ENGR 101
Intro to Engineering:
Week 5



Section V: Resistance

® A circuit is composed of two of more devices
connected by a conductor

Circuit elements: Energy type:
emf source
resistors sink
capacitors store
inductors convert

We will focus on resistance since all devices and conductors
oppose the flow of current: they have electrical resistance

or impedance ... caused by free electrons colliding with the
lattice of atoms of the conductors.




Resistor

® A circuit element specifically for providing
resistance is called a resistor. The ratio of the
electric pressure & (voltage) to the current (i):

Georg Ohm .
1789-1854 & | i = Voltss/Amperes = Ohms [Q] or [V/A]
Ohm’s Law
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resistor
potentiometers

rheostats

Resistors absorb electrical energy (sink) and dissipates
it as heat. The resistors are rated by their resistances
(ohms) and power rating (watts).



Ohm’s Law

® Consider the flow of electrons in the
following system of conductors or circuit.

Ohm’s Law : the potential difference across a
conductor is directly proportional to the current.

Mathematically: V=R |

\ constant of proportionality
example: , R
I0V/I0A =10 '
o——"\/\——e Need 2 points in the circuit to
example: |< v measure theV - the potential

10V/20 A = 0.5Q difference




Resistors in Series

® When two or more resistors are connected
such that there is only one conducting path

between them they are said to be in a series
arrangement.
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In a series circuit the voltage drop across each resistor is in
accordance with Ohm’s Law, e.g. Vi =-iR| and V2 =-i R,

Kirchoff’s Voltage Law (KVL): the sum of voltage changes
around a closed loop is zero. Mathematically: >V =0




Equivalent Resistance

® Using Kirchoff’s Voltage Law
E-Vi-V2=0 or E=VI+V;

® Substituting Ohm’s Law
E=iR +iR2=i(R| + Ry

Dividing by i and applying Ohm’s Law again
yields the effective or equivalent resistance of
the two resistors in series:

E/i =

r—-r—-—-—-=-=-=-=-=-- |
|
|

Rs = Ri + Ra!

____________

‘series resistance’

More generally for any
number of resistors in series: | Rs = > R




Equivalent Circuit

® What is the voltage that must be furnished by
the battery to force 0.25A through the following
circuit? - Ri = 5Q

Simplify the P ‘ +

circuit _I_- R; = 200 é R, = 15Q

1
\/\
The equivalent resistance is: Rs = > R=R| +Ry +R3 =5
+15+20 =40 Q
‘+ | —>
The ‘equivalent’ & Rs = 40Q
circuit T_ —

Using KVL and Ohm’s Law: >V =0 or & -V =0
and & - iRs = 0, solving for: & = 0.25A « 40QQ = 10V



Resistors in Parallel

® When two or more resistors are connected

across the same emf they are said to be in a
parallel arrangement.
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Def.: A node or junction is a point of connection of two
or more circuit elements - a node may not be a single
point but a collection of point on a conductor that are

electrically identical.

Voltage across resistors in parallel is constant but the
current through each resistor is different.




Kirchoff’s Current Law

® Kirchoff’s Current Law (KCL): requires that
the sum of currents at any node sums to zero.

Mathematically: 2i=0

Convention: current flowing into a junction is positive,
current flowing away from a junction is negative.

For the given two resistor circuit, Ohm’s Law yields: i} =
Vad /R and iz = Vad/R2 where V4 is the potential across
nodes a & d. The total current is found by using KCL.

a

For junction ‘@’ |7\ 2i=i-ii-i2=0
T 2

i= i1+




Equivalent Parallel R

® Apply Ohm’s Law to the KCL results:

i = i +i2 = Vad/R| +Vad/R2 = Vg (1/R) + 1/Ry)

Dividing by Va4 and applying Ohm’s Law again yields:

i /Vad =' /R, = I/R| + |/R2I

_________________

More generally for any number of resistors in parallel:

Invert these /R, = 2 1/R

formula for R,

For two resistors in parallel: For three resistors in parallel:

/R, = (Ri + R2)/ RiR2 /R, = [R3(R| + R2) + RiR2]/ RiR2R3



Examples

® For three resistors connected in parallel

| a R, =50 /IRy = 21/R
B S TR LI
= 10V T- il¢w¢'3 Rs =20Q  |= 9/60

d R, = 60/19 = 3.158 O

‘parallel’ resistance
The ‘equivalent’ circuit is:

‘+ i —> %
T R, = 3.158 Q
- —

Using Ohm’s Law: i = V.4/R, = 10V/3.158 Q = 3.167 A

& =10V




Mixed Circuits

® Series and parallel resistors
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Combine R| and R; in series and R; and R4 in parallel.

Rs = Ri + Ra R, = R3R4/(R3+ R4)| [Re=Rs+ Rp

‘equivalent’ resistance

i \\/ i
_TJI. Rs R. = gﬂi Re |i=é&/Re
" T T

Vs =i R Vp=iRp Vi =iR V2 =i R, i3=Vp/R3 i4=Vp/R4




