A 100 Q resistor.
(commons.wikimedia.org).
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2.0 Fundamentals of Electric Circuits 6" Ed. corresponding textbook material for this module.
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2.1 Ohm's Law.

Georg Ohm noticed that materials tend to resist the flow of current. The tendency of a material to resist the flow of
~urrent is its resistivity, p, with units of Q m. Ohm also noticed that devices made from resistive materials will have
cater resistance if they have a large length, /, and small cross-sectional area, A.

Georg Ohm (commons.wikimedia.org). Ohm's law.

Resistance: R = = % [U\\'\S - _n_']

Ohm also noticed that the voltage over a resistor is linearly proportional to the current flowing through (i.e., higher
Itage means higher current). This idea is now called Ohm's Law.

Ohm'sLaw: \=( R [unis=v] > R= % f.]

If the resistance is zero, there is a short circuit (typically a metal connection). If the resistance is infinite, there is an
open circuit (typically a disconnection).

ey
+ O | L=0
v-o | RO
_f g
- oA
__.O-——
Short circuit(v-—lleir%iR:O). Open circuit(iz}i_r)r; v/IR=0).

pg. 3




Sometimes, engineers talk in terms of the conductance of a circuit element rather than the resistance. Conductance
is the reciprocal of resistance.

; L _ L
Conductance: G: =y [ S = _(‘—'1: 5 _9_ ']

The concepts of resistance and conductance can both be used to find power dissipated in a resistor.

Power (in a resistor): P—’-‘ LV =RLZR = VZ/R =v2.@Q = L?'/G
V=iR =%

Note that power dissipated in a resistor depends on the square of current and voltage. Therefore, power in a resistor

is always positive (i.e., power is dissipated not generated in resistors). It can be said that resistors are passive elements
that do not supply power.

Example. Calculate current i when the switch is in position 1. Find the current when the switch is in position 2.

Pthion |- | 1
L= 40N [200mA M—“ﬁ e
oy, kel | ).
3 <100 Q i o 250} (2
Position 2 - ~ (2 0v
§
i = 4OV

B 2500 = |OmA (Fundamentals of electric circuits, 5th Ed.)
\'\'\Or\ \ ® Fit

C*mi-B (10 diog®)
Black- O (\ dioy )
OrGrog.- 3 (xporent)

80’)(‘033 20k ?ém-(f
= Ay ouan—
QOx 0> )
oa =5
VC\\aY?:‘%
Green-5
Blue -
Viger -1
Gre%—%
white -9

("\/

PR

Sox Cunent 1S SmA
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2.2 Nodes, branches, and loops.

In order to understand circuits, one has to be familiar with terms that are commonly used to describe circuits. Several
~f these terms will be discussed here. Specifically, nodes, branches, and loops will be discussed.

Branch: 0 S\ﬂg\e element Sudhas 0 \otage Sourte. or aresisior

Node: ooty OF fonnection betueen 2 or tnore Xances

Loop: Ony clceed potnin a eeuck

Nodes, branches, and loops.

2.3 Kirchhoff’s Laws.

The concepts of nodes, branch, and loop are used in explain Kirchhoff's Laws. Kirchhoff has two laws: Kirchhoff's
Current Law and Kirchhoff's Voltage Law.

E

Gustav Kirchoff
(commons.wikimedia.org).

“irchhoff's Current Law relates to a conservation of current at a node.

all curvent O ordout oPanode
Kirchhoff's Current Law (KCL): ZL =0 must SUMYO ZeyD.
nade




L

X"_= (,|+('.Lz) +ia+Lla+ (-is) =0

Kirchhoff's Current Law.

Example. Determine vo and io.

p‘pp\g KCL tonode a-
iz 3405~16= 0

A+ (-0-6(;0\ =0
e B
° 05 '
Vo= Rio *¥ Onms Law.
= (A (6A)

Aoordnes
anodes .

. nodea
3 |, ™
¥ | Touk
5,240  {(4)3A
node o -

(Fundaments of electric circuits, 5™ Ed.)

Kirchhoff's Voltage Law relates to a conservation of voltage over a loop.

Kirchhoff's Voltage Law (KVL): é V=0
| 5
\

AllWOHoK S overaloop MuSt Sunto 2ex0

+
Vi
AW

SV ==Vi+Vz tys-V4 +H5 =0

Kirchhoff's Voltage Law.
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Example. Determine vo and i. Az %0\h5 are “6%0*""6 ) 0SS

o . loss
KVL overloop - Qre poSitive. i ‘gsgsz >
AVAYAVAY o iy

—1Q +41 + 2Vo—4+bl =0 _
\L L
Ohms kaw (}c.:_ \Y f*‘} Q v (3)

N 1055 an N
Vo= (60 (-0 s
= -bi FRARS
—lo +10ut2(-60) = O (Fundaments of electric circuits, 5% Ed.)
=lo=di -4
-2( =16
Vo =-6(-8R)

2.4 Series resistors and voltage division.

When resistors are connected in series they are connected one after another. The total resistance of all of the resistors
is found by summing all of the individual resistances. This gives the equivalent resistance.

Series equivalent resistance: ch= Ri+ Ra ... T PRh= 7: _Q\’\

The voltage drop over any one resistor is proportional to its resistance.

Voltage division.

Voltage division: \/ n= _@_Q i 2 Rn ,
R RitRo+...+RN \/

For two resistors, this equation can be simplified.

Voltage division (two resistors): \/, = -QQ_}-{Z e\/ Vg = Ri . \V
K2

T ) pg. 7



2.5 Parallel resistors and current division.

When resistors are connected in series they are connected one after another. The total resistance of all of the resistors
is found by summing all of the individual resistances. This gives the equivalent resistance.

Parallel equivalent resistance: . -\—-+ é— = T 1.
2

Ry ® R

A simplified version of this equation can be calculated for the case of two resistors in parallel.

= =('_L.+ L\ RRz _ Rt R0
Req

_| Req = RiR2
Ri Rz ) QR RR2 =V RebRa:

Parallel equivalent resistance (two resistors): RC = &Bﬁ

When resistors are in parallel, the current is divided.

J/‘LW'
L | Ld| By i Ylind J

v O Lo Lo '%;-'95‘2“’ gy

V=inBn=igr-Be 7 ek * el

Current division.

.'_

Current division: { = Req

fn & \/‘?O*O-L
A simplified version of this equation can be calculated for the case of two resistors in parallel.
Lo=Reg ¢ RiRa\[ Y - otal.
'R, Lol = ( Q\Qz_\(ﬁ\_\ Ltorad l
; +
b B st i
RivRa ° Loy [ Jrabia V

Current division (two resistors): 'L - e[, = _@_l__ i
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In a similar way to equivalent resistances, equivalent series and parallel conductances can be found.

. \ B el !
S ivalent conductance: 5 == =—+ T~ ... ¥ —
eries equivalent conductance Q\eq Gt Q2 GN

Parallel equivalent conductance: Geq =G+l +- - -t G

Example. Calculate the equivalent resistance Rq in the circuit.
Curcuit) - 1Q .y 1Q
— 3.0 |lba = (36 : (

36 _ 1% .
= - — = Z _('L a oM «‘«"“*2@”‘“’ VWY \W"‘ywmww"f NN einining

7
|2_(Ll\4_o_= (2)(4) _ 48 Ret, 303 >’\”\/ 240 50
2a “Big, g T
lo e N
145 =61 " b b

[O+1.2=l.20. 90 N\~

IBeb=1-2-0.] o
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Example. Calculate i1, i2, 3, i4,

[T4R 8] 3 ! 260
P 200 a 500 |
!_' }A 6 A E
Ltotal = —10A P 3
I 3 : - (Fundamentals of electric circuits, 5thEd.)
e B w‘ "J'l ¥ alln porodel
-1
= 1
Pal 20| T0 [ 60 D17 v 2 23 ea 15

Practice problem (solve at home). Calculate i1, i2, i3, is, and is.

@
M i v
| 14 i ¥
| IR
0V S0 s
AV o 1 ":i‘:gz‘
| g :
| :
3

(Note: Answersare it =11.2A,i2=1.6 A,3=96A,is=64A,andis=32A)

(Fundamentals of electric circuits, 5th Ed.)
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