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BJECTIVE

L1 \Define resistor and resistance

L2 ‘Direct measurement of resistance



What is resistor? Ik 5,

Resistor Is an electrical component that creates Vicapgiy
resistance in the flow of electric current.

A resistor Is designed to transform electric energy to heat
energy.

Electric Heater Electric Stove lrons



[What IS resistor? i
- - | X
A resistor is used to protect i l =
the electric devices by opposes / ’ \\

the electric current (1).

The opposition of the electric current in the resistor leads to

the liberation of heat (thermal energy



What is resistor? 3 1%

o et

The resistor have two symbols can be used In
building electric circuits. R

A resistor Is characterized by a physical property called the
resistance.

The resistance Is denoted by R, and it i1Is measured in Ohms
[€2]
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A rheostat (Ry,) 1s a resistor of adjustable resistance
used to adjust the value of the current or voltage.
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fWhat IS resistor?

DC power supply:

DC power supply 1s an adjustable
battery whose voltage can be
changed between zero to a certain
maximum value.

Be Smart

ACADEMY

The symbol of DC power supply Is:
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'What is resistor? . \J ® *
%ma@t
X 1000 ACADEMY

Kilo-ohm (KQ) Ohm (Q)



[Direct Measurement of Resistance

The resistance of a resistor can be directly
measured by an Instrument called
"Ohmmeter", or a multi-meter functioning
as ohmmeter

The symbol of ohmmeter:
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LDirect Measurement of Resistance ® *

The Ohmmeter Is connected In parallel 'ﬁ;";\%”gﬁ,ﬁ
across the resistor in any order, because
the poles are identical.
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OBJECIIVES

ACADEMY

Apply ohm’s law

To draw the current-voltage characteristic of resistor



Ohm’s law

Statement of ohm’s law: ACADEMY

The electric current (I) flowing through a resistor Is
proportional to the voltage (V) applied across its ends.

V: Voltage across the terminals of the resistor (V)

|: Current across the terminals of the resistor (A).
R: Resistance of the resistor ()
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[Ohm’s law

Ohm'’s Law Triangle

To Find Voltage To Find Current To Find Resistance

M A A
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thm’s law i ]‘ *

Application 1: %@W
A resistor of resistance R = 6 Is connected to a battery
delivers a voltage V = 12V. |
Determine the current in the circuit

~
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LOhm’s law /\/\’ ) , v: L 5
Application 2: %@W
A resistor of resistance R Is connected to a battery delivers a

voltage V = 24V and a current I = 64
Determine the resistance of the resistor

R_V
|




[Ohm’s law = r‘ *

Application 3: %ﬂ;ﬁﬁ
A resistor of resistance R = 8Q Is connected to a battery

delivers a voltage V and a current I = 5A
Determine the voltage V In the circuit

V=RXI

V=8xXx5=40V




Verify Ohm's law experimentally i ' »

One of these circuits allows us to draw the characteristic
current-voltage of the resistor in order to verify Ohm's law
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b/e\rify Ohm's law experimentally o

When the switch Is opened, the voltmeter
and the ammeter indicate zero.
After closing the switch:
» Adjust the cursor of the rheostat at a %m
resistance zero, the ammeter and the 4 mm'l
voltmeter reads zero. —(D)—

* Increase the resistance of the rheostat to a certain value
and record the new values of | and V.
» Repeat this step few times.




Verify Ohm's law experimentally i . . J ® *

The values of the current and the voltage are VY agea
recorded In the following table

V(v) 0 10 20 30 40




Verify Ohm's law experimentally a ® *

/ —
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ACADEMY
V(v) 0 10 20 30 40
» This graph is called the , '
characteristics current-voltage of -
the resistor.
» The curve is a straight line *°
i Tal 10
passing through the origin. Lo

0 100 200 300 400
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The resistance (R) of the resistor is equal to the slope

L\/er-ﬁ‘y Ohm's law experﬁentally
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of the straight line: V(Y
40
U, —U
slope=R=12_I1 30
2 1 20
| I 40 -0 .
SOPE =R = 400 - 0) x 1073 Hma)

0 - 100 200 300 400
slope =R =100Q



b/erlfy’Ohm's Wentall)’m . ‘ L 5

Application 4: ACADEMY

A resistor of resistance R Is connected across a DC power supply.
We connect a voltmeter and an Ammeter to measure the
voltage and the current.

The table below shows the voltage V and the current | across
the resistor.

V(v) 0

I(mA) 0 2 4 6 8
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‘ ACADEMY

1. Draw a schematic diagram of the circuit showing all
components
2. Plot on the graph paper the characteristic current —
voltage using the scale:
x—axis:1cm - 2mA
y —axis:1cm - 1V
3. Does the graph verify ohm’s law? Justify.
4. Find graphically, the current when the voltage V = 3.5V.
5. Calculate R the resistance of the resistor.

fVerlify Ohm's law eﬁ)eri,mentally

e N ——




b/e\ﬁf*y Ohm's law eﬁ)eri?nentally G
1. Draw a schematic diagram of the circuit showing

'\ f
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all components. DC power supply
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[\7er|fy Ohm's Iaw experimentally

2. Plot on the graph paper the characterlstlc current

—voltage using the scale: x — axis: 1cm — 2mA
y —axis:1cm - 1V

V(v) | O 1 2 3 4 V()
I(mA) | 0 | 2 4 6 8

.  C. .. 1

=N W

I(mA)




[Verify Ohm's law experimentally
3. Does the graph verify ohm’s law? Justify Be Smart

Ohm’s law was verified, because the graph is St. line passing
through origin.

4. Find graphically, the current when the voltage U = 3.5V.
yV(v)

From the graph: 4
For the voltage V=3.5V; the 4
2
1

currentl = 7mA

0. 2 4 6 8



[Ver-if‘y Ohm's law experimentally

5. Calculate R the resistance of the resistor.

Vo =V
slope = R = 2 -
I -1
o 3V-2v
SOPE= R =6 —4) = 1000
R =5001

4
3
2
1

0

2 V(v)

Be Smart
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I(mA)
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.1 Determine resistance of a wire resistor

. 2 Determine the resistance of color-coding resistor



[Resistance  of a wire resistor | P »

The resistance of a homogenous and cylindrical wire

resistor depends on three factors: its length, cross
sectional area and the nature of substance.

ACADEMY

Lelngth

The expression of resistance Is: ——
p X L Area _AO

R =

S
R: resistance of the wire resistor in ohm [Q]
p: resistivity of the substance in [Q.m]
L: is the length of the wire in [m]
S = mr?: cross-sectional area in [m?], where r is the radius.



Resistance of a wire resistor

——

Application 5:

A cylindrical copper conductor

has a diameter D = 10cm and a

length L = 10Km.

The resistivity of copper is 1.6

X 1073Q.m.

1) Determine the resistance of the
copper wire.

2)Determine the resistance of the
wire If 1ts radius doubled.

ACADEMY
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[Resistance of a wire resistor

D=10cm;L=10Km; p= 1. 6 x 10-8Q.m.
1) Determine the resistance of the copper wire.
The area of the wire is S = mr?

.92 2
D 10 = 100
»s=3.14[( . )

S =T |—
1'[_2_
pXL 1.6x107%x (10 x 1000)

s 0.00785

R =0.02Q

Be Smart
ACADEMY

B) S =0.00785m?

R =




Resistance of a wire resistor . $
D=10cm; L = 10Km; p—16><10‘89m %ﬁ,”gﬁﬁ
2) Determine the resistance of the wire if its radius Is doubled.

r'=2r B S'=n()?m) S =mn(2r)? B S =4nr?

lllllllllllllllllllll

"

Sr? 4 4

p XL
SI

R =

R’ = 0.005Q
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LCoIor Coding Resistor £ |

Color Coding Resistor is 2 oSS [ 3ssmat
used In electronic circults I I I

(radios, televisions,

computers, ...).

They are made of a thin layer of carbon powder covering an

Insulating rod.
The resistance of a Color-Coding Resistor iIs indicated

according to international code



[Cﬁlor- Coding Resistor : | Y »

The Figure below, shows how to read color stripes 'ﬁ;’;\f,"gﬁ,,%
on carbon resistors for R in ohms.

1stdigit 2nddigit Multiplier Tolerance

/- T
0) 0 | |
BB 1.
2 2 ! N Tolerance
3 3 Multiplier
5 5 h First Digit
6 6
/ /
8 3 X 0.1 +5%
9 9 X 0.01 +10%




L(:olor:COdinnggigtg[ = ¥
Application 6: %"ﬁﬁ\?

Calculate the resistance of the following color code resistor.
1stdigit 2nddigit Multiplier Tolerance

0 0
1 :
2 2
3 3
5 5
6 6 R = 27x 100k F5%
7 7 _
8 8 X 0.1 5% R=27x%x10°Q ¥ 5%
9 9 x0.01 || +£10%
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OBJECIIVES

Grouping of resistors In series

Grouping of resistors in parallel
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an of resistors//\Groupng,in Series

—

When many resistors are connected In series, the

resistance of their equivalent resistor Is:

—
—_

Ven = Vap +Vpe
I — 11 — IZ

V=RXI

ACADEMY




Grouping of resistors/ Grouping in Series
Application 6: A
Consider three resistors Ry = 100, R, = 6£ and R; = 4()
connected In series as shown in the figure.

1. Calculate the equivalent resistance. —
R{, R, and R3 are connected In series:

Req=R1+R2+R3 K_I_I-E-I_I-:-IZI_]‘)
Req = 102 + 62 + 40 ST
Req
R., = 200 NN



Grouping of resistors/ Grouping in Series

2. Calculate the main current knowing that Vpy = 12V.

'\ f
Be Smart
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Using ohm’s law: p + N

VPN — Req XI

I Vpy 12V Ao | | o’
"~ R,, 200

q

I =0.6A



LGrc)uPVing of resistors/ Groupinmes i P »
Application 7: Be Smart
Consider an electric circuit contains: A dry cell of constant

voltage Vpy = 12V and of main current I.
Two resistors; Ry = 1002 and the voltage across It Is V4

= 8.8V and R, as shown In the figure. P +li— N

1.Determine the current | sent by dry cell. .

2.Calculate the voltage V, across the R, R,
resistor R,. L g N

3.Deduce the resistance of R,.
4.Calculate the equivalent resistance Reg.



Grouping of resistors/ Grouping in Series P >

Vey = 12V; Ry =10Q ; V4 = 8.8V. %”gﬁ,ﬁ
1. Determine the current | sent by dry cell. P +],— N
R, and R, are connected In series with the II
battery then: R, R,
=1, =1, it

But; V; =R; xI; B 88V=10xI,

8.8

[} =—->=088A W) I=1I,=1,=0388A



[G\rggMesistnrs/jGroupingin Series

VPN — 12V, Rl = 10 : V1 = 8.8V. %ﬁ%ﬁ%
2.Calculate the voltage V, across the resistor R,.

R, and R, are connected In series, then we P+ |; — N
use law of addition of voltage:

Ven = Vpa +Vap + Vpe + Ven - B L N o
12=0+8.8+V, +0
12V —8.8V =1,
V, =3.2V



Grouping of resistors/ Grouping in Series | ® »
VPN o 12V, Rl = 10£ : V1 = 8.8V. ﬁ%ﬁ%
3. Deduce the resistance of R,.

P +|=— N
V, =R, xI, B) 3.2V =R, x 0.88A |
3.2V =1 i
R, = B R, = 3.64Q L

0.884
4. Calculate the equivalent resistance Req.

R, and R, are connected In series with the battery then:
Req =Ri +R2E) R, = 102 + 3.6402 B) R,, = 13.640



In case of only two resistors In parallel we

can also use:
R{ X R,

R.. =
"I Ry +Ry

Ven = Vap =Vep I=1; +1,



[Groupjgg of resistors/ Grouping in parallel
Application 8: B Smail
Consider two resistors R; = 50 and R, = 10 are connected

across a battery as shown in the figure.
Calculate the resistance of their equivalent resistor.

R, and R, are connected In parallel then: P +| - N
II
R _R1XR2_5X10_50 R4
““ " R,+R, 5+10 15 1 ?_”3

R., = 3.330



meq_ging_ of resisprs/ﬁGM in parallell J ® 2

Application 9: 2 S
Consider two resistors R; = 20Q and R, are connected

across a generator as shown in the figure. Given V.p = 5V.
The generator sends a current of I = 1A.

1 P+ — N
1)Determine the current passing [ Ii
through each resistor. 5 R,
2)Calculate the equivalent resistance 2¢——— | ®B
of the circuit. . R,

3)Deduce the resistance R,. C o———] | e D




Grouping of resistors/ Grouping inparallel | ®
1)Determine the current passing through each resistor.

Be Smart
ACADEMY

Ven =Vap = Vep =5V EDLILENL N
(law of uniqueness of voltage in parallel |
R4
VPN — R1 X 11 A.i>—| I ® B
Veyn S R,
11=R—1=ﬁ=0.2514 - I I I & D

Using law of addition of current in parallel:
I=1,+I,8) [,=1-1;,=1-0.25 B I,=0.754



Grouping of resistors/ Grouping in parallel
Rl — ZOQ, RZ :?, VCD — SV, I — 1A Bo Smant

ACADEMY
2)Calculate the equivalent resistance of the circuit.
Using ohm’s law for the equivalent circuit _1 ? + I= - N
Vpn = Reg X 1 | .
Vo Ag——T ] ¢
Req = T I, Rz
C o——j | oD




Miﬁgofﬁesis@s/ G@upingji_ﬁ parallel ® »

Rl = 20(); Rz =7; VCD =5V; 1= 1A. %ﬁ”ﬁﬁﬁ
3)Deduce the resistance R,. P I= - N
1 1 1
— | R4
Req Ri Ry A.iu—l i ® B
1 1 + 1 I, R,
N B |
5 20 R, U
1 1 1 1 3
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OBJECIIVES

Determine the Power of resistor

Determine the Energy of resistor
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Power and Energy
* The electric power (P): Is
the rate of doing work, \

measured in Watts (W). $
 The electric Power (P) _
consumed by an electric \
load  (resistor, lamp, £ ek
motor...), IS equal to the
product of voltage V
across It by the current |

| I

’ A;k-lik'm 2

it carries. P=VXI




Power and Energy - i
P=VxI

ACADEMY

The expression of power of a resistor

A/Uﬁllgh

P=(RXxI) XI law: V = RI (V)
l P=VX ﬁ

P =R x I4 l p—_




Power and Energy = V\,\_\J .

The electric energy (E) expressed in Joules (J), consumed
by a load when traversed by a current |, under a
potential difference V during a time t Is given by:

ACADEMY

E=PXt

|

E=RXxI*xt > Called Joule’s law

Joule’s law:

The heat developed by a resistor is proportional to the
resistance R, the square of the current, and the time during
which the current is maintained.




Power and Energy e e

Joule’s effect: is the transformation (totally or partially)  Viciseiy
of electric energy into thermal energy (heat).

4 3 $

Joule’s effect: represents In a resistor the electric

the loss of energy energy IS completely

(dissipated energy). transformed into thermal
energy by joule’s effect.
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