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Resistance and Resistors

« Resistance in electrical engineering is a measure
of the degree of opposition that current is faced with.
A resistor is a physical component that “implements”
the definition of resistance.
« Weerstand!
« Conductance and conductor

@ & |j %
_—= E™ Two symbols for resistors
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Relation between Voltage and Current
- Ohm’s Law

-
E=7

(3.1)

* R Is the resistance of the object,
measured in Ohms.

* \V is the voltage across the object,
measured in volts.

* | is the current through the object,
measured in amperes.
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Relation between Voltage and Current

Ohm’s Law

>
R= = (3.1)

Resistance is independent of

* the applied voltage
* the resulting current
* the frequency

e the air humidity

* the pressure
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Power Behavior

P=V.-I (2.1)
Quantity Unity Symbol
Voltage, potential diff. Volt (V) V
Current Ampere (A) I
Power Watt (W) P

Table 2.1: Electrical guantities with their respective unities and symbols.

Presismr — IHFT‘E:S?LSE’D‘T" Ires:éstur

(3.2)

The product of the voltage applied to a resistor and the
current that flows through it results in a power P, o

* P..istor 1S dissipated in the resistor.
» The dissipated power is transformed into heat.

Introducing Electronics

Wei Chen



Power Behavior

P=V.I (2.1)
Vv
Ohm’s law B=7 (3-1)
2
p_V
R
P=1I°R
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Using a Resistor

* Don not overload a resistor! Usually the low-power
models can handle a power of 1/4 W or 1/3 W.
 The resistance values are approximations!

They have tolerance ranges, for examplex 5%
* Appendix B provides information on color codes

that indicate the resistance value and tolerance.
(what if you still cannot decide the resistance by analysing its color? — measure it!)

* You cannot buy a resistor with arbitrary resistance

value. Resistors are produced in E-series.
http://www.st-andrews.ac.uk/~jcgl/Scots_Guide/info/comp/passive/resistor/e12/e12.html

* In order to obtain the desired resistance value,
you need to combine several resistors.
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Series and Parallel Connections
- Series Connection

R R Rs

Example of a series connection

The same current flows through all the resistors.

Rye=) R (3.3)

R.. is always higher than the larpest (single) resistance value;

If one of the single resistance values is much higher than the other two, Rre 15 almost equal
to that value;

The power dissipated in a single resistor is always lower than the power dissipated in R,...
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Series and Parallel Connections
- Series Connection

The power dissipated in a single resistor is always lower than the power dissipated in R,...

P=1I°R
AN WAMNANM -
R, R R
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Parallel Connection

Example of a parallel connection

 The voltage over each resistor is equal.
* The current is divided over the resistors.
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Parallel Connection

Rre = ﬂ,l . (3.4)
3 1
i:l R
&
Rre i=1 Ri

 The voltage over each resistor is equal.
* The current is divided over the resistors.

R Vv 4V

| = _

é.\/\/\/i Rre ZZ=1: Rl
Fa

Introducing Electronics Wei Chen



Parallel Connection
 The voltage over each resistor is equal.

 The current is divided over the resistors.

Bro=——. (3.4)

7

=1

Mz

1_
. R,
Ry 1s always lower than the lowest R,

If one of the single resistance values is much lower than the other two, Ry is almost equal
to that value;

The power dissipated in a single resistor is always lower than the power dissipated in R,..
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Series and Parallel Connections

- Parallel Connection

The power dissipated in a single resistor is always lower than the power dissipated in R,...

NP9 b %
% B _- —
.‘ 2 7 R

P,. — the same voltage on the smaller resister R,..
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Applications of Resistors

* Filters
« Switch circuitry
* Integrators

« Amplifiers

* Voltage divider
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Voltage Divider

A voltage divider is designed to create an output voltage
which is proportional to the input voltage.

V=9V —— >,

Example of a voltage divider
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Voltage Divider

A voltage divider is designed to create an output voltage
which is proportional to the input voltage.

Example of a voltage divider
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Potentiometers

Fixed
connection
5|ip [T ’
contact Wlper
Fixed

connection

Schematic symbol of a potmeter

 Adjustable resistors - Potmeters
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Applications of Potmeters

* An adjustable resistance value for filtering
(next chapter)

 Adjustable voltage divider
(e.g. in an audio amplifier)

+ —
Vi +
! I Vaur

“Plain” adjustable resistance value adjustable voltage divider
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Types of Potmeters

 Turn potmeters - with a portable rotation axis

from wikipedia.org

e Slide potme’[ers .::é_::—-lﬁ from www.made-in-china.com

* Linear - the resistance value is proportional
to the degree of rotation or slide

 Logarithmic - regulate volume in an audio amplifier
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Calculation of Replacement
Resistance Value

d Ry =1kQ
I |l
Vi = 10V—— 2|}
i — Rs = 1kQ
R =6k
R.:=3kQ
Vout = ?
Rs =2 kO
ls
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Calculation of Replacement
Resistance Value

d Ry =1kQ
I |l
_ N L |]
V=10V —— Re = 1kQ

F:=6k0 a

Re =3 k0 Vout = Vac = Vab + Vbc
b Voy
= Vpg+Vps
R; =2 k()
l c
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Ve =10V

Calculation of Replacement
Resistance Value

—T/\/\/\/* Ohm’s law
1 Ry =1kQ
! Vﬂut:@*Rﬁ@*Rd
L+ l2 |}
— R:=1kQ
| L=I,=1,+1
R. =6 kQ a +
- 2
Ry =3 k() 1 e
Vout=vac=vab+ Vbc I l)
3 == g
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Calculation of Replacement
Resistance Value

Vi, =10V
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Calculation of Replacement
Resistance Value

! R;=1k0Q
+ Rectotal = B1 + Rro + Rs = 5.4 k()
Vie.=10V_—_——
|
I o =
Rre2 + Il ~ Rictotal 1.85 ITIPL
Next, I; ?
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Calculation of Replacement
Resistance Value

Vi =10V

Rs =2 kQ

universiteit

Introducing Electronics Wei Chen



Calculation of Replacement
Resistance Value

1 Ry =1k C
Vo= 10V ——
I | V2 = Vcd = I1 * I:{reZ
RI’GZ +
Vo=18mA 24k(1=444YV
d Ve
Rs =2 kQ
l4
TU/e
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Calculation of Replacement
Resistance Value

Vi =10V
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Vie

Calculation of Replacement
Resistance Value

il Ohm’s law

=10 y—— 12
=10V — } R; = 1 kQ Vﬂut:@ RF@ R4

Il - Rrefafai o 1 S L‘L
Ry=3 kO
I3 = }_Ijl = 1.1 mA
Vout
Rs =2 kO V=185 mA-2kQ + 1.1 mA-«3KkQ
1y =7.04V
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