SV V1 R2

4 7k 0.2mA

v

— First, define a loop that include R1.
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...Example-10...

* If the red loop Is considered

- Vri +
AVavAY
R1 1.8k SN
+ 11
3V
5V V1 R2 i
] 4 7k 0.2mA

— By convention, voltage drops are added and voltage
rises are subtracted in KVL.

5V Vg +3V=0 Vg, =2V
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...Example-10

 Suppose you chose the green loop instead.
 Since R2 is in parallel with 11, the voltage drop across R2 is

also 3V.
- Vri +
AVAYAY N
N R1 1.8k ¥ =
3V
5V V1 R2 I

4 7k 0.2mA i

5V Vg +3V=0 Vg =2V
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Example-11...

 Find the voltage across R2 and the current
flowing through It.

+ 2.4V - R3 1.1k
AVAVAY AVAYAY
+ R1 T | +
115V V1 R2 = Vi 4 () ]V
) 4.7k _ TmA 7T

— First, draw a loop that includes R2.
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...Example-11...

« |f the green loop Is used:

+ 2.4V - R3 1.1k
AVAVAY AVAYAY
+ R1 + | +
115V V1 R2 = Vi 4 () ]V
) 4.7k _ TmA 7T

115V + 2.4V + Vg,=0 Vg, = 9.1V
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...Example-11...

* |f the blue loop Is used:

+ 2.4V - R3 1.1k
AVAVAY AVAVAY
+ R1 + L +
115V V1 R2 < Vi d () ]V
) 4.7k _ TmA T

 First, find the voltage drop across R3
1mAx1.1kQ=1x103A x 1.1x103Q =11V

1.1V +8V-Vg,=0 Vg, = 9.1V
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...Example-11

— Once the voltage across R2 1s known, Ohm’s Law
Is applied to determine the current.

TmA
+ 2.4V - R3 1.1k
AVAYAY AVAYAY

R1 IRzl + + VR3 - n

+
11
11.5V V1 R2 Vr2 () sV
A

4.7k _ Tm

I, =9.1V /47 KQ=9.1V/ (4.7x10% Q)
I, = 1.94x103 A = 1.94 mA
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