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Properties of Electrostatic

Electric charge

Conductor and insulator
Positive and negative charge
Charge is conserved

Charge and Matter

Charge is Quantized
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Electric Charge

The early Greeks knew that if a piece of amber was rubbed, it would
attract bits of straw. This is an early example of electrostatics. The
English word, electron, is derived from the Greek work for amber.

The ancient Greeks also knew that a certain type of rock, called
lodestone, would attract iron and always keep the same orientation
if hung from a string and left free to rotate. This is an early example
of magnetism.

But only in the 19th century did scientists realize that electrostatics
and magnetism were both part of the same phenomena which we
call electromagnetism.

James Clerk Maxwell took the ideas of Michael Faraday and some
of his original discoveries and put them into mathematical form

around the middle of the 19th century. We now know these laws as
Maxwell's Equations

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Conductor And Insulator

Conductors are materials in which the electrons can move rather freely
(i.e. they readily conduct a flow of electrons).

Non-conductors or Insulators are materials in which the electrons are
more tightly bound to the atoms and generally are not free to move.

Examples of conductors are metals such as copper, silver, Aluminum plus
salt water solutions (the human body falls into this category).

Examples of insulators are wood, plastic, stone; in short, any non-metal.

The earth acts as a large conductor and has a very large capacity to
absorb charge concentrations from smaller conductors.

So any charge on a conductor will be lost if there is a path to ground.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

3/2/2011



a) energy bands of a
conductor b) energy bands of a
semiconductor

¢) energy bands of an
insulator

*Substances that fall between the metals and the insulators are called

semiconductors.

*Semiconductors such as Silicon and Germanium are widely used in
modern electronics since their properties may be radically altered by the

addition of small amounts of impurity atoms.

*Superconductors are perfect conductors in the sense that they offer no

resistance to the flow of charges.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Positive and Negative Charge

Like charge repel one another and
unlike charges attract one another
where a suspended rubber rod is
negatively charged is attracted to
the glass rod. But another
negatively charged rubber rod will
repel the suspended rubber rod.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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(b) Two charged glass rods repel
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(c) Charged glass rod attracts
charged plastic ruler
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Charge is Conserved

Electric charge is conserved. The net charge of an isolated system
may be positive, negative or neutral. Charge can move between
objects in the system, but the net charge of the system remains

unchanged.

- y /o /o 5
® RaN® ax
J Oy o T Wy Vy o T
Before After Before After
System System System Systemn
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Charge and Matter
Lidia (& 3 gall ide dday R 9 o s Al e Al ghuall Aaliiall (5 gl
cligignl A lawall iy dugs Asadall clawall On Al o
Ll psl g Ui gl
Particle Symbol Charge
Proton P 1.6x10°1%C 710K
Neutron 4] | 107K
Electron 2 o-1%C B7x103K
8
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Charge is Quantized

In the early part of the 20th
century Robert Millikan
performed an experiment to
determine the smallest possible
charge in nature.

Millikan found that that basic
charge is 1.6x10° Coulombs.

This was later found to be the

charge on every proton and
electron (negative for electrons).

Every experiment since then has
observed the basic electron charge
or some integral multiple of it.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Coulomb’s Law

In 1785, Coulomb established the fundamental law of
electric force between two stationary, charged particles.
Experiments show that an electric force has the following
properties:

“—— Suspension
head

Charles Coulomb
1736 - 1806

—{— Fiber

(1) The force is inversely proportional to the square of
separation, r?, between the two charged particles.

1
Fo— 7
(2) The force is proportional to the product of charge q, S|
and the charge g, on the particles. g = 4

Focq,q,

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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(3) The force is attractive if the charges are of
opposite sign and repulsive if the charges have
the same sign.

We can conclude that

Foo h% pud - F=K

r2

4.9,
r2

®

where K is the coulomb constant = 9 x 109 N.m?2/C2.

The above equation is called Coulomb s law, which is used to calculate the
force between electric charges. In that equation F is measured in Newton

(N), g is measured in unit of coulomb (C) and r in meter (m).

The constant K can be written as 1
K =
4re,

where ¢, is known as the Permittivity constant of free space.

¢, = 8.85 x 1012 C2/N.m?

1 1

drs,  arxBE5x10 @ L AONMICE

K =
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Coulomb’s Law

The electrostatic force of a charged particle exerts on another is

proportional to the product of the charges and inversely
proportional to the square of the distance between them.

" F = K $%

~F=K 2 a, a,

+
- - F O

F,=-F,;

& Clsbaa 0 Al G 6
oladY) b (iSlaia s a5l
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Attractive force
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Example 1

Calculate the value of two equal charges if they repel one another with a
force of 0.1N when situated 50cm apart in a vacuum.

Solution
F — K ql q2
r 2
L 9% 10° x g
(0.5)*
q=1.7x106C = 1.7uC
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5
Quiz 1l

One charge of 2.0 C is 1.5m away from a —-3.0 C charge. Determine
the force they exert on each other.

Quiz 2

Object A has a charge of +2uC and Object B has a charge of +6uC.
Which statement is true?

g ° D: Fpp=12Fg,
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6
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Force From Many Charges

Superposition

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

Multiple Charges in One Dimension
ik Glo clindll e de sana o AaTUl B eSSl Y o slsS 058 pass S
Bdsa
sanly e 5 el Lo sl 8 sl Cila 3y i 30a ) el e cilind 3 Ll Il JUd) s
e
Example 2

The following three charges are arranged as shown. Determine the
net force acting on the charge on the far right (q; = charge 3).

a=15z107¢C p=-23z107C E=-35z10%C

l4m 1.7m /.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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Step 1: Calculate the force that charge 1 exerts on charge 3...

Notice that the total distance between charge 1 and 3 is 3.1 m, since we
needtoadd 1.4 mand 1.7 m .

k 9x102%3.5x10™4x1.5x10~7 _
F3 =20 : =49 x 1072N
T 3.1
a=13z107¢C @=-23x107C E=-35x10%C
l4m 17m .
F31 F32

Step 2: Calculate the force that charge 2 exerts on charge 3...

Same thing as above, only now we are dealing with two negative charges, so
the force will be repulsive.

k 9x10%%3.5x1074x2.3x10~7 _
=Bl - =25x107'N

12 1.72

F3,

Step 3: Add you values to find the net force.

Fygr = F3 — F31 = 2.0 X 107IN

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9

Example 3

Two equal positive charges q=2x10-6C interact with a third charge
Q=4x10%C. Find the magnitude and direction of the resultant force on Q.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10
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i 6
0° (4x107°)(2%x107) 029N = F

R (0.5)2 Qa2

Qa1

kI _gx1
r

F, = Fcos6 = 0.29(%) —~0.23N

0.5

F, =—Fsing = —0.29(EJ =-0.17N
0.5

> F, =2x0.23=0.46N

> F, =0

i sall X san olad) 3 Lealatl s 046N & Alasal) 5l lsia i g5

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org ll

Example 4

In figure what is the resultant force on the charge in the lower left corner
of the square? Assume that g=1x107 C and a = 5cm

—

F=F,+F;+F,

F,= K:T ——— F,=0.072N

F,-k2929 ——— F;;=0036N,

a2
2 _— =
F, -k 2 F,,=0.144N Fio
2a?
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 12
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o Alanall Cluad @llil g ccilite (5 8l Jae ad Y 3 yile COEN (5 ll pan adaiond Y Ll Uia sy
el F g 558l ania (gl cppsaal) (ot e q@ Y ) (5 A Jlads X,y cptalaia () saa

Fiax =F138in45=0.025N & Fiay = F13c05 45=0.025 N

F, = Fyg + F1, = 0.025+0.144 = 0.169 N
Fy = F13y - F12 =0.025-0.072=-0.047 N

q 2 3 q
The resultant force equals
F=(F)+(F)" = 0175N
The direction with respect to the x-axis equals 1 4
o—tantr =155 2 - 2
=tan fo = -1o. Fy F
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13
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Example (1) Equilibrium

Two fixed charges, 1uC and -3uC are separated by 10cm as shown in
figure below (a) where may a third charge be located so that no force
actson it? (b) is the equilibrium stable or unstable for the third charge?

1 2
. @ <2
Solution PSSR ¥ VO

8 sall Ay eIl (5 sil) Aimns ()55 Gy U Ainh iy (S (ol 58 1 mal) (0 sl
la laie g dantll ¢ 55 o 2aaY) equilibrium o) 53 aas 8 0585 O g ¢l a5 sl Ledle
O3V Adals et 8 i Y

Siny oY dSlaie s laall 8 4 gladia B igall (5 sl 585 O cang 48 138 B s
pead) Al e Gl g cptindll 2l s s ol cang ZAEN Dall) 8 Loyl 13 Giay
Leale 5 isall (o gl olat) aani g s I (8 LaS g A 5 Aind (m i I
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3 1 2
F3 F3
() (3D )
& & Y
B e 10cm e
Fa1 = Fs
g:9 g:9
k 321 — k 322
r31 r32
1x10"° 3x10°°
d’ (d +10)?
d e an gig dalaall 2 s
d=13.7cm
(b) This equilibrium is unstable!! Why!!
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3

Example (2)

Two charges are located on the positive x-axis of a coordinate system, as
shown in figure below. Charge g;=2nC is 2cm from the origin, and charge
g,= -3nC is 4cm from the origin. What is the total force exerted by these
two charges on a charge g;=5nC located at the origin?

K q2 q1
L A ) *
—2om

Solution
(fp Hil 5 gy Al e Aa3l 3 8 AL & sanall (o gy Ainl) o 8 sl 2 5 3

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

3/4/2011



3/4/2011

Fy g3 Fx q2 q1

E o (9x10°)(2x107°)(5x107°)

= =2.25x107*N
. (0.02)?

~ (9x10°)(3x107°)(5%x107°)
B (0.04)?

5 LS Lgalas) 5 Fpy Lo laia il 5 4k g 4l o i Ldld da se g 2l o Cam
Fgp Ll idlati s gy g Lsll e i Ll Al g, 4 *\ui‘dsm\‘;c_;.f
(IS aladY) aealls Lobua (S Fy dlianall 546l (8 Ml

F=F;+F,
o F,=0.84x10"-225x10"* =-1.41x10"*N

Fss =0.84x10*N

1.41X10N 58 W laias el olail 5 g3 sl e i Aloasall 55801 13)

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5

Example (3)

What is the force of repulsion between two electrons held one metre apart
in a vacuum? What is the gravitational force of attraction between them?
By what factor is the electric repulsion greater than the gravitational
attraction?

k =1/ (4ngg) = 9.0 x 109 N m2 C2
mass of an electron = 9.11 x 10-31 kg
mass of a proton = 1.67 x 10?7 kg

G =6.67 x 1011 N m2kg?

Solution

Loesl sl ) dam G g 1Y Andlall 68 e A el 3l A5 jlae ) QU e Caagy

A 5eSU 3 g8l () aas (o g (9 STV ALK e adiad Apdlall (5 g g SV Aiad o adiad
A clinal) Alla 8 JSU g il 5 8 (g IS0 S

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6
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A sia 1 L) ake Aluce Lagluadl 3 ¢y g SNy A gl 3 4R
F=kQ,Q,/r?=(9.0x109x 1.6 x 101°x 1.6 x 10-19)/ 12=2.3x 102 N

R e T Lagy Alaal) ¢y g S (IS Chy uiladll 368
F=Gmym,/r? = (6.67 x 101 x 9.11 x 103t x 9.11 x 10-%1)/ 12=5.5x 107* N

(o AU G uilail) 38 o Ay gl 3 6By dgaudl)

Electrical force/gravitational force = 2.3 x 1028/5.5x 1071 =4 x 104 1111

O O Sl NSy Aalial) 568l (e fan S 5iS) Ay g 568N o) LA Jaad Akad
Uatall (o 58l Jags 85 8 g RS A (e 430 cilia i) aa Jaladl) sie 43) gEitiod Lia
SN g

Quiz: By what factor is the electric force between two protons greater than the
gravitational force between them?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

Example (4) o q
A charge Q is fixed at each of two opposite

corners of a square as shown in the figure. A

charge q is placed at each of the other two a
corners. (a) If the resultant electrical force on Q
is Zero, how are Q and q related.

-q a Q

Solution

tnall 4 glse 5 AY) clindll e datlll Q Aiadll e Ay el ol Alans (55 a
(1) A8 Q Lnll wic olas¥) 3 AuSlaiay laiall 8 4y slusia (5 58l) @l ()65 o) any 438
O pdnse (3) 5 (1) Q Al (4) 5 (2) oatindll (SIS o (ia jis ld Giathy a5 Ol

(1) Ll e s il o gl

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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(sl ol 5 oaey) JSAN e gl clalad) daad
Gleatie dayyf dlia o Laadl F gy 5 5al dsie Jidas ey
Salby elial J<all & o b LS laia (548
iase cuilS 1) | i (5 g agiliasa (585 off (Sa
LS yall Aliana S5 T jiia (5 sbust d@l) S yall

Al

Fx:0 = I:12'F13x:0

F,-F3c0s45=0

Fy=0 = Fp-Fy,=0

Fizsin45=F,,

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9

F., = Fy3cos 45
Q_,QQ 1 _ -
KaZ_KZaZ\E = 242
—Q=2\2¢
Fi3sind5=F,,

K@L—K@ Q

2a? /2 a2 = 4=5%5

Of Aasdle aa jiia i Q o sl Alane Jead Ul g 5 Q Op AR & 2
Ol 6 Q B8] Slas g 5)L)

Q=-2V2q

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10



3/6/2011

((((I)))> Physics Academy
General Physics I

Electrostatic: Principles & Applications

Lecture (3): Electric Field
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The Electric Field

Definition of the electric field (E)

Calculating E duetoa charged particle

To find E for a group of point charge

Electric field lines

Motion of charge particles in a uniform electric field

The electric dipole in electric field

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 2
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ELECTRIC FIELD

They preferred to think
of an object producing
a “field” and other
objects interacting with
that field.

they liked to think...

Physicists did not like the concept of
“action at a distance” i.e. a force that
was “caused” by an object a long
distance away.

Thus rather than ...

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3

Definition Of The Electric Field

Whenever charges are present and if | bring up another charge, it
will feel a net Coulomb force from all the others. It is convenient to
say that there is field there equal to the force per unit positive charge.

E-F
a,

The direction of the electric field is
along r and points in the direction a
positive test charge would move.

This idea was proposed by Michael
Faraday in the 1830°s.

Test charge

Source charge

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org



— If g, were positive

Test charge

Source charge

The Coulomb force is F = K%

. . F
The force per unit charge is E = q_
o

and then the electric field at r is due to the point charge q, .
T

The units are N/C.
How do we find the direction.? The direction is the direction a unit positive test
charge would move.

Lo ge Lid) DB AS ja olat) & g (o eS)) sl ol o 6

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5

Y Jall ol

If Q is +ve the electric field at point p in space is radially outward from Q
L) (e 9 AN ola) (B A ga A (i ) gl Jlaall oLl ¢y 685

If Q is -ve the electric field at point p in space is radially inward toward Q
Lol o Jgaall olad) 8 Al L 0o guilill gl Jlanal) ol ¢y 6%

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6
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B8N A Aiad oo gl el Jlaall olai)

@/
Electric Field
from isolated

charges
(interactive)

Electric field from
test particles

Note: the Electric Field is defined everywhere, even
if there is no test charge is not there.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

Representation Of The Electric Field

® The lines must begin on positive charges (or infinity)
® The lines must end on negative charges (or infinity)

® The number of lines leaving a +ve charge (or approaching a -ve charge)
is proportional to the magnitude of the charge

# electric field lines cannot cross

We represent the electric field with lines
whose direction indicates the direction of the
field

Notice that as we move away from the
charge, the density of lines decreases

These are called Electric Field Lines I

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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cliadl) cya Adlida Clay 36l o g SH Jlaall o ghad

ELECTRIC FIELD LINES
LIKE CHARGES (++) OPPOSITE CHARGES (+ -)

This is called an electric dipole.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9

Interpreting Electric Field Lines

The electric field vector, E,
is at a tangent to the
electric field lines at each
point along the lines

The number of lines per
unit area through a
surface perpendicular to
the field is proportional to
the strength of the electric
field in that region

This is called an electric dipole.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10
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» Electric Field

Electric Field E is defined as the force acting on a test particle
divided by the charge of that test particle

E— F
9o F
Thus Electric Field from a
E single charge is
_ . Qq,
F=K=;
r @
r 1
)
4me, r
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 11

Using the Field to determine the force

>
>
E > F=QE
+
>
>
>
<

>

F=QE >

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 12
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A charge +q is placed at (0,1) and a charge —q is placed at (0,-1)
What is the direction of the field at (1,0)?

*A)i+]
*B)i-i
*0)l
*D)-i

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

Example (1)

Find the electric field at point p in the figure due to the charges shown.

(O -8uC
Solution

50cm
oS liaill a8 i o g8 dgladl 8 +2uC +12uC
Jlaall slad) pasty p g S Ay @ 50cm 50cm @
p Ak sie Rt JS 0o g P
el A gl 52 e
o Lﬁi

—

E, =E,+E, + E,

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 14
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3 (-8uC

E,=E,-E, = -36x10*N/C
Ey =E;= 28.8x104N/C 50cm
+2uC E; +12uC
@ 50cm 50cm @
1 E, P E 2

E, = V(36x10%)2+(28.8x10%)2 = 46.1N/C

the resultant
0 =141° electric field

46
28.8 0 =141°
® ¢ ®
36 p
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 15

Example (2) Electric Dipole

Find the electric field due to
electric dipole along x-axis at point
p, which is a distance r from the
origin, then assume r>>a

The electric dipole is positive
charge and negative charge of
equal magnitude placed a distance :
2a apart as shown in figure 3.6 2a

-q

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 16
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. 1
_ +
E, =E,+E, a
E: zi 9 =E, :
47225'0 a2+r? 2 E,sind
a |

Ex = E, sinb - E, sinf

E,cos6 E, cosé E

E>

Ey = E, cos0 + E, cosd = 2E, cosd ¥

-q
2
Ep = 2E, cosO

1 q a
Ep =—— cosé —> (050 =—
472290 az+r? /a2 +r2

1 q a 2aq

Er = > T T
Are, a2+r? \Jaz4r2 Are (r2+ a2)
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The direction of the electric field in the -ve y-axis.

The quantity 2aq is called the electric dipole momentum (P) and has a
direction from the -ve charge to the +ve charge

(b) when r>>a . 2aq
. 4re 13

Spandl e da8)5 dhis ve electric dipole s i) oS Jadl o Gaw Lee iy
4l s electric dipole momentum oladl (pSe (B 4alad) (oS (piiadl) (o Caaiall
O s 138 5 ddliall xS & LuSe iy Jadll ol electric dipole O ) ddaaill

i sl 5 Al Alls 8 die ST (6 ALl ae Jlaal) (il
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Problems To Solve By Yourself

(1) Find the total electric field along —4.7uC +9uC
the line of the two charges shown in ©) - ®
the figure at the point midway < 3m >
between them.
+q -2q
e
(2) What is E in magnitude and b

direction at the center of the square a a
shown in the figure? Assume that
g=1puC and a=5cm.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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The Electric Field

Definition of the electric field (E)

Calculating E duetoa charged particle

To find E for a group of point charge

Electric field lines

Motion of charge particles in a uniform electric field

The electric dipole in electric field
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Motion Of Charge Particles In A Uniform Electric Field

If we are given a field E, what forces will act on a charge placed in it?

Lo e A 4 5 58 Sy (e Jlaall (I B (oS Dl (B M LGS ) s S A gy i
E

>
E > F=QE

<
F=QE

‘ |
VVVYYVYY
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(o) e Al 5 g 030 Jar’ gy 4 5 51 (2 AT S Joa (B 0555 Latie Ainl
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F,=qE =md
P S Jae (B G gadiall anall Lgy  ay A Alpal) (8 Al
_ _qE
a=—
m

EAS Jaal) B Las culiolatl g i Jlaa 4l Jlaall ) (o) aliiia 2 S Jlaall G813
1 Agl S RN U Al Ll AYIg A ge Ay Ladaa) (i gadia (aa gl 08 @l
Al s 8l s A8 ) () 98 (Gakal O Sy W tie 5 A4 (980 () padial) pad)

Aady 0 gadia ) S 1315 Jlaall a@\yﬂﬂﬁ@k_@y:ﬂ;@a@w! LS
Sl bl use B &y 43l ddla
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Example (1)

<o

A positive point charge q of mass m is released from restina |+
uniform electric field directed along the x-axis as shown in the
figure, describe its motion.

Solutions: V=0 V=>

The acceleration is given by = @1
qE
m
Since the motion of the particle in one dimension, then we can 3

+
Y

a=

apply the equations of kinematics in one dimension
X-X,= Vot+ %2 at? V=V, +at v2=v 2 + 2a(X-X,)

Taking x,=0and v, =0

X =% at? = (qE/2m) t?
v=at=(gE/m)t
vZ =2ax = (2qE/m)x

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5

Example (2)
In the above example suppose that a negative charged particle is projected
horizontally into the uniform field with an initial velocity v, as shown in the figure.
describe its motion.

Solutions:

Since the direction of electric field in the y direction, and the charge is negative,
then the acceleration of charge is in the direction of -y.

qE
a=—-——
m
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6

3/8/2011



The motion of the charge is in two dimension with constant acceleration, with
Vyo = Vo & v,=0

The components of velocity after time t are given by
Vv, =V, = constant
v, =at=-(qE/m)t
The coordinate of the charge after time t are given by
X = vt
y =Y at? = - 1/2 (qE/m) t2
Eliminating t we get
E
y = q g X2
2my,

we see that y is proportional to x2. Hence, the trajectory is parabola.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

The Electric Dipole In Electrie Field

If an electric dipole placed in an external electric G(D
field E as shown in the figure, then a torque will
act to align it with the direction of the field.

B {
T=PxE GD
T=PEsin0
M
>
A%
=—-q
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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Ladie (g8aty 139 jhall Lgbua )93 ¥ @68 Ledis equilibrium o33 s 8 qulalll Al 68
(0=2zero, m) Qs

PO O—®

(ii) 0)

stable Jiiws G5 gy A dipole o) JBs 0= @ Lis (i) JSA) A muasall pasl b
0= 0 ada sl ) & oo 4dld 5 b 4y ) 33 g 3f 13) 43¥ equilibrium

unstable iwa & o5 ady A dipole ) o J& (i) JS& b pagall pagll B Ly
0= 0 pasll I gy dipole 4 s o (Ao Jaad g 4l 8 pua dal)) 0¥ equilibrium
0=m oy
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Example (3)

+ql +q
O 0,
What is the electric field in the lower left corner
of the square as shown in figure? Assume that g
=1x107C and a = 5¢cm. = 3
O
_2q

Solutions:
E, =E,+E, +E,

1
E,=— 4
dre, a2
e - 1 oa
dre, 2a?
1 2
E3 = j E2 ;
47[80 a2 El

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Evaluate the value of E;, E,, & E;

* E; =3.6x10° N/C,
* E,=1.8x10°N/C,
*E;=7.2x10°N/C
We find the vector E, need analysis to two components

e E, =E, cos45
* B, =E,sind5
E, = E; - E,c0845 = 7.2x10° - 1.8x10° cos45 = 6x10°N/C
E, = -E; - E;sin45 = -3.6x10°- 1.8 x10° sin45 = - 4.8x10° N/C

E=JE?+E =77x105N/C

6 =tan? ? = -38.6°

X

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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mple (4)

-5q 2q

In figure shown, locate the point at which O ®

the electric field is zero? Assume a = 50cm P a ti

Solutions:

SIS Akl o)V ALl (e o gl Jlaall Wadie admdy Al AJAIY ()65 0 S Y
-5 2
Vo q s , 9 g P g

Us b oad Ua Ly . - . e
OH Ofigliidl sl < a >k d
ladie adeiy Al ddadil) a+d
ol G 0585 Jlaall
Q\_'x.'i;.\:aﬂ . ;gLs. u}. Ll El = E2
Ll 5Ly b cuiliae
cul e S 1 2q 1 5q
Bl Gy o 4, (05+d)?  4m, (d)?
e Al s Legin dual 511
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Problems To Solve By Yourself

+
(1) Calculate E (direction and magnitude) at point 7 )
P in the figure. P’
a
(2) Charges +q and -2q are fixed a distance d apart +2g +q

as shown in the figure. Find the electric field at a
points A, B, and C.

(3) A uniform electric field exists in a region between two oppositely charged
plates. An electron is released from rest at the surface of the negatively charged
plate and strikes the surface of the opposite plate, 2.0cm away, in a time 1.5x103s,
(a) What is the speed of the electron as it strikes the second plate? (b) What is the
magnitude of the electric field E?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 14
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Multiple Choice Questions

1. The magnitude of the electric force between two protons is 2.30x10-26
N. How far apart are they? (a) 0.100m (b) 0.022m (c) 3.10m (d)
0.0057m (e) 0.48m

2. Estimate the magnitude of the electric field due to the proton in a
hydrogen atom at a distance of 5.29x10-! m, the expected position of the
electron in the atom. (a) 1011 N/C (b) 108 N/C (c) 10 N/C (d) 106 N/C (e)
1012 N/C

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 2



3. A very small ball has a mass of 5.00x10-3 kg and a charge of 4.00 pC.
What magnitude electric field directed upward will balance the weight of
the ball so that the ball is suspended motionless above the ground? (a)
8.21x10%2 N/C (b) 1.22x10* N/C (c) 2.00x10-2 N/C (d) 5.11x10® N/C (e)
3.72x103 N/C.

4. An electron with a speed of 3.00x10° m/s moves into a uniform electric
field of magnitude 1.00x103 N/C. The field lines are parallel to the
electron’s velocity and pointing in the same direction as the velocity. How
far does the electron travel before it is brought to rest? (a) 2.56 cm (b)
512cm (c) 112 cm (d) 3.34 m(e) 4.24 m

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3



5. A point charge of -4.00 nC is located at (0, 1.00) m. What is the x
component of the electric field due to the point charge at (4.00, -2.00) m?
(a) 1.15 N/C (b) -0.864 N/C (c) 1.44 N/C (d) -1.15 N/C (e) 0.864 N/C.

9. (i) A metallic coin is given a positive electric charge. Does its mass (a)
increase measurably, (b) increase by an amount too small to measure
directly, (c) remain unchanged, (d) decrease by an amount too small to
measure directly, or (e) decrease measurably? (ii) Now the coin is given a
hegative electric charge. What happens to its mass? Choose from the same
possibilities as in part (i).

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 4



10. Assume the charge objects in the figure are fixed. Notice that there
is no sight line from the location of ¢, to the location of ¢. If you were at
¢;, You would be unable to see ¢, because it is behind ¢g;. How would you
calculate the electric force exerted on the object with charge ¢? (a) Find
only the force exerted by ¢, on charge ¢,. (b) Find only the force exerted
by ¢g; on charge ¢,. (c) Add the force that ¢, would exert by itself on
charge ¢, o the force that ¢; would exert by itself on charge ¢l1. (d) Add
the force that ¢g; would exert by itself to a certain fraction of the force
that ¢, would exert by itself. (e) There is no definite way to find the force

on charge ¢,. |
— 3 P x
) ? 92

14. An object with negative charge is placed in a region of space where
the electric field is directed vertically upward. What is the direction of
the electric force exerted on this charge? (a) It is up. (b) It is down. (c)
There is no force. (d) The force can be in any direction.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5



-«

(1) Three point charges lie along a straight line as shown in the figure,
where ¢, = 6.00 uC, ¢, = 1.50 pC, and g5 = -2.00 uC. The separation
distances are d; = 3.00 cm and d, = 2.00 cm. Calculate the magnitude and
direction of the net electric force on (a) ¢, (b) ¢», and (c) gs.

7

@

q2 qs
) .
=

Lﬁ ([1 —»L (L_,—»l
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(2) Find the total electric field along the —4.7.C +9uC

line of the two charges shown in the figure
at the point midway between them.

(3) What is £ in magnitude and direction at
the center of the square shown in the
figure? Assume that ¢=1uC and a=5cm.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

3m >
+q . -29
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A A
P
a a
v v
@< >
-q a +2q




(4) Calculate £ (direction and magnitude) at point P in

) +tq
the figure.

(5) A uniform electric field exists in a region between two oppositely
charged plates. An electron is released from rest at the surface of the
negatively charged plate and strikes the surface of the opposite plate,
2.0cm away, in a time 1.5x108s. (a) What is the speed of the electron as it
sE’gr'ikes the second plate? (b) What is the magnitude of the electric field

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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The Electrie Flux due @ an Electric Field

We have already shown how electric field can be described by lines of force. Aline
of force is an imaginary line drawn in such a way that its direction at any point is
the same as the direction of the field at that point. Field lines never intersect, since
only one line can pass through a single point.

The Electric flux (@) is a measure of the number of electric field lines penetrating
some surface of area A.

Case one:

Area=A
The electric flux for a plan surface perpendicular to a 1
uniform electric field . To calculate the electric flux we recall —
that the number of lines per unit area is proportional to the —~— e

I

magnitude of the electric field. Therefore, the number of
lines penetrating the surface of area A is proportional to the
product EA. The product of the electric filed E and the
surface area A perpendicular to the field is called the electric
flux ®@.

O=EA The electric flux ® has a unit of N.m?/C.

W
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Case Two

The electric flux for a plan surface make an Normal

angle @ to a uniform electric field A s
——

Note that the number of lines that cross-area is — \\\;\\__‘\\

equal to the number that cross the projected N e

area A’, which is perpendicular to the field. A’:Acosg/" ~

From the figure we see that the two area are
related by A'=Acos@. The flux is given by:

Where 0 is the angle between the electric field E and the normal to the surface A

OsS Latie s jha e 13 01589 0 = 0 sl Jiall o Lagae ehanal) 5% Latie alie a1 Qi (1% 1)
Aaliall o Laila gages ga g daluall dnte & A daiall ¢f Ua BaY 0 = 90 Latie i Jlaall 31 50 rhanad)
Aalal) jlaia o gy dlshy
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Case Three
In general the electric field is nonuniform over the surface

The flux is calculated by integrating the normal component of the field over the
surface in question. i

@:{E.A

The net flux through the surface is proportional to the

net number of lines penetrating the surface.

- (Rnge il i€ 1)) whaad) (e Aa AN laghdl) e 6§ net number of lines = dgalally
(Al Aail) s 1)) ad) ) &30 T gladd) aae
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Example

What is electric flux @ for closed cylinder of radius R immersed in a uniform

electric field as shown in figure
dA Gaussian
0 F / surface
b

7 6-,
dA \ -
Q—Qj : E fis—>

a c dX

Solution
ode) JLal) (B Ao gal) A ) o gy 58 gkl
®={EdA = {EdA+ {EdA+ fEdA
@ () (3)

= f E cos180dA + f E cos90dA + f E cos0dA
® @ ®)

Since E is constant then
O=-EA+0+EA=zero
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Example

Electric flux. (a) Calculate the electric flux ANAN K
through the rectangle in the figure (a). The RN
rectangle is 10cm by 20cm and the electric — N .
field is uniform with magnitude 200N/C. (P,

(b) What is the flux in figure if the angle is ALa— AN

30 degrees? -

(a) (b)

@, =E- A= EAcosé

0=0
® = EAcosd=EA= (200N /C)-(0.1x0.2m*) =4.0N-m?/C

6=30
@, = EAC0s30" = (200N /C)-(0.1x0.2m? |cos30° =3 5N -m?/C

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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The Electrie Flux due to 2 Point Charge

To calculate the electric flux due to a point charge we consider an imaginary
closed spherical surface with the point charge in the center, this surface is called
gaussian surface. Then the flux is given by

Gaussian
D= §Ed,& = EfdACOSH (e - 0) \ + surface
g q 2 X dA;
®= dA= Az D--
4re r? '[ 4re r? q,+,, -)E'L_E.
®= -
80

Note that the net flux through a spherical gaussian surface is proportional to the
charge q inside the surface.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9

GCaussian Surace

Consider several closed surfaces as shown in
figure surrounding a charge Q as in the figure

below. The flux that passes through surfaces S, \
S, and S; all has a value g/g, Therefore we \ ! /
conclude that the net flux through any closed :
surface is independent of the shape of the »// \\

surface.

Consider a point charge located outside a closed

surface as shown in figure. We can see that the

number of electric field lines entering the surface P .

equal the number leaving the surface. Therefore = -
the net electric flux in this case is zero, because

the surface surrounds no electric charge.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10
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Example

In figure two equal and opposite charges of 2Q and -2Q what is the flux @ for
the surfaces S;, S,, S;and S,.

Solution

For S, the flux @ = zero
For S, the flux @ = zero S

For S; the flux @ = +2Q/ g, @

For S, the flux @ =-2Q/ g,

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 11

GCauss s Law

Gaussian
surface
Gauss law is a very powerful theorem, which relates any charge \
distribution to the resulting electric field at any point in the n
vicinity of the charge. As we saw the electric field lines means \ dA;
that each charge g must have g/e, flux lines coming from it. This (‘li’ p EL‘—'E

is the basis for an important equation referred to as Gauss’s law.
Note the following facts:

If there are charges q,, 0,, Qg ..... q, inside a closed (gaussian) surface, the total number of
flux lines coming from these charges will be

(Q+d+dgt .. +q,)/e, e
The number of flux lines coming out of a closed surface is the integral of over the surfacefE-dA
We can equate both equations to get Gauss law which state that the net electric flux through a
closed gaussian surface is equal to the net charge inside the surface divided by ¢,

Gauss’s law fEdA = Gin
80

where g, is the total charge inside the Gaussian surface.

Gauss’s law states that the net electric flux through any closed Gaussian surface is
equal to the net electric charge inside the surface divided by the permittivity.
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GCauss s Law ane Coulemb’s Law

We can deduce Coulomb’s law from Gauss’s law by
assuming a point charge g, to find the electric field at point
or points a distance r from the charge we imagine a
spherical Gaussian surface of radius r and the charge g at
its center as shown in figure.

£ gi = din
§E.dA_go

fEcosOdA:qi
&

Because E is constant for all points on the sphere, it can be factored from the inside of the
integral sign, then

9 9 2y _ Ui
EqdA=—" EA =" E(4nr<) =" L E=
§ e, - e, - ( ) e, - 4 =

Now put a second point charge g, at the point, which E is calculated. The magnitude of
the electric force that acts on it F = Eq,

e 1 qq,
Coulomb’s law Sy

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

Problems To Solve By Yourself

(1) A flat surface of area 3.20 m? is rotated in a uniform electric
field of magnitude £5 6.20 x 10> N/C. Determine the electric flux
through this area (a) when the electric field is perpendicular to the
surface and (b) when the electric field is parallel to the surface.

(2) Find the net electric flux through +l(%nC
the spherical closed surface shown in .90 nc .o
the figure. ~3.00 nC
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Conductors in Electrostatic Equilibrium

A good electrical conductor, such as copper, contains charges (electrons) that are
free to move within the material. When there is no net motion of charges within
the conductor, the conductor is in electrostatic equilibrium.

Conductor in electrostatic equilibrium has the following properties:

Any excess charge on an isolated conductor must reside entirely on its surface.
(Explain why?) The answer is when an excess charge is placed on a conductor,

It will set-up electric field inside the conductor.

These fields act on the charge carriers of the conductor (electrons) and cause
them to move i.e. current flow inside the conductor.

These currents redistribute the excess charge on the surface in such away that the
internal electric fields reduced to become zero and the currents stop, and the
electrostatic conditions restore.

The electric field is zero everywhere inside the conductor. (Explain why?) Same
reason as above.
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Conducting Slab in an External Electric Field

In the figure it shows a conducting slab in an

external electric field E. E - E
The charges induced on the surface of the slab - *

. . . —_— B ——
produce an electric field, which opposes the _ ;
external field, giving a resultant field of zero in the _ +
conductor. - . —

—— +—
— +—
A S e B Aaga Aiama Aag pd g 3 JilBal) JSE)) (B ——— -] b———

Siaay 13la

daid A all Boa ciliadll of Ly Mg Aage dagydll il
LS Ve e ol JSA b LS )il mhadl ) cliadl)
Bala JAId gl Jlaal) ¢ s 138 g A L gsh) Jlaal) (uSlay

Aa g gl Jua gall

Al A3LaY) Ay g Ainddly jhaa (5 st Juagall Bk JA1 g8 Jlanal) o) SIS Laifa
G sall il mhall o
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Applications of Gauss’s Law

Gauss’s law can be used to calculate the electric field if the symmetry of
the charge distribution is high. Here we concentrate in three different
ways of charge distribution

Jaal) dag) sy G Ladll Juatia @)si 08 @ (o gs)) Jlaad) Gl Gugla (588 padiay
O5ada A phu gl ¢ sadia dlu Ladll Jaiall gyjeil) el (rag 28068 0988 PRI (S
Adal) A, Aol puilaie g6 9 Adadl) a8 () QRS Al b (B (A gadia B8
i 2l e charge density Adaudd) AU ¢ o<

Volume Surface Linear Charge distribution
o) o A Charge density
C/m3 C/m? C/m Unit
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A Linear Charge Distribution

In the figure calculate the electric field at a distance r from a uniform
positive line charge of infinite length whose charge per unit length is
A=constant.

The electric field E is perpendicular to the line of
charge and directed outward. Therefore for Gaussian
symmetry we select a cylindrical gaussian surface ~ surface

of radius r and length L. \/

The electric field is constant in magnitude and
perpendicular to the surface. ¢

The flux through the end of the gaussian cylinder
is zero since E is parallel to the surface.

The total charge inside the gaussian surface is AL.
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A Linear Charge Distribution, Continue

Applying Gauss law we get — -
aussian + |
surface il [*—71\ !
- - i |
FEAA=T  clludl Loy sl el o sl 0586 G s T
&, ; ! T:;T»
AL | ‘
EfdA="2 ds auiana o g B |
g, L
AL :
E2arL == J«lSﬂ\:\.;JAchja.\ e
&, (a)
A
~“E = et ‘\\ //E
&
Ulagi Al daiil) Gudl o Juandan gy g8 aladialy 43 Ua JBadl A//\\.
el 4Byl g 05198 (5B (Gl Lgd
(b)
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

A Suriace Charge Distributbien

S
In the figure calculate the electric field due to o
non-conducting, infinite plane with uniform . 4 x|
charge per unit area . \E"l x ;* ¥
The electric field E is constant in magnitude and Il 5 &

perpendicular to the plane charge and directed outward
for both surfaces of the plane. Therefore for symmetry
we select a cylindrical gaussian surface with its axis is
perpendicular to the plane, each end of the gaussian )\
surface has area A and are equidistance from the plane. (y Gaussian
The flux through the end of the gaussian cylinder is EA Hlinder
since E is perpendicular to the surface.

The total electric flux from both ends of the gaussian
surface will be 2EA.

Applying Gauss law we get

= v i oA o
fEdA=Tn 2EA=T e
£, £, 25
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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An Insuletecd Concductor

quuJuUJshM&aﬂ\Ghuulﬁ&Jyw\u$u.ll.ul.usd :w

Jasal) g4 Jladl) Aady e bl Juagal) s Jla JM\ \ ++
+
o \/ +
+ +
E=7 L ¥
o ++ .
L

chall e s Ladll of dun (a4l Gl mhad (WY as sl of Jaadl odlel i sall JSE B
e sall Jals Lm0 lldg o gall (3580 (531 LAY handl jiall G glse (il ()55 e ¢ 1A

O @l ¢ saiall g o) Alla 8 Jladll dad Coria (5 gy Joasall Alla 8 Jladll o Lin 1aaY
chadl (e zoAS el laghd JS L c(Jeagall je mhall Al 4 bl e z AT Jlawal) daglad
hasall s 8 oAl
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A Velume Charge Distribution

In the figure shows an insulating sphere of radius a has a uniform charge
density p and a total charge Q.

1) Find the electric field at point outside the sphere (r>a)
2) Find the electric field at point inside the sphere (r<a)

ry \\\
| £ -~ Gaussian
| B/ / sphere
' | \ 1 |
T\ |
| R
. \\
N - Gaussian -
- sphere
(a) (b)
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1) Find The Electric Field at Point Outside the Sphere (R>a)

We select a spherical gaussian surface of radius r, concentric with the
charge sphere where r>a. The electric field E is perpendicular to the
gaussian surface as shown in figure. Applying Gauss law we get

&

o

fEdA="n P

E§A=E(4;zr2)=2 |'
&

. /
o v y

N \\__ J// /
Q N
" E=—_ S P Gaussian
472-5 r 2 (for r>a) . E _)7 sphere
o a)

Note that the result is identical to appoint charge.
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2) Find The Electric Field at Point Inside the Sphere (R <a)

We select a spherical gaussian surface of radius r, concentric with the
charge sphere where r<a. The electric field E is perpendicular to the
gaussian surface as shown in figure 4.17. Applying Gauss law we get

fEdA=Tn
80
It is important at this point to see that the charge inside the rm——
gaussian surface of volume V" is less than the total charge Q. £ -~ \ Gaussian
! T 4
. . [ ;‘/'i/ sphere
To calculate the charge q;,, we use g;,=pV", where V'=4/3xrs, | '
Therefore, —
Gin =PV =p(4/3nr®) .
Ef A= E(d4ar?)=Tn
80
3
Are r® Amer®  3g,
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 12
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3

= L — p%ﬂr =LI’ a
472'80r2 47z'gor2 380 /
since p= ; Q -
Qr
E=——"7 for r<a
4z a® ( )

Note that the electric field when r <a is proportional to r, and when r >a
the electric field is proportional to 1/r2.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

Steps Which Should be Followed in Solving
Problems

1. The gaussian surface should be chosen to have the same
symmetry as the charge distribution.

2. The dimensions of the surface must be such that the surface
includes the point where the electric field is to be calculated.

3. From the symmetry of the charge distribution, determine the
direction of the electric field and the surface area vector dA,
over the region of the gaussian surface.

4. Write E.dA as E dA cos6 and divide the surface into separate
regions if necessary.

5. The total charge enclosed by the gaussian surface is dq = [dq,
which is represented in terms of the charge density ( dq = Adx
for line of charge, dq = odA for a surface of charge, dq = pdv
for a volume of charge).

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 14



4/3/2011

((((x)))) Physics Academy
General Physics 11

Electrostatic: Principles & Applications

Lecture (8): Discussion on Gauss’s Law

\
. Dr. Hazem Falah Sakeek
ee—
Al-Azhar University of Gaza
Example 1

If the net flux through a gaussian surface is zero, which of the
following statements are true?

a) There are no charges inside the surface.

b) The net charge inside the surface is zero.

c) The electric field is zero everywhere on the surface.

d) The number of electric field lines entering the surface equals
the number leaving the surface.

Ofinmaa (d) 5 (b) osilead)

Gl s BB SN ) o e (aly Gusla (538 (Y damaa 35 pall Gl (g) Aead)
058 O S eJiall dass e g, A0 Gl e A puiie hasd) Jals AISH Aiall) (5 sl
el Jals (b i

S ) ol s o oSy ¥ adld Gdall byslsa 0585 )OSy GASI) Gl O (5 02 10
M\a&&)ﬂmgj@
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Example 2

A spherical gaussian surface surrounds a point charge g. Describe
what happens to the: flux through the surface if

1. Thechargeis tripled,

The volume of the sphere is doubled,

2
3. The shape of the surface is changed to that of a cube,
4

The charge is moved to another position inside the surface;

A G2l Y ) ya B A2 ) oo N QRal) (8 @ pe 3 Aadll @) 1)

el Ja1s Dadl) g Ll iy
ial) ¢y Apasl) (il Jamy 0133 Y aaal) oY caaal) iy Ladie ity ¥ (il
Q! JS4 ity Ladis iy Y ()

el J30 Lall) & ot Lasie ghad) JAN i Y s A e gl
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Example 3 A Sphere Inside a Spherical Shell

A solid conducting sphere of radius a
has a net charge +2Q.

A conducting spherical shell of inner
radius b and outer radius c is
concentric with the solid sphere and
has a net charge —Q as shown in the
figure.

Using Gauss’s law find the electric
field in the regions labeled 1, 2, 3, 4
and find the charge distribution on the
spherical shell.

. 20
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49 1) 5yl g AdANal 5 Sl o Adaid) ay g

38l 58U Lo AN whad) e +2Q
4950 5,880 LIa0) mhad) e -2Q

g 810 3 a8l Lo Al mhadl £ +Q
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Solution

Lild Adlid ghlia die o gl Jlaal) il GUA <5 g S Jilad Lgd oy <1 o Adal) a8 of Badl
1okl ciual JUAN (g 98 (gl gl O Gl s

Region () r<a

To find the E inside the solid sphere of radius a we
construct a gaussian surface of radius r < a

E = 0 since no charge inside the gaussian surface.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6



4/3/2011

Region (2)a<r<b

we construct a spherical gaussian surface of radius r

bghi oy 2Q il Aagall 580 Lad A Gugls pha Jal Bysanall Ladl) of Ua BaY
bl e ekl el Jaadls § = 0 ¢l pugls o (e Aa g JUaEY) Ciliadl olal B Jlaal)

__1
e, r?

a<r<b
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Region (4)r>c

we construct a spherical gaussian surface of radius r > ¢, the total net charge
inside the gaussian surface is q = 2Q + (-Q) = +Q Therefore Gauss’s law gives

fEdA="n
go
2
E41tr2:—Q
£, "
__1Q

- 2
Are, 1

r>c

Region (3)b>r<c

Jala A il o5 llagl Aaga Ay SN B R O da S O quag ARkl oda (B o 5eS Jlaall
JAa i o g b<r<c gusls gl

AR mhaudly AR mhaad) o ddad gl At b Agg <l Budal o -Q Adadl) of mitied 1)
o Ayglone BRI mhaaldl o Lad Gally 858 Ml -Q  Auasall (oS3 Cuny dyg KUY 5 uEN
L) Jigead) clidara & LS 4df Cung -2Q of 3 LY B Lyt Alllaag Ala)al 58N Lo Lalll jlaial)
+Q 0S8 Of i Ay g 8N A A mhad) e of mitiad -Q (A dag S 5 dEl e A<
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Example 4

Two large non-conducting sheets of +ve charge face each other as shown
in the figure. What is E at points (i) to the left of the sheets (ii) between
them and (iii) to the right of the sheets?

3 488 Ak (gl vie Jemge e bl o jeSU el () plas

E=2
2¢,

(a) At point to the left of the two parallel sheets
E=-E, +(-E,) =-2E
o

LE=——
£

o

(b) At point between the two sheets
E=E,; + (-E,) = zero

m

A

[
[

(c) At point to the right of the two parallel sheets

E=E,+E,=2E s
nE=S

o

N e e e i e e e e
N EEEEEEEEEET §

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9

Example 5

A long straight wire is surrounded by a hollow cylinder +A
whose axis coincides with that wire as shown in the
figure. The solid wire has a charge per unit length of
+A, and the hollow cylinder has a net charge per unit C

length of +2A.. Use Gauss law to find

Y

(a) the charge per unit length on the inner and outer

surfaces of the hollow cylinder and

(b) the electric field outside the hollow cylinder, a

distance r from the axis. \/

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10



Solution

(a) Use a cylindrical Gaussian surface S, within the conducting
cylinder where E=0

O ) +A
Thus, ft;E.dA:qi:O
£

o
and the charge per unit length on the inner surface must be
equal to

}"inner =-A
Also }"inner + ?"outer =2\
Thus Aouter = A

(b) For a gaussian surface S, outside the conducting cylinder

JEGA= o ~—

&

1 o
E(27rL) == (1-A+32)L
80
32
2me, v
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Example 6 )

Consider a long cylindrical charge

distribution of radius R with a uniform n| L

charge density p. Find the electric field at \

distance r from the axis where r<R.

N
\Y

4/3/2011

+2 A

11

If we choose a cylindrical gaussian surface of length L and radius r, Its volume is mr2L,

and it encloses a charge pnr?L. By applying Gauss’s law we get,

r’L
fE.dA:ﬁ becomes, E§dA:pL
g, g,
prr’L

dA=2zrL therefore, E(27rL) =
Thus,

o

r
E= % Radially outward from the cylinder axis,

o

Notice that the electric field will increase as p increases, and also the electric field is
proportional to r for r<R. For the region outside the cylinder (r>R), the electric field will

decrease as r increases.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Problems to Solve by Yourself

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

Problem 1

An electric field of intensity 3.5x103N/C is applied the x-axis.
Calculate the electric flux through a rectangular plane 0.35m wide
and 0.70m long if

(a) the plane is parallel to the yz plane,
(b) the plane is parallel to the xy plane, and

(c) the plane contains the y axis and its normal makes an angle of
40° with the x axis.
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Problem 2

A point charge of +5uC is located at the center of a sphere with a
radius of 12cm. What is the electric flux through the surface of this
sphere?

Problem 3

(a) Two charges of 8uC and -5uC are inside a cube of sides 0.45m.
What is the total electric flux through the cube? (b) Repeat (a) if the
same two charges are inside a spherical shell of radius 0. 45 m.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 15
Problem 4
Four closed surfaces, S,, through S,, together e S

with the charges -2Q, +Q, and -Q are sketched
in the figure. Find the electric flux through
each surface.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 16
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Problem 5

The electric field everywhere on the surface of a hollow sphere of
radius 0.75m is measured to be equal to 8.90x102N/C and points
radially toward the center of the sphere.

(a) What is the net charge within the surface?

(b) What can you conclude about charge inside the nature and
distribution of the charge inside the sphere?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 17

Problem 6

A conducting spherical shell of radius 15cm carries a net charge
of -6.4puC uniformly distributed on its surface. Find the electric
field at points (a) just outside the shell and (b) inside the shell.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 18
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Problem 7

A long, straight metal rod has a radius of 5cm and a charge per
unit length of 30nC/m. Find the electric field at the following
distances from the axis of the rod: (a) 3cm, (b) 10cm, (c) 100cm.

Problem 8

A square plate of copper of sides 50cm is placed in an extended
electric field of 8x10*N/C directed perpendicular to the plate. Find
(a) the charge density of each face of the plate and (b) the total
charge on each face.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 19

Problem 9

A solid copper sphere 15cm in radius has a total charge of 40nC.
Find the electric field at the following distances measured from
the center of the sphere: (a) 12cm, (b) 17cm, (c) 75cm. (d) How
would your answers change if the sphere were hollow?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 20
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Problem 10

A solid conducting sphere of radius 2cm has a positive charge of
+8uC. A conducting spherical shell d inner radius 4cm and outer
radius 5cm is concentric with the solid sphere and has a net
charge of -4uC. (a) Find the electric field at the following distances
from the center of this charge configuration: (a) r=1cm, (b) r=3cm,
(c) r=4.5cm, and (d) r=7cm.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 21

Problem 11

A non-conducting sphere of radius a is placed at
the center of a spherical conducting shell of inner
radius b and outer radius ¢, A charge +Q is
distributed uniformly through the inner sphere
(charge density pC/m?3) as shown in the figure. The
outer shell carries -Q. Find E(r) (i) within the sphere
(r<a) (ii) between the sphere and the shell (a<r<b)
(iii) inside the shell (b<r<c) and (iv) out side the
shell and (v) What is the charge appear on the
inner and outer surfaces of the shell?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 22
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Problem 12
A solid sphere of radius 40cm has a total positive charge of 26uC
uniformly distributed throughout its volume. Calculate the electric

field intensity at the following distances from the center of the
sphere: (a) 0 cm, (b) 10cm, (c) 40cm, (d) 60 cm.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 23

Problem 13

An insulating sphere is 8cm in diameter, and carries a +5.7uC
charge uniformly distributed throughout its interior volume.
Calculate the charge enclosed by a concentric spherical surface
with the following radii: (a) r=2cm and (b) r=6cm.
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Problem 14

A long conducting cylinder (length |) carry a total
charge +q is surrounded by a conducting
cylindrical shell of total charge -2q as shown in
the figure. Use Gauss’s law to find (i) the electric
field at points outside the conducting shell and
inside the conducting shell, (ii) the distribution of
the charge on the conducting shell, and (iii) the
electric field in the region between the cylinder
and the cylindrical shell?
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Problem 15

Consider a thin spherical shell of radius 14cm with a total charge
of 32uC distributed uniformly on its surface. Find the electric field
for the following distances from the center of the charge
distribution: (a) r=10cm and (b) r =20cm.

Problem 16

A large plane sheet of charge has a charge per unit area of
9.0uC/m2. Find the electric field intensity just above the surface of
the sheet, measured from the sheet's midpoint.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 26
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Problem 18

Two large metal plates face each other and carry
charges with surface density +¢ and -c respectively,
on their inner surfaces as shown in the figure. -
What is E at points (i) to the left of the sheets (ii) -
between them and (iii) to the right of the sheets?

|
F+++++++++++++++
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Electrostatic: Principles & Applications

Lecture (9): Electric Potential

Dr. Hazem Falah Sakeek
Al-Azhar University of Gaza

Electric Potential

Definition of electric potential difference

The Equipotential surfaces

Electric Potential and Electric Field
Potential difference due to a point charge
The potential due to a point charge
Electric Potential Energy

Calculation of E from V

© N o g~ w DB

Problems

S8 ) Adady haal) §1 Al B Sl Ll Ge ) WiSey (S alafl Giger Juadl) o3 B
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Electrostatic force Gravitational force

i 2, i, AL, 2

—% A
A 4o l
l F=mg
F=qgoE

Electric energy is one type of energy
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Definition of Electric Potential Difference

We define the potential difference between two points A and B as the work
done by an external agent in moving a test charge g, fromAto B i.e.

w
VB - VA - A5
qo
A
» |
v
- 1 E: B A
9.
A A
> |
v

The unit of the potential difference is (Joule/Coulomb) which is known as
\olt (V)

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6
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Electric Potential Difference is Scalar

The potential difference is independent on the path between A and B.
Since the work (W,g) done to move a test charge q, from A to B is
independent on the path, otherwise the work is not a scalar quantity. (see

example 2)
. o _ Wyp
Since the work may be (a) positive i.e Vg >V, Vp—Va= q

o

(b) negative i.e Vg < V4
(c)zeroi.e Vg =V,
You should remember that the work equals

W=F, I =F, cosdl

If 0<0<90= cos0 is+ve and therefore the W is +ve
190 <6 <180 = cos 0 is -ve and therefore W is -ve
If 6 = 90 between F,, and | = therefore W is zero

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

Electric Potential

ELECTRIC POTENTIAL

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8



4/7/2013

The Equipotential surfaces

As the electric field can be represented graphically by lines of force, the
potential distribution in an electric field may be represented graphically by
equipotential surfaces.

The equipotential surface is a surface such that the potential has the same

value at all points on the surface. i.e. Vi -V, = zero for any two points on one
surface.

o Electric field line

+ +|

F T

1
+

Equipotential

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9

The Equipotential surfaces
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The work is required to move a test charge
between any two points on an equipotential
surface is zero. (Explain why?)

B Al Gy Jeala (5 sty JRl) () 1) 1D B casnad) 3 gay
B A Ol G gl (38
W 4p
Vg -V, = 2 —> | W =q,(Vg—V,)
(7]
dsbsall Jolll b Jha s g V-V, % G O) Cung
LAa (g gl ) Aadl) &y ail
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In all cases the equipotential surfaces are at
right angles to the lines of force and thus to
E. (Explain why?)

gl o Lagas 0% al (Sl Jiaall of pa il .
e gall JSal) B Las agall (s sluia

48 ,a Laaaa) Jlaall oSy Al ol A 05 o
(Aplaall 45 jall) rhaall ;50 4 (5 A1 g 42 9o

chu o Aad Al Jeluall Jrdll o) alad .
Adlall odd (A (Sly ha golw gl (g sbuda
il b Al Jhy o) g Jid dla b (a jdall
Thadl G581 g Llaal) 48l 25040
.\g.#‘éjb.uh

ol i ¥ s Jaal olb (RBU 1 Jaly e
g Jaall (S 13 Jadd (g8aty 13 g dulan 43S ya
el g gluda s o
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Properties of equipotential surfaces

1. The net electric force does no work as a charge moves on an
equipotential surface.

2. The electric field created by any charge or group of charges is
everywhere perpendicular to the associated equipotential surfaces.

3. The electric field points in the direction of decreasing potential.

Quiz

The labeled points in the figure are on a 9V
series of equipotential surfaces associated
with an electric field. Rank (from greatest to 8 V.
least) the work done by the electric field on a
positively charged particle that moves from
Ato B, from Bto C, from Cto D, and from

DtoE.
6V

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

Electric Potential and Electric Field
Simple Case (Uniform electric field):

The potential difference between two points A &
and B in a Uniform electric field E can be
found as follow,

Assume that a positive test charge g, is moved
by an external agent from A to B in uniform d
electric field as shown in the figure. ¢

The test charge q, is affected by electric force
of g,E in the downward direction. To move
the charge from A to B an external force F of
the same magnitude to the electric force but v A
in the opposite direction.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 14



Electric Potential and Electric Field continue

The work W done by the external agent is:
Wyag = Fd = g,Ed

The potential difference Vg - V, is . B
W
Ve —Va=—2 =Ed
g

FA

This equation shows the relation between d d'{.‘q
the potential difference and the electric field aE|

for a special case (uniform electric field). v

Note that E has a new unit (V/m). hence, iy
A
Volt Newton , -

Meter  Coulomb

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Electric Potential and Electric Field
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Electric Potential and Electric Field continue

If the test charge g, is moved along a
curved path from A to B as shown in the
figure.

B
The electric field exerts a force g,E on the
charge. To keep the charge moving q
without accelerating, an external agent
must apply a force F equal to - g,E.
A A\
b 4

If the test charge moves distance dl along
the path from A to B, the work done is F.dl. EY

A 4

B
The total work is given by, W, = I F.dl
A

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 17

Electric Potential and Electric Field continue

The potential difference Vg-V, is,

B
w o o
[ Vo -V, =—2 =_[Ed ] F
4o A d\a
Sbeall 2383 N A B ) A (e JalSill agaa of Ua BaY E
Lol 2 0 L3l GuSiy dl Aa1Y) Axda oladl 4day :
et S el dxia s dal Y1 Aaia i 5 sl X
\4

If the point A is taken to infinity then V,=0 the
potential V at point B is, v

B v E
[ VB=—IE.dr ] v

This equation gives the general relation between the potential and the electric field.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 18



Example 1

Derive the potential difference between points A
and B in uniform electric field using the general
case.

Solution:

E is uniform (constant) and the integration over
the path A to B is d, therefore

Vg -V, = —T Edl = —JB' E c0s180°dl = T Edl
A A A

B
Vy -V, =E[dl = Ed
A

] B gl Jaall Al B Lgle Ulan (30 Aaill (pudi 2

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Example 2

In the figure the test charge moved from A to B
along the path shown. Calculate the potential
difference between A and B.

Solutions ?
Vg-Va=(Vg- V) +(Vc-V,)
For the path AC the angle 6 is 135°,

C_‘ - C E C
V.-V, =—|Edl =—|Ecos135°dl =— | dI
Yoot —fEd —feomma-Fln
The length of the line AC is V2 d
E
V2

For the path CB the work is zero and E is v
perpendicular to the path therefore, V.-V, =0 A

V, -V, =V, -V, = Ed

V. -V, = —(+/2d) = Ed

15

Ll e aaliny Y el G g Sl ) (38 ) i

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Example 3

A battery has a specified potential difference AV between its terminals and
establishes that potential difference between conductors attached to the
terminals. A 12-V battery is connected between two parallel plates as shown in
the figure. The separation between the plates is d = 0.30 cm, and we assume
the electric field between the plates to be uniform. Find the magnitude of the
electric field between the plates.

Solution B
VB - VA = Ed

Vg — V4

E =
d

12

E=— % = 40x10°
030x 102 _ x0x10°V/m

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 21
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Lecture (10): Electric Potential
due to point charge
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Electric Potential

Definition of electric potential difference

The Equipotential surfaces

Electric Potential and Electric Field
Potential difference due to a point charge -
The potential due to a point charge
Electric Potential Energy

Calculation of E from V
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Problems
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Potential Difference due to a Point Charge

Assume two points A and B near to a positive charge g as shown in the
figure.

To calculate the potential difference V-V, we assume a test charge q, is
moved without acceleration from A to B.

> 4
v
< + =
4,
A A
> |
v
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3

In the figure the electric field E is directed to the right and dl to the left.

> P
4 v
E B F dl qFE A
+ <4+—<¢ B
9.
A A i
> “
o (S |

E.dl = Ecos180°dl = —Edl

However when we move a distance dl to the left, we are moving in a direction of
decreasing r. Thus

dl =-dr
Therefore
-EdI=Edr
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 4



A
> «
v v
F di qE
-+ E B ::—»—5
9.
A A 3
> <
A S | —

e- 1 g
dre, v

] _ g fdr

..VB—VA— 472_‘% ;[l’z

S Ve =Va = q (1—1)
dre, \ g I

.Q Ay Jasnall 180 (B (pilall S Sgad) (38 S addiin ¢ 6SlAl 138 o Ua BaY
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The Potential due to a Point Charge

If we choose A at infinity then V,=0 (i.e. ry, = ) this lead to the potential at
distance r from a charge q is given by

S Ve —Va= a (1 —1j

de, \rg Ia

1l q __Elecuic field line

This equation shows that the equipotential
surfaces for a charge are spheres concentric
with the charge as shown in figure

B e buse quliy Ladd S Jaa) of BaY
Aol ae Lise qualily (¢S agad) Lady Adliall

Equipotential

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6
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Electric Potential due to Several Point Charges

AS) ol Lad o 205 AN o gl agad) Sl (e 1A (A Al (gD gl (5B aladiuly (S
Sl 3 pall Al die oda o Adad JS 0o AU ugSh gl ol aaal) Bk oo Adad (e
sl Laie Sl agall

V=V, +Vy+ Vgt +V,

loan Galy G laan U aandly a gl WY clamad) A 503N 38l g i) Lo oo oy gl sic
RS Jlaall (B Jais LS Las Lalas)
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Example 1

What must the magnitude of an isolated positive charge be for the electric
potential at 10 cm from the charge to be +100V?

Solution

v-_t 4

Adre,

5.0 =V, r’ =100x 47 x8.9x107?x0.1=1.1x10"°C

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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Example 2

What is the potential at the center of the square shown in the figure?
Assume that g,= +1 x108C, q,=-2x108C, g;=+3x10-%C, q,=+2x108C, and
a=1lm.

Solution

g, a g,
@ @

1 g.+Q,+0;+0Qq,
T8, r

~V= En:vn =2

® U

The distance r for each charge from P is 0.71m a

901 -8
_9x10°(1-2+3+2)x10° __

0.71 @ a ©
q4 * q3

Y

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9

Example 3

Calculate the electric potential due to an
electric dipole as shown in the figure

Solution P
V=xV,=V,+V,
V = K(E_EJ: Kqe—h

n r, nn 2a
When r>>2a,

r,-r,=2acosd and rr=re

2acosd _K pcosé

r2 r2

where p is the dipole momentum

V =Kq

Note that V = 0 when 6=90° but V has the maximum positive value when
0=0° and V has the maximum negative value when 6=180°.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10



Quiz

Which of the following figures have V=0 and E=0 at red point?

qO < Ogq qO+ O
q a  q q .
q q g g0 O

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Problems to Solve by Yourself

1.

How much energy is gained by a charge of 75 uC moving through a
potential difference of 90V?

An infinite charged sheet has a surface charge density ¢ of 1.0x10-7
C/m2. How far apart are the equipotential surfaces whose potentials
differ by 5.0 V?

At what distance from a point charge of 8uC would the potential
equal 3.6x10%V?

At a distance r away from a point charge q, the electrical potential is
V=400V and the magnitude of the electric field is E=150N/C.
Determine the value of g and r.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Electric Potential

1. Definition of electric potential difference

2. The Equipotential surfaces

3. Electric Potential and Electric Field

4. Potential difference due to a point charge g
5. The potential due to a point charge

6. Electric Potential Energy

7. Calculation of E from V

8. Problems
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Electric Potential Energy

The definition of the electric potential energy of a system of charges is the
work required to bring them from infinity to that configuration.

To workout the electric potential energy for a system of charges, assume a
charge g, at infinity and at rest. As shown in the figure, if g, is moved
from infinity to a distance r from another charge q;, then the work
required is given by

a
0z r
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3
yo 1 G
Adre, 1
Substitute for V in the equation of work kQq
U=-=%
1
U = W = qu R % - q r
472'6;, r, Q/
U= 0.9 1 0
dre,x

To calculate the potential energy for systems containing more than two
charges we compute the potential energy for every pair of charges
separately and to add the results algebraically.

0iq;
U=) — 2
247[80rij

G b lean pand @8 o Jlo otind € g A3 ) B8l aa g G BN ()l aadi e
5m U8 b plmally 091 380 Rinll Ao e s
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If the total electric potential energy of a system of charges is
this correspond to a electric forces,

If the total electric potential energy is negative this correspond to
attractive electric forces.

(explain why?)
eadil)

A aaadl Jgdual) JRdd) b L ga cliadl) ¢pa sl 400 aua gl 4B ) 65 Ladic
da) Y0 oladl b Aadl) ¢l ait A ghual) B 68N o) Ay 139 age Jid a cliadl)
A A (g 68 liadil) (o Adablall A gl (g gl (985 (90 Latic Bidag 138 g

Ciliaudd) asanil J giall Jaddl Gld Lilla ciliaddl) (e aUAL A0S auia gl A8 cuils 13) g
13 9 da Y slad) (e B Aaldd) el il Al ghual) 358N O a1 g Lllu (o gSm
Al (g 68 liadl) ¢y Alalial) Ay 4 (5 981 ¢ 5<0 Ladie Siaay

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5

Example 1 4

Three charges are held fixed as shown in the
figure. What is the potential energy? Assume

that g=1 x10-7C and a=10cm. a a
Solution
U=Up,+U 51U, +1q a 24
Ut [(+q)(—q) L (ra)(+29) (—4q)(+2q)}
4re, a a a

2

u-_109°

dre, a

9x10°(10)(1x107")?
0.1

Gl SY Al ciliadd) cild de sl Jgdeall Jadd) o) i 138 9 Al 4401 48Ul dagd (o Jaadl

Ll Bl 0685 o Alls b el collad Bg8 (A cliadl] G AlaLial) 5680 of QU3 (he giind Ly

LALE B g8 A cliadl) ¢y Adaliial) 681 o ay 138 (b A ga

S U= =-9x107°J
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Calculation of E from V

As we have learned that both the electric field and the electric potential can be
used to evaluate the electric effects. Also we have showed how to calculate the
electric potential from the electric field now we determine the electric field

from the electric potential by the following relation.

V, -V, =AV =—[Edl

>t—w

dv =—E.dI
If the electric field has only one component E,
dV =—E.dx
dv
E =——
dx

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Calculation of £ from V
for spherical charge distribution

If the charge distribution creating an electric field has spherical symmetry such
that the volume charge density depends only on the radial distance r, the

electric field is radial. In this case,

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Example 2
Calculate the electric field for a point charge g, using the equation
vo_t g
4re, v

Solution

g-_dv__df 1a
dr dr\dze, r
3
4re, dr\r

=1 4
4re, r

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Problems to Solve by Yourself

1. Four equal point charges of charge q=+5uC are located at
the corners of a 30cm by 40cm rectangle. Calculate the
electric potential energy stored in this charge
configuration.

2. In the figure prove that the work required to put four
charges together on the corner of a square of radius a is
given by (w=-0.219% a).

3. Two point charges, Q,=+5nC and Q,=-3nC, are separated
by 35cm. (a) What is the potential energy of the pair?
What is the significance of the algebraic sign of your
answer? (b) What is the electric potential at a point
midway between the charges? B

*q

4. Apoint charge has g=1.0x10C. Consider point A which is
2m distance and point B which is 1m distance as shown in
the figure (a). (a) What is the potential difference V,-Vg?
(b) Repeat if points A and B are located differently as
shown in figure (b).

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Potential difference due to a point charge
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Electric Potential Energy

Calculation of E from V
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Problems

A8 ol Lady Jaaal) $108N A 0 gSh SN Ge paatl) LSy (S alail Cige Juadll oda B
A 3l of Guag The electric potential (sl ) oand puld dpaS Al 2
S el (e (gl BN (0 il (A Sl daa Jalanl) (0 g8 (AUl g dpaald dpas

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 2



Example 1

Two charges of 2uC and -6uC are located at
positions (0,0) m and (0,3) m, respectively as
shown in the figure. -6 @(,3)

(i) Find the total electric potential due to
these charges at point (4,0) m.

(i) (||)- How much work is required to _ +2.0,0) @.0
bring a 3uC charge from o to the point °
pP? P

(iii) (iii) What is the potential energy for the
three charges?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Solution
(i) the total electric potential due to these charges ....... 6@0.3)

V, =V, +V,

vo_t [&&} .00

472'80 Iy )

2x10°°© _6><1076
4 5

V= 9><109[ } — 6.3x10 30

(i) the work required is given by
W=0;V,=3x10°%x-6.3x103=-18.9x103J

The -ve sign means that work is done by the charge for the movement

from oo to P.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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(iii) The potential energy is given by
U=Up+ U+ Uy

U =-55x10"2Joule

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5

Example 2

A particle having a charge q=3x10-°C moves from point a to point b along a
straight line, a total distance d=0.5m. The electric field is uniform along this
line, in the direction from a to b, with magnitude E=200N/C. Determine the
force on g, the work done on it by the electric field, and the potential
difference V,-V,,.

Solution

The force is in the same direction as the electric field since the charge is
positive; the magnitude of the force is given by

F =gE = 3x10% x 200 = 600x10-°N
The work done by this force is
W =Fd = 600x10° x 0.5 = 300x10%J
The potential difference is the work per unit charge, which is
V,-V, = W/q = 100V
Or
V.-V, = Ed = 200 x 0.5 = 100V

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6



Example 3
c
Point charge of +12x10°C and -12x10°C are
placed 10cm part as shown in the figure.
Compute the potential at point a, b, and c. 10cm 10cm
Compute the potential energy of a point charge
+4x10-°C if it placed at points a, b, and c.
. b a
Solution
We need to use the following equation at each . 4cm q; 6cm .. 4cm 92
point to calculate the potential,
1 q;
V=>V =—)>—+
; " 4re, z r
) -9 -9
At pointa V, =9x10° 12x10 + 12x10 — _900v
0.06 0.04
H -9 _ -9
At point b V, =9x10° 12x10 N 12x10 — 1930V
0.04 0.14
At point ¢ s o
V. =9x10° 12x10 . 12x10 —ov
0.1 0.14
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

We need to use the following equation at each point to calculate the
potential energy,

At point a
U, = qV, = 4x109x(-900) = -36x107"J
At point b
U, = qV,, = 4x109%1930 = +77x10-"J
At point ¢
U, =qV,=4x10°x0=0
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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Example 4 . a -

Derive an expression for the work required to put
the four charges together as indicated in the figure.

a a
Solution
The work required to put these charges together is
equal to the total electric potential energy. e a ta
U=Ugp + U+ Uyt Uy + Uy + Uy
1 — Q02 2 2 2 2 2
U= ¢, @ ¢ ¢ ¢
4re,| a J2a a a J2a a
1 |-4092 2¢2
U= @, 29
Are, a J2a
The minus sign indicates
— 2 2 _ 2
U= 1 ﬁ4q +29 = 0.2q that there is attractive
Are, J2a g,a force between the charges
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9
Example 5

In the rectangle shown in the figure, g, = -5x10-°C and g, = 2x10-6C
calculate the work required to move a charge g; = 3x10°C from B to A
along the diagonal of the rectangle.

5cm

B 0

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10
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Solution

from the equation Vg-Va=Wag/ g,

V=V, +V, & Vg=V;+V,

_ -6 -6
Va=_3 { Sla NI }:6><104V
4re, 0.15 0.05
_ -6 -6
Ve=—4 { 5x107" , 2x10 }:—7.8><104V
4re, 0.05 0.15
Wga  =(Va-Vg)Gs
=(6 x 10* + 7.8 x 10%) 3 x 106 = 0.414 Joule
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 11
Example 6

Two large parallel conducting plates are 10 cm a part and carry equal but
opposite charges on their facing surfaces as shown in the figure. An electron
placed midway between the two plates experiences a force of 1.6 x 1015 N.
What is the potential difference between the plates?

A B

Solution E

Vg-V,=Ed
19 AN e 5 5l A gl (5 58 i 08 (S Jlaal) s (S
F=eE = E=Fle
~ 10cm
V-V 4 = 10000 x 0.1 = 1000 volt
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 12
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Capacitors and Capacitance

Definition of capacitance
Calculation of capacitance
* Parallel plate capacitor
* Cylindrical capacitor
» Spherical capacitor
Combination of capacitors
+ Capacitors in parallel

+ Capacitors in series
Energy stored in a charged capacitor (in electric field)
Capacitor with dielectric
problems
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Capacitor

A capacitor consists of two
conductors separated by an
insulator.

The capacitance of the capacitor
depends on the geometry of the
conductors and on the material
separating the charged
conductors, called dielectric that
is an insulating material.

The two conductors carry equal
and opposite charge +g and -q.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Definition of Capacitance

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Insulator

Conductor
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Definition of Capacitance

The capacitance C of a capacitor is defined as the ratio of the magnitude of
the charge on either conductor to the magnitude of the potential difference
between them as shown in the figure.

Hectric field
Capacitor

The capacitance C has a unit of Clv,
which is called farad F

F=Ch
—|I|I | I|I|I7
1pF=10°F 1nF =10°F, 1pF = 10-12F
Battery
The capacitor in the circuit is represented by the symbol shown in
the figure 4{ }7
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5

Calculation of Capacitance
The most common type of capacitors i -

« Parallel-plate capacitor s ~ A

* Cylindrical capacitor Parallel-plate capacitor

* Spherical capacitor

We are going to calculate the capacitance
of parallel plate capacitor using the
information we learned in the previous
chapters and make use of the equation.

Cylindrical capa-citor

Spherical capacitor

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6
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Parallel Plate Capacitor

Two parallel plates of equal area A are separated by distance d as shown in
the figure bellow. One plate charged with +q, the other -q.

Metal plate
Py +
T Electric fielq _"_ Vin volts
| | - T-
Distance, d b1 )
inmetres | | | |
|

Metal plate

The capacitance is given by C = \%

First we need to evaluate the electric field E to workout the potential V.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

Using gauss law to find E,

& ] +
5 e, q
d S _
~.Gaussian
5 —~ | -q surface

The charge per unit area on either plate is o = /A

A
e, &,A
The potential difference between the plates is equal to Ed, therefore
V-kd-99
e A

o

The capacitance is given by

VvV qd/g A
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8



Notice that the capacitance of the parallel plates capacitor is depends on the
geometrical dimensions of the capacitor.

The capacitance is proportional to the area of the plates and inversely
proportional to distance between the plates.

el (Sl A O ua oA Lpdigh) da¥) DA cpa il A Gl (e Adalaal) LSS
L sll) C Alaal) ae ok g ¢ sl (e AS el Aalisal) g G jhe
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Parallel Plate Capacitor

A parallel plate capacitor consists of two flat plates of area A separated by a distance d.
When each plate is given a charge of magnitude Q,

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10
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Example (1)

An air-filled capacitor consists of two plates, each with an area of 7.6cm?, separated
by a distance of 1.8mm. If a 20V potential difference is applied to these plates,
calculate,

« the electric field between the plates,

« the surface charge density,

» the capacitance, and

« the charge on each plate.

Solution
20

Vv
a) E=—=—"__=111x10*V/m
@) d 1.8x10° /

(b) o=¢gE=(885x10"%)(1.11x10*) =9.83x10°C/m?

&, A (8.85x107?)(7.6x10™*)

© C - =3.74x10"*F
d 1.8x10
(d) d=CV =(374x107*)(20) = 7.48x107"'C
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 11

Cylindrical Capacitor

In the same way we can calculate the capacitance of cylindrical capacitor,

the result is as follow
2re |

~In(b/a)

Where | is the length of the cylinder, a is the radius of the inside cylinder,
and b the radius of the outer shell cylinder.

Spherical Capacitor

In the same way we can calculate the capacitance of spherical capacitor,
the result is as follow
Are ,ab

C=
b—a

Where a is the radius of the inside sphere, and b is the radius of the outer
shell sphere.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 12
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Example (2)

An air-filled spherical capacitor is constructed with inner and outer shell
radii of 7 and 14cm, respectively. Calculate,
* The capacitance of the device,

» What potential difference between the spheres will result in a charge of 4uC
on each conductor?

Solution

4re,ab (47 x8.85x107%)(0.07)(0.14)
b-a (0.14-0.07)

@ c-= =156x107"F

-6
_ 40 =256x10°V

a
V===
(b) C 156x10™

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

Problem to solve by your self

A parallel-plate capacitor has circular plates of 8.0cm radius and 1.0mm
separation. What charge will appear on the plates if a potential difference
of 100V is applied?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 14
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Definition of capacitance
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Combination of Capacitors

Some times the electric circuit consist of more than two
capacitors, which are, connected either in parallel or in series

AV VA Y4
 a g «a H; H; |Q
h Vg = — < gl l+g dl+g g ﬂ
v — = - . o v 7 .
parallel series

O58 @lsill Lo QK Juagi Ala 3 OB Mgl Jo cliKdl Juag A B
3 GOAL Lol e JS o gl (38 Shade JSy e JS o plem ddadl)
JSMM&)‘gﬁM\ Lol odg jUaly Aﬁi\é\gﬁ&wh\ Al s X "]

i Al g (8 o sheny e S o
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Capacitors in Parallel

In parallel connection the capacitors are connected as shown in the figure
where the above plates are connected together with the positive terminal of
the battery, and the bottom plates are connected to the negative terminal of
the battery.

In this case the potential different across

each capacitor is equal to the voltage of A i g g

the battery V A Vg

e V=V,=V,=V, y & & <

The charge on each capacitor is

q, = Clvl; q, = szz; g; = C3V3
The total charge is q=0,+0, +0,
g=(C,+C,+C,)V

The Equivalent capacitanceis C=C, +C, +C,

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 4
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Capacitors in Series
In series connection the capacitors are connected as shown in the figure

In this case the magnitude of the charge \V4 A\V4 AV4

must be the same on each plate with G c C
opposite sign
<all+aq dll+g gll+q
< >

i.e.q=0;=0,=0;

The potential across each capacitor is \V4

V,=q/C; V,=q/C,; V,=q/C,

The total potential V is equal the sum of the potential across each capacitor

1 1 1 1
Cl CZ CS \Y, I + c, + <,
The Equival i i 1 1 4k 1 + 1
e ulvalent capacitancels ————> - = T T
| P C C C, C,
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5

Example 1

(a) Find the equivalent capacitance between points a and b for the group of
capacitors shown in the figure. C,=1uF, C,=2uF, C;=3uF, C,=4uF, C;=5uF,
and Cz=6uF.

(b) Determine the potential difference across each capacitor and the charge
on each capacitor if the total charge on all the six capacitors is 384uC.

C,
|
I

C,
h
m || g C, c, .
e
C

d
| o
[ S ! e
a | b
k C|5 I
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 6
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Solution (a)

First the capacitor C, and Cg are connected in series so that the equivalent
capacitance Cg, is

i:l+—;:>Cde =2uF
Ce 6 3

Second C, and C; are connected in parallel
Ck| =1+5= 6”,':

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

The circuit become as shown below

.--.2...: ; 2
B || ml| ih
m I h e
|]_¢ 5 i . HA—I H
i 9 HllEe
. | a ‘6 k
K I ] : :
Continue with the same way to reduce killl:
the circuit for the capacitor C, and Cg, Capacitors C,;, and C,; are connected
to get Cy,=4pF in parallel the result is
o 4|4h .
i | g ” hi
a 6 b
. |
k [

in series the result is C,=2uF, The
circuit become as shown below

Capacitors C,, and Cg, are conneid/ Ceq=8UF.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8



Solution (b)
First consider the equivalent capacitor C, to find
the potential between points a and b (V,;)
Qu _ 384 _
C, 8

Second notice that the potential V=V, since

V,, = 48v

the two capacitors between k and | are in PR

parallel, the potential across the capacitors C,
and C; = 48V.

V,=48V and Q,=C,V,;=48uC
And for C5
V=48V and Q;=C;V:=240uC

For the circuit (iv) notice that V,,=V,,=48V,
and Q= CrppVip= 2x28 = 96uC

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Since the two capacitors shown in the Y

circuit (iii) between points m and h are in
series, each will have the same charge as
that of the equivalent capacitor, i.e. a

th = Qgh = th = 96HC

Vg = O _ %6 _ v
Coy 4

mg

Y, :ﬁz%zzw
o 4

Therefore for C,, V,=24 and Q,=96uC 4

LA PR

O <

In the circuit (ii) the two capacitor between
points g and h are in parallel so the —
potential difference across each is 24V.

]

| reesssssssssssesesesesssesesesesesd

=3

Therefore for C,, V,=24V and Q,=C,V,=48uC

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Also in circuit (ii) the potential difference
Vige= Vgn = 24V
And
Qde: Cdevde = 2x24= 48HC
The two capacitors shown in circuit (i)
between points d and a are in series, and

therefore the charge on each is equal to Q.

Therefore for Cg, Q;=48uC

For Cs, Q;=48uC and V;=Q,/C;=16V

. " (i)
1l

Hnly
kLHJI

The results can be summarized as follow

Capacitor

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

(i)

=3

Potential
Difference (V)
48
24
16
24
48
8
48

Problem to solve by your self

Charge

(nC)

48
48
48
96
240
48
384

11

1. Two capacitors, C,=2uF and C,=16uF, are connected in parallel. What is
the value of the equivalent capacitance of the combination?

2. Calculate the equivalent capacitance of the two capacitors in the previous
exercise if they are connected in series.

3. In the figure the battery supplies 12V.
(a) Find the charge on each capacitor
when switch S; is closed, and (b) when

later switch S, is also closed. Assume

C,=1pF, C,=2uF, C;=3uF, and C,=4pF.

4. (a) Determine the equivalent
capacitance for the capacitors shown in
figure 6.20. (b) If they are connected to a

12V battery, calculate the potential

difference across each capacitor and the

charge on each capacitor

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Energy Stored in a Charged Capacitor

If the capacitor is connected to a power supply such as battery, charge will be

transferredfrom the battery to the plates of the capacitor.

This is a charging process of the capacitor which mean that the battery

perform a work to store energy between the plates of the capacitor.

Consider uncharged capacitor is connected to a battery as shown in the figure,

at startthe potential across the plates is zeroand the charge is zeroas well.

%

c 1

N\

If the switch S is closed then the charging process will start and the potential
across the capacitor will rise to reach the value equal the potential of the

battery Vin time t (called charging time).

Al bl S A G ) (38 e s IS (i e el S el (DE) g
RESTIHIRTEN

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory
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Energy Stored in a Charged Capacitor

Suppose that at a time t a charge q(t) has S

been transferred from the battery to
capacitor. The potential difference V(1)
across the capacitor will be q(t)/C. For the
battery to transferred another amount of

[0

charge dq itwill perform awork dW
dW =Vdq = L dq
C
The total work required to put a total charge Q on the capacitor is

W=jo|W=j0Q%dq=Q—2

2C
Using the equation q=CV Q2
W=U=—
2C
2
19 1o, Lo
2C 2 2

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory
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Energy Stored in a Electric Field

The energy per unit volume u (energy density) in

parallel plate capacitor is the total energy stored U Vacuum
divided by the wlume between the plates Ad
U icv?
U=—=
Ad Ad
For parallel plate capacitor
e A
C=-=2
d
2
u=boV
2\d
il Electrometer
u= EEO E2
Therefore the electricenergy density is proportional with square of the electricfield.
Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 5
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u=—=¢g,E?
2

U A<l 48Ual) aladiialy e puail) Say CEESAY) o gl o 4 3Au) A pg<l) 48Ul o Lia BaY
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]
Jaall B gl sl A AjA) Al gag g gudagall 12 lgis Glaudgl Cpiadlil) oliddaal)
A
p
1Q% 1 1 u:lg E?
U==-=-=-QV==CcV? 2 ¢
2C 2 2
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Example (1)

Three capacitors of 8uF, 10uF and 14uF are connected to a battery of 12V.

How much energy does the battery supply if the capacitors are connected
(@) inseriesand (b) in parallel?

Solution
(a) For series combination (b) For parallel combination
1 1 1 1
B I
C Cl Cz C3 C:C1+C2+C3
11,11
C 8 10 14 C= 8+10+14=32pF
This gives _
C=337 uF The energy U is

Then the energy U'is U = /2 (32x10) (12)? = 2.3x 103

u=Lcv?
2

U = 1/2 (3.37x10) (12)2 = 2.43x104J

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 7

Example (2)

A capacitor C; is charged to a potential

difference V,. This charging battery is < C
then remowd and the capacitor is —q _
connected as shown in the figure to an

uncharged capacitor C,,

a) What is the final potential difference V¢across the combination?

b) What is the stored energy before and after the switch S is closed?

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 8



Solution

(@) The original charge q, is shared
between the two capacitors since
they are connected in parallel. Thus

d, =0, +Q,
g=CV
CV, =CV, +C,V,

CV, =V,(C, +C,)

Vf:V;—EL—
C,+C,

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory

Example (3)

Consider the circuit shown in the figure where
C,=6uF, C,=3uF, and V=20V. C; is first
charged by closing switch S;. S; is then
opened, and the charged capacitor C; is
connected to the uncharged capacitor C, by
closing the switch S,.

Calcul ate the initial charge acquired by C; and
the final charge on each of the two capacitors.

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory

U, :%C1Vf2 +%C2Vf2 =3(C, +C2)(

_ C1 Uo
C,+C,

Notice that Us is less than U, (Explain why)

Lo o
T

<
T

(b) The initial stored energy is Uy

The final stored energy Us=U;+U,

5/17/2011

V()Cl ’
C,+C,
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Solution

1

When S; is closed, the charge on C; will be Ii
Q:=C1V;=6uF x 20V =120uC L

When S; is opened and S, is closed, the total charge will
remain constantand be distributed among the two

IE

capacitors,
5,
Q1= 120pC- Q,
. . . V
The potential across the two capacitors will be equal, 4| [ —
Vo2 _Q
¢ G
1204F -Q, _ Q,
6.uF 3uF
Therefore,
Q2 = 40uC
Q;=120uC - 40uC =80uC
Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 11

Example (4)

Consider the circuit shown in the figure where C;=6uF, C,=4pF, C3=12uF
and V=12V.

a) Calculate the equivalent capacitance,

b) Calculate the potential difference across each capacitor.

c) Calculate the charge on each of the three capacitors.

G,

G
A

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 12
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- : C, 1
Solution Cl |
I 1 1
1 C3 1
C, and Cj are connected in parallel, therefore H :f
C’ =C,+Cy=4 + 12 = 16uF T
Iy

Now is connected in series with C,, therefore the equivalent capacitance is
1 1 1 1 1 11

=t —=—t+—="=
C C C, 6 16 48
C=4.36pF

The total charge Q =CV =4.36 x12=52.36uC

The charge will be equally distributed on the capacitor C; and

Q1= Q’ =Q =52.36pC

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 13

Solution

But Q’=C’ V’, therefore
V’>=52.36/16 = 3.27 wlts

The potential difference on Cyis
V=12 -3.27 = 8.73 wlts

The potential difference on both C, and Cj is equivalent to V’since they are
connected in parallel.

V,=V3 =3.27wlts
Q,=C,V,=13.08uC
Q;=C3V3=39.24uC

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 14
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Example (5)

Four capacitors are connected as shown in the figure.
(@) Find the equivalent capacitance between points a and b.
(b) Calculate the charge on each capacitor if V,,=15V.

a k
® |
aF
Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 15

Solution

(@) We simplify the circuit as shown in the figure from (a) to (c).
25F
8.5 B 22U ST

[ R

ar
(@) (b) (©
Firs the 15uF and 3uF in series are equivalent to
1 = 2.5uF
(1/15) + (1/3)

Next 2.5uF combines in parallel with 6uF, creating an equivalent capacitance of 8.5uF.
The 8.5uF and 20uF are in series, equivalent to

1

= _5064F
(1/8.5) + (1/20)

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 16



Solution
(b) We find the charge and the voltage across each capacitor by working backwards
through solution figures (c) through (a). SR
For the 5.96uF capacitor we have Q =CV =5.96x15=89.5,C ? | | f

In figure (b) we have, for the 8.5uF capacitor,
8.5 Bi— 22U

Q 895 o .
AV, == =2 _108y < ||

“ Cc 85 °4| | |
and for the 20uFinfigure (b) and (a) Q,, =89.54C 2aF
_Q _895

c 20
Next (a) isequivalentto (b), so AV, =4.47V and AV, =105V

Thus for the 2.5uF and 6uF capacitors AV =10.5V

| =F
AVcb

arF
Qs =CV =2.5x10.5=26.3,C

Q, =CV =6x10.5=63.2,C

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 17

Solution f15F AR

Therefore a ‘l |4| | L
Qs =26.3uC [ -
Q, = 26.3.C 1

For the potential difference across the capacitors Cisand Cjz are

AV, = Q_263_, 7y
c 15
v, =223 _g 77y
C 3
Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 18
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Problem to solve by your self

G C,
(1) In the figure (a)&(b) find the CWI
equivalent capacitance of the v CEI 03]_ —CL_J—

combination. Assume that
C1:10uF, CZZSMF, and C3:4],J.F (a) (b)

(2) Two capacitors (2.0uF and 4.0uF) are connected in parallel across a 300V
potential difference. Calculate the total stored energy in the system.

(3) A 16pF parallel-plate capacitor is charged by a 10V battery. If each plate of
the capacitor has an area of 5cm?, what is the energy stored in the capacitor?
What is the energy density (energy per unit volume) in the electric field of the
capacitor if the plates are separated by air?

(4) The energy density in a parallel-plate capacitor is given as 2.1 x1093/m3,
What is the value of the electric field in theregion between the plates?

(5) In the figure find (a) the charge, (b) the

potential difference, (c) the stored energy for each
G

capacitor. With V=100V, ]

Dr. Hazem Falah Sakeek wwwhazemsakeek.com & wwwphysicsacademy.ory 19
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Capacitors and Capacitance

Definition of capacitance
Calculation of capacitance
 Parallel plate capacitor
 Cylindrical capacitor
» Spherical capacitor
Combination of capacitors
« Capacitors in parallel

« Capacitors in series
Energy stored in a charged capacitor (in electric field)
Capacitor with dielectric
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Capacitor with Dielectric

A dielectric is a non-conducting material, such as rubber, glass or paper.
Experimentally it was found that the capacitance of a capacitor increased
when a dielectric material was inserted in the space between the plates.

Vacuum Dielectric

The ratio of the capacitance
with the dielectric to that
without it called the dielectric
constant k of the material.

C Electrometer Electrometer

(a) (b)
(a) With a given charge, the potential difference is V,,.
(b) With the same charge but with a dielectric between
the plates, the potential difference V is smaller than V,,.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3



Experimental result (1)

In the figure below two similar capacitors, one of them is filled with
dielectric material, and both are connected in parallel to a battery of

potential V.

It was found that the charge on the capacitor with dielectric is larger than
the on the air filled capacitor, therefore the C,>C,, since the potential V is

the same on both capacitors.

< ~ - C = +C

— =< d — o
S ALl Balal) o) CaiSall B Al Al Ay Sl Adadd) (b diKal) Jo agad) (58l bl e
> O AL Bale g gr 3133 A Sl dadl (o)) (gl (Al ggd) iSal) o dy Sl ABai) (pa
.:.s S‘
4
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Experimental result (2)

If the experiment repeated in different way by placing the same charge Q,
on both capacitors as shown in the figure. Experimentally it was shown
that V<V, by a factor of 1/k.

<_- N G N
- =< Vv,

— v, =

Qs AVl Ajle dala o o giag Laaaa) ugaldia (pfi€a o 4y <) Adadl) cld i
o 2l 38 e B8 A jle Bala o (g giag (o M) Ciiall o gl G (gl agad) (38 ) 2
AL el Balal) ¢y gy iSSal) o)
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Experimental result (2)

If the experiment repeated in different way by placing the same charge Q,
on both capacitors as shown in the figure. Experimentally it was shown
that V<V, by a factor of 1/k.

<_- N G N
- =< Vv,

— v, =

Qs AVl Ajle dala o o giag Laaaa) ugaldia (pfi€a o 4y <) Adadl) cld i
o 2l 38 e B8 A jle Bala o (g giag (o M) Ciiall o gl G (gl agad) (38 ) 2
AL el Balal) ¢y gy iSSal) o)
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Explanation

Since V = E d, we can conclude that the electric field between the plates must be
reduced as a dielectric is inserted Q = (constant).

o -0

Q

-0

- - +- +|-
- - +- +-
+ - + -
+ - +- +|-
+ - + -
+ - +- +|—-
+ +- H-
+ - + -
+ - + - +|-
+ — + -
+ +- -
=0 . ()'iJ
1

(a) (b)

Molecules in the dielectric material
have their positive and negative
charges separated slightly, causing the
molecules to be oriented slightly in the
electric field of the charged capacitor.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

(a) Electric field lines with vacuum
between the plates. (b) The induced
charges on the faces of the dielectric
decrease the electric field.




The electric field between the capacitor plates is reduced by the presence of
the dielectric because the induced surface charges on the dielectric (see
figure below) cause an electric field in the opposite direction of the original
field in the charged capacitor. These fields tend to cancel each other
resulting in a reduction of the original field.

Q
|
Q

(o}

-0 y- h
EO L e —Gi Oi - —Gi ai
2 od =K E - - -TL - ——
- - - - - +- = + +|— +
+ + - + + - -
+ + - - +- < +- +- +-
- + - + + -
+ - + - - +H- = + + - + -
H— + - + + - -
+ - + - += = +- +- +-
+ + - + + - -
+ - + - - +- +|- +- +|—-
- - -+ - + + - -
+ + - - +- = +- +- +-
+ - + - + + -
+ - + - +- < +- +- +—
(0] -0 o w -

(a) (b) (c) (d)

(a) Electric filed of magnitude E, between two charged plates. (b) Introduction of a
dielectric of dielectric constant K. (c) the induced surface charges and their field (thinner
lines). (d) Resultant filed of magnitude E /K when a dielectric is between charged plates.
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Example (1)

A parallel plate capacitor of area A and separation d is connected to a
battery to charge the capacitor to potential difference V,. Calculate the
stored energy before and after introducing a dielectric material.

Solution

The energy stored before introducing the dielectric material,

_ 1 2
U o~ 2 CoVo
The energy stored after introducing the dielectric material,
V
C,=«xC, and V,=-2
K
V) U
2
U, =1Cv :%Kco(—Oj =0
K K

Therefore, the energy is less by a factor of 1/x.
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Example (2)

A Parallel plate capacitor of area 0.64cm?. When the plates are in vacuum,
the capacitance of the capacitor is 4.9pF.

1. Calculate the value of the capacitance if the space between the plates is
filled with nylon (k=3.4).

2.  What is the maximum potential difference that can be applied to the
plates without causing discharge (E,,,=14x105V/m)?

max

Solution

To evaluate d we use the equation
(a) C,=xC,=3.4x4.9=16.7pF

_g,A 885x107*x6.4x107

d C 4.9x107*
b) V. ..=E.. xd ° |
( ) max MmaX d :116X10_4m
Vo = 1x109%x1.16x104=1.62x103V

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10



Example (3)

A parallel-plate capacitor has a
capacitance C, In the absence of
dielectric.

A slab of dielectric material of dielectric A
constant k¥ and thickness d/3 is inserted 1/3d \/
between the plates as shown in the -
Figure.

What is the new capacitance when the
dielectric is present?
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Solution

We can assume that two parallel plate
capacitor are connected in series

ke A g, A ;
C=—7 C, = 1/3d:3j K
gz e Tog

1 d/3 2d/3 213d
C, /ch g A

_|_

1 1
C C1

(1 j (1+ chj
C 35 K K

3
C_ 3k ¢, A N C:( K
2k+1) d 2Kk +1
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Problem to solve by your self

A capacitor is constructed from two square
metal plates of side length L and separated d
by a distance d.

One half of the space between the plates x

(top to bottom) is filled with polystyrene Y
(k=2.56), and the other half is filled with '
neoprene rubber (k=6.7).

Calculate the capacitance of the device, :
taking L=2cm and d=0.75mm. K= 6.7

(Hint: The capacitor can be considered as !
two capacitors connected in parallel.)
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Problem to solve by your self

A parallel plate capacitor is constructed using three different dielectric
materials, as shown in the figure.

(a) Find an expression for the capacitance in terms of the plate area A
and k;, k,, and k.

(b) Calculate the capacitance using the value A=1cm?, d=2mm, k,;=4.9,
K,=5.6, and k;=2.1.
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Current and Current Dc

SIS Cun (Sl A o ey (e dkal) gl 38 LU Gilad) Juadl (B U
ity Juaiall 7 oll) Ao Al ciliadill g o gall el Juatial) 7 ol o dua gall cliadd)
C Aol Ubye 5 AN (gl (o E1AY (B (S Jaa 0085 () (sl 13 o laall allad)
Adaall DA e

c=1

V

Ol Jia (0 4S Juaga Aok Ao A S Ay ey (e poba (o 8S 2 (BR (Gl U o gl
Aagliall g gl Ll Jle Bagan Al b Rk o Cijpiieg A dakia dalus (uladl)
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Conductor Hectric field
A
@—> @—> @ —> - . N ~ ~
0> @ ©—> Af.),\)g.sl\ Bl (2 sl LD slad) aay
o— @ @ iSp ol gy adhal) sl
“var ™ o O5S @l BN B A gal) ciliadl)
Bl e allaad) i) ) e gal) quladl
T
Battery

As shown in the figure above the electric field produces electric force
(F=gE), this force leads the free charge in the conductor to move in one
direction with an average velocity called drift velocity.

The current is defined by the net charge flowing across the area A per unit
time. Thus if a net charge AQ flow across a certain area in time interval At,
the average current I, across this area is

_AQ
T At Current is a scalar quantity
. and has a unit of C/t, which is
In general the current | is | d_Q called ampere
dt
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5
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Definition of Current in Terms of the Drift Velocity

Suppose there are n positive charge particle per unit volume moves in the
direction of the field from the left to the right, all move in drift velocity v.
In time At each particle moves distance VAt the shaded area in the figure,
The volume of the shaded area in the figure is equal AvAt, the charge AQ
flowing across the end of the cylinder in time At is

AQ = nqvAAt
where q is the charge of each particle.

Then the current | is

Conductor Hectric field
AQ .
_ _ a— | &— o—

| === = nqvA o2 o o2

At @ —> @ —> ®
“Vat ™

il ) A s ANy (o Sl Ll iy S |||||| ||||=
Battery
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The current per unit cross-section area is called the current density J.
= |
J=—=nqv
A

The current density is a vector quantity.

Example

A copper conductor of square cross section 1mm? on a side carries a constant
current of 20A. The density of free electrons is 8 x10% electron per cubic meter.
Find the current density and the drift velocity.

Solution |
The current density is J= S 20x10° A/ m?
J 20x10°
: S V=—= =1.6x10°m/s
The drift velocity is ng  (8x10%)(16x10~)

This drift velocity is very small compare with the velocity of propagation of
current pulse, which is 3 x108m/s. The smaller value of the drift velocity is
due to the collisions with atoms in the conductor.
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Resistance and Resistivity

The resistance R of a conductor is defined as the ratio V/I, where V is the
potential difference across the conductor and | is the current flowing in it.
Thus if the same potential difference V is applied to two conductors A and
B, and a smaller current I flows in A, then the resistance of A is grater than
B, therefore we write,

V
R= T Ohm’s law

This equation is known as Ohm’s law, which show that a linear relationship
between the potential difference and the current flowing in the conductor.
Any conductor shows the lineal behavior its resistance is called ohmic
resistance.

The resistance R has a unit of volt/ampere (v/A), which is called Ohm ( Q).

= I:—
V=IR and R

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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N R W

Fixed resistor Variable resistor Potential divider

Each material has different resistance; therefore it is better to use the
resistivity p, it is defined from

_E
P77

The resistivity has unit of Q.m

The inverse of resistivity is known as the conductivity o,

1
o=—
Yol
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9
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Evaluation of the Resistance of a Conduic
Consider a cylindrical conductor as — 5

shown in the figure, of cross-sectional

area A and length , carrying a current I.
If a potential difference V is connected to ! ‘
the ends the conductor, the electric field

and the current density will have the 1 Z 1

values Notice that the resistance of a
V | conductor depends on the geometry
E= N and J= A of the conductor, and the resistivity
of the conductor depends only on the

T SVt o | E V/I electronic structure of the material.
e resistivity pis  p 17 1/A

Y4
But the V/I is the resistance R this leads to, R = px

Therefore, the resistance R is proportional to the length | of the conductor
and inversely proportional the cross-sectional area A of it

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10



Material
1 Silver
2 Copper
3 Gold
4 Aluminum
5 Tungesten
6 Iron
7 Platinum
8 Lead
9 Nichrome
10 Carbon
11  Germanium
12  Silicon
13  Glass

L — - R
—- 1 & ¥ |
Example (1)

Resistivity (Q.m)
1.59x108
1.7x108
2.44x108
2.82x108
5.6x108
10x108
11x108
20x108
150x10°8
3.5x10°
0.46
640
1010_1014

Calculate the resistance of a piece of aluminum that is 20cm long and has a
cross-sectional area of 10*m2. What is the resistance of a piece of glass with
the same dimensions? p,=2.82x108Q.m, pg;,,=101°Q.m.

The resistance of aluminum

14
R, =p—=282x10"
aA=P A x [10

The resistance of glass

lass —
¢ A

R ,o£ :lOm[

0.1
10™

) =2.82x107°Q

)le“Q

Notice that the resistance of aluminum is much smaller than glass.
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Example (2)

A 0.90V potential difference is maintained across a 1.5m length of tungsten
wire that has a cross-sectional area of 0.60mm?2. What is the current in the
wire?

Solution

From Ohm’s law

\Y 4
l=— where R=p—
R ”n
therefore,
-7
|::!ﬁ:(090X69:10 ) _6.43A
ol (5.6x107®)(L.5)
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

Example (3)

(a) Calculate the resistance per unit length of a 22 nichrome wire of radius
0.321mm. (b) If a potential difference of 10V is maintained cross alm length of
nichrome wire, what is the current in the wire. ppichromes=1.5%10%Q.m.

Solution
(a) The cross sectional area of the wire is

A=nr2=x (0.321x1073)2 = 3.24x107m?
The resistance per unit length is R/I

R_p 15x10°

=—=——"—=46Q/m
¢ A 3.24x10
(b) The current in the wire is
I=!=£:2.2A
R 46

Nichrome wire is often used for heating elements in electric heater, toaster and
irons, since its resistance is 100 times higher than the copper wire.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 14
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Problem to solve by your self

1. A current of 5A exists in a 10 Q resistor for 4min. (a) How many
coulombs, and (b) how many electrons pass through any cross section
of the resistor in this time?

2. Asmall but measurable current of 1.0 x10-1° A exists in a copper wire
whose diameter is 0.10in. Calculate the electron drift speed.

3. Asquare aluminum rod is 1.0m long and 5.0mm on edge. (a) What is
the resistance between its ends? (b) What must be the diameter of a
circular 1.0m copper rod if its resistance is to be the same?

4. A conductor of uniform radius 1.2cm carries a current of 3A
produced by an electric field of 120V/m. What is the resistivity of the
material?

5. If the current density in a copper wire is equal to 5.8x10A/m?,
calculate the drift velocity of the free electrons in this wire.
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Electrical Energy and Power

If the positive terminal of the battery is
connected to a and the negative terminal of the
battery is connected to b of the device.

A charge dg moves through the device from a to
b. The battery perform a work dW = dq V.

This work is by the battery is energy dU

transferred to the device in time dt therefore,
dU =dW=dqV,, = 1dtV,,
The rate of electric energy (dU/dt) is an electric
ower (P).

p (P) du

P = —
dt

Suppose a resistor replaces the electric device,
the electric power is

v,

1 1
|T_ l

The current can flow in
circuit when a battery is
connected to an electrical

2
P=12R or P ZL device through conducting
R wire.
The unit of power is (Joule/sec) = watt (W).
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3
Example (1) Example (2)
An electric heater is constructed A light bulb is rated at 120v/75W.
by applying a potential difference The bulb is powered by a 120v.
of 110volt to a nichrome wire of Find the current in the bulb and
total resistance 8Q. Find the its resistance.
current carried by the wire and Soluti
the power rating of the heater. olution
Solution P=IV
Since V=1R
P 75
v 110 | =—=—=0.625A
=L -2 _138A v 120
R 8 Th i i
The power P is e resistance is
\Y 120
R=—=—"-=192Q
P = I2R = (13.8)2x 8 = 1520W I 0.625
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Resistors in Series

The figure shows three resistor in series, carrying a current 1.

12 = =
AN = | @ D
e - - -
e Pl Ao >
NE N N4
‘ﬂ >
NE

For a series connection of resistors, the current is the same in each resistor.

If Vp is the potential deference across the whole resistors, the electric
energy supplied to the system per second is IV,p. This is equal to the
electric energy dissipated per second in all the resistors.

IVap=IVag + Vg + IV

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Vap=Vas* Vac+ Vep
The individual potential differences are
Vag = IRy, Vec= IR, Ven=IR3

Therefore
Vap= IR + IR, + IR,

Vap=1(Ri+ R+ Ry)

The equivalent resistor is

[ R=R1+R2+R3]
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Resistors in Parallel

The figure shows three resistor in parallel, L —» R
between the points A and B, A current | enter :
from point A and leave from point B, setting up

a potential difference Vg. AL R B
_ _ T —. AN\ — o>

For a parallel connection of resistors, the

potential difference is equal across each resistor. L—» R,

The current branches into 1, I,, 15, through the

three resistors and, ‘ Vv

AB
1=1+1,+15

The current in each branch is given by

I P
1 2 3
...|=VAB[R1+R1+F§J .,_£=i+i+ 1
_ o R R R, R
The equivalent resistance is
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

Physical facts for the series and
parallel combination of resistors

No. Series combination Parallel combination
Current is the same through all Potential difference is the same
1| resistors through all resistors

Total potential difference = sum of Total Current = sum of the individual

2 the individual potential difference current
Individual potential difference Individual current inversely
3 | directly proportional to the individual | proportional to the individual
resistance resistance
Total resistance is greater than Total resistance is less than least
4 greatest individual resistance individual resistance
Notice that parallel resistors combine in the same way that series
capacitors combine, and vice versa.
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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Example (3)

Find the equivalent resistance for the circuit shown in figure 7.6. R;=3Q,
R,=6Q, and R;=4Q. R

2

R

Solution AA,

Resistance R; and R, are connected in parallel therefore the circuit is

simplify as shown . RaR, .

R'=2Q

Then the resultant resistance of R;&R, (R’) are connected in series with

resistance R,
R=R’+R;=2+4=60

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9
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Example (4)

Find the equivalent resistance for the
circuit shown in the figure. R;=4Q,
R,=3Q, R;=3Q2, R,=5Q2, and Rs=2.9Q2.
Solution

Resistance R, and R, are connected in series therefore the circuit is simplify as
shown below R,

R'=R,+R,=4+3=7Q)

Then the resultant resistance of R;&R, (R’) are connected in parallel with resistance Ry

1 1 1 1 1 10
—_— e ==
R" RR R, 7 3 21

The resultant resistance R for R;&R,&R ” are connected in series.

R"=2.1Q

R=R”+ Rs+R,=2.1+5+2.9=10Q

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10



Example (5)

Three resistors are connected in parallel
as in shown in the figure.

A potential difference of 18V s
maintained between points a and b.

find the current in each resistor.

Calculate the power dissipated by
each resistor and the total power
dissipated by the three resistors.
Calculate the equivalent resistance,
and the from this result find the total
power dissipated.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

L 18V

11

To find the current in each resistors, we make use of the fact that the
potential difference across each of them is equal to 18v, since they are

connected in parallel with the battery.

Applying V=IR to get the current flow in each resistor and then apply P =

IR to get the power dissipated in each resistor.

=Y _18_ga P, = 1,2R,=108W
R, 3
vV 18
.= =2 _3A P,=1,2R,=54W
"R, "6 2= "Ry
V 18
.=~ —=°_9A P.=1.2R,=36W
R 9 3= 13"y

The equivalent resistance R is

Lt 1.1,1 1
R, 3 6 9 18

€q

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Reg=16Q
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Example (6)
A 2.4m length of wire that is 0.031cm? in cross section has a measured
resistance of 0.24Q. Calculate the conductivity of the material

Solution
L 1
R=p— and =—
pA » o
_L 2.4 =3.23x10°/Q.m

RA~ (0.24)(3.1x10°)

Example (7)
A 0.9V potential difference is maintained across a 1.5m length of tungsten
wire that has cross-sectional area of 0.6mmZ2. What is the current in the

wire?
Solution | = v where R= pL
R A
VA  0.9x6x10”
| == 2E0R _6.43A
oL 5.6x107° x1.5
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

Problem to solve by your self

1. A 2.4m length of wire that is 0.031cm? in cross section has a measured
resistance of 0.24Q. Calculate the conductivity of the material.

2. Aluminium and copper wires of equal length are found to have the same
resistance. What is the ratio of their radii?

3. What is the resistance of a device that operates with a current of 7A when the
applied voltage is 110V?

4. A copper wire and an iron wire of the same length have the same potential
difference applied to them. (a) What must be the ratio of their radii if the
current is to be the same? (b) Can the current density be made the same by
suitable choices of the radii?

5. A 0.9V potential difference is maintained across a 1.5m length of tungsten
wire that has a cross-sectional area of 0.6mm?2. What is the current in the
wire?

6. A wire with a resistance of 6.0Q is drawn out through a die so that its new
length is three times its original length. Find the resistance of the longer
wire, assuming that the resistivity and density of the material are not
changed during the drawing process.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 14
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11.
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A wire of Nichrome (a nickel-chromium alloy commonly used in
heating elements) is 1.0 m long and 1.0mm? in cross-sectional area. It
carries a current of 4.0A when a 2.0V potential difference is applied
between its ends. What is the conductivity o, of Nichrome?

A copper wire and an iron wire of equal length | and diameter d are
joined and a potential difference V is applied between the ends of the
composite wire. Calculate (a) the potential difference across each wire.
Assume that I=10m, d=2.0mm, and V=100V. (b) Also calculate the
current density in each wire, and (c) the electric field in each wire.

Thermal energy is developed in a resistor at a rate of 100W when the
current is 3.0A. What is the resistance in ohms?

How much current is being supplied by a 200V generator delivering
100kW of power?

An electric heater operating at full power draws a current of 8A from
110V circuit. (a) What is the resistance of the heater? (b) Assuming
constant R, how much current should the heater draw in order to
dissipate 750W?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 15

12.

13.

14.

If a 55Q resistor is rated at 125W, what is the maximum allowed
voltage?

A 500W heating unit is designed to operate from a 115V line. (a) By
what percentage will its heat output drop if the line voltage drops to
110Vv? Assume no change in resistance. (b) Taking the variation of
resistance with temperature into account, would the actual heat output
drop be larger or smaller than that calculated in (a)?

A 1250W radiant heater is constructed to operate at 115V. (a) What will
be the current in the heater? (b) What is the resistance of the heating
coil?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 16
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Electromotive Force

In any electrical circuit it must exist a device to provide
energy to force the charge to move in the circuit, this
device could be battery or generator; in general it is
called electromotive force (emf) symbol ().

The electromotive force are able to maintain a potential
difference between two points to which they are
connected.

Then electromotive force (emf) (§) is defined as the
work done per unit charge.

dw
e I

The unit of & is joule/coulomb, which is volt. I

The device acts as an emf source is drawn in the circuit
as shown in the figure, with an arrow points in the
direction which the positive charge move in the external
circuit.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3

Finding the current in a simple circuit

e Consider the circuit shown in figure (a) where a rE .
battery is connected to a resistor R with connecting %%l.b_mﬂi
| |
|

wires assuming the wires has no resistance. L
I
* In the real situation the battery itself has some internal IT ¢
resistance r, hence it is drawn as shown in the rectangle JV’\*N
H H €
box in the diagram. . /

» Assume a +ve charge will move from point a along the
loop abed. In the graphical representation figure (b) it
shows how the potential changes as the charge moves.

* When the charge cross the emf from point a to b the
potential increases to a the value of emf , but when it
cross the internal resistance r the potential decreases
by value equal Ir. Between the point b to ¢ the
potential stay constant since the wire has no resistance.
From point c to d the potential decreases by IR to the
same value at point a.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 4



The potential difference across the battery between point a
and b is given by

Vo-Vo= & -1t

[ £ R 1
Note that the potential difference across points a and b is 4!; I,J’_.W\,Ji
equal to the potential difference between points c and d i.e. LR
Vp-V.=V4-V.= IR ’T
Combining the equations R
9 q AAe
IR=E-Ir re
Or
E=IR+Ir Ve r R

Therefore the current | is

| é: IR|—

TR+r

- 1l

This equation shows that the current in simple circuit
depends on the resistors connected in series with the
battery.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Simple Rule

We can reach to the same answer using this rule

The algebraic sum of the changes in potential difference across each element of the

circuit in a complete loop is equal to zero.

By applying the previous rule on the circuit above

starting at point a and along the loop abcda :_8 + v

Here in the circuit we have three elements (one emf and —E_""I b e

two resistors r&R) applying the rule we get, ]T T -
+€-1Ir-1R=0 R

The +ve sine for & is because the change in potential ,'m

from the left to the right across the battery the potential
increases, the -ve sign for the change in potential across
the resistors is due to the decrease of the potential as we
move in the direction abcda sl = S

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Example (1)

Find the current flow in the branch if the potential difference V,— V,= 12v. Assume
€,=10v, &,=25v, R,;=3Q, and R,=5Q.

o——p <4+—0
R
| AAA—AAN, e
a L
We must assume a direction of the current flow in the branch and suppose that is from
point b to point a.  To find the current in the branch we need to add all the algebraic

changes in the potential difference for the electrical element as we move from point a
to point b.

Solution

V-V =+ + IR + IR, - &,

dadll g V-V, el agall 38 of o gpaains llyy b akaiil) ) g Akl e jlosall U yiad L L JaaY
b adaiil) ) g Adaill (e A ¢l 2l J 52l

R, +R, 8
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 7

Example (2)

Find the potential difference V,-V,, for the branches shown in the figure.

10v 12v
| M T

a || || b
& 5

Solution

To find the potential difference V,-V, we should add the algebraic change in the
potential difference for the two batteries as we move from point b to point a

V-V, = +8,- &, =12-10 = 2v

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 8
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Example (3)

Find the potential difference V,-V, for the branches shown in the figure.

Solution

4l ) adisal) 3l (e g mm gl L o Cumg g ARl (e Ao g W b Al o i My

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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30v 15v 5v
| A [ [

a || || || b
1 & 3

V.-V, = +E5+E,- & =5+15-30 =-10v

£ o) Alaad) 5y (o Alla (B 0S5 E 5,8 Ol O 1 Gkl

Problem to solve by your self

A battery with an emf of 12V and internal resistance of 0.9Q is connected across a
load resistor R. If the current in the circuit is 1.4A, what is the value of R?

What power is dissipated in the internal resistance of the battery in the circuit
described in Problem 8.1?

(a) What is the current in a 5.6Q resistor connected to a battery with an 0.2Q
internal resistance if the terminal voltage of the battery is 10V? (b) What is the emf
of the battery?

If the emf of a battery is 15V and a current of 60A is measured when the battery is
shorted, what is the internal resistance of the battery?

The current in a loop circuit that has a resistance of R, is 2A. The current is
reduced to 1.6A when an additional resistor R,=3Q is added in series with R;.
What is the value of R,?

A battery has an emf of 15V. The terminal voltage of the battery is 11.6V when it
is delivering 20W of power to an external load resistor R. (a) What is the value of
R? (b) What is the internal resistance of the battery?

10
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11.

12.

13.

14.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

A certain battery has an open-circuit voltage of 42V. A load resistance
of 120 reduces the terminal voltage to 35V. What is the value of the
internal resistance of the battery?

Two circuit elements with fixed resistances R; and R, are connected in
series with a 6V battery and a switch. The battery has an internal
resistance of 5Q, R;= 32Q, and R,=56Q. (a) What is the current
through R; when the switch is closed? (b) What is the voltage across R,
when the switch is closed?

The current in a simple series circuit is 5.0A. When an additional
resistance of 2.0Q is inserted, the current drops to 4.0 A. What was the
resistance of the original circuit?

Three resistors (10Q, 20Q, and 30Q2) are connected in parallel. The
total current through this network is 5A. (a) What is the voltage drop
across the network (b) What is the current in each resistor?

Q
Find the equivalent resistance between 40 90

points a and b in Figure 8.27. (b) A potential

difference of 34V is applied between points loo

a and b in the Figure. Calculate the current @ b
in each resistor.

Evaluate the effective resistance of the T VWV
network of identical resistors, each having LAAAAAAAAA
resistance R, shown in the figure

Calculate the power dissipated in each e

resistor in the circuit of the figure.
o 2V
Consider the circuit shown in the figure. o
Find (a) the current in the 20Q resistor and

(b) the potential difference between pointsa gq w 200
and b.

»

12Q b

11
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Kirchhoff’s Rules

A practical electrical circuit is usually complicated system of many electrical elements.
Kirchhoff extended Ohm’s law to such systems, and gave two rules, which together
enabled the current in any part of the circuit to be calculated.

Statements of Kirchhoff’s Rules

(1) The algebraic sum of the currents entering any junction must equal the sum of the
currents leaving that junction.

>1,=0 at the junction

(2) The algebraic sum of the changes in potential difference across all of the elements
around any closed circuit loop must be zero.

ZAVi =0 for the loop circuit

Note that the first Kirchhoff’s rule is for the current and the second for the
potential difference.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 3

Kirchhoff’s Rules

Applying the first rule on the junction shown below

<—Junction

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 4
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Kirchhoff’s Rules

Applying the second rule on the following cases /
—
(1) If a resistor is traversed in the direction of the —ANN—
. . . a b
current, the change in potential difference across the V,-V=-IR
resistor is -IR. /
4_

(2) If a resistor is traversed in the direction opposite A AN .
the current, the change in potential difference across 2y -+/p
the resistor is +IR.

- - - - g I
(3) If a source of emf is traversed in the direction of -+
the emf (from - to + on the terminal), the change in '—|a }—'b
AN -
potential difference is + . VoVt &
(4) If a source of emf is traversed in the direction ¢
<4+—0

opposite the emf (from + to - on the terminal), the i+
change in potential difference is - . ;—| }—B

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 5

Hints for solution of problems using
kirchhoffs rules

)l gladl) pL) Guay i g S Bacld aladiay

b)) callaad) Gl (ha Ania agus A g1 Bl (8 & Uy JSI emf A gl dadlal) 5 g8l slat) aaa ]
Ao Ul e gall

i Ll dasa o) (a3l Aa glBall e A ) 3 AN pualis cra s S ALgSH Ll olad) aaa 2
O kel slai¥) (188 Jill A g LG gl AN Jad) OIS NME il S (SaB (Gl (g (ST
ouSlaall olai¥l B Ll olad) (S1y Aasaua Ll Aad b Al LN 5L el 13 Ll dasaia
.0A sidall olasdd

A2l o JLlh B LAY 0985 Gy A gl B ilall B Baga gall Baal) e Cigd <l Y Bacll) (gai 3
Al BaBel) e da LAY g Aua ga BaBel) s

B AN o) g A Sl BN £ A cra £ 8 JX aaaa (3lha s o Cigd <t AU Bacldl) gdai 4
Laga ol Gllea (LS 13) A S0 8 30400 pualic (e puaie IS o 3gal) 38

Lo da (4) 5 (3) Crishil) Gkl (e il ) Ll ) cNalaall gai 5
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Single-loop Circuit

In a single-loop circuit there is and the current is the same in all elements
of the circuit, therefore we use only the second Kirchhoff rule.

Example (1)
Two battery are connected in opposite in a circuit contains two resistors as shown in

figure 8.6 the emf and the resistance are &,=6v, &,=12v, R,;= 8Q, and R,=10 Q. (a) Find
the current in the circuit. (b) What is the power dissipated in each resistor?

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org

Solution
If we assume the current in the circuit is in the clockwise direction (abcda).
Applying the second Kirchhoff’s rule along arbitrary loop (abcda) we get

ZAVI = 0 é1

o—>
a_ ||t b
I —
+6 - IR - &+ IR, =0 !
Solving for the current we get - TI | Il "
— _ «—
R +R, 8+10 3 0

The -ve sign of the current indicates that the correct direction of the current is
opposite the assumed direction i.e. along the loop (adba)
The power dissipated in R, and R, is
P, = I?R, = 8/9W
P, = I?R, = 10/9W
In this example the battery &, is being charged by the battery &;.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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Example (2)

Three resistors are connected in series with battery as shown in the figure, apply
second Kirchhoff’s rule to (a) Find the equivalent resistance and (b) find the potential
difference between the points a and b.

a R,
|
I“__ |l R
Sl T 2
|
<—
b R,

Solution
Applying second Kirchhoff’s rule in clockwise direction we get
-IR;- IR, - IR, +£=0

- &
R, +R, +R;
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 9
<
R
therefore,
R=R;+R,+R,

To find the potential difference between points a and b V,;, (=V,-V,,) we use the second
Kirchhoff’s rule along a direction starting from point (b) and finish at point (a)
through the resistors. We get

Vy+IR=V,
Where R is the equivalent resistance for R;, R, and R,
V= V,-Vp,=+IR
The +ve sign for the answer means that V, >V,
Substitute for the current | using the equation | = £
we get R
Var=§

This means that the potential difference between points a and b is equal to the emfin
the circuit (when the internal resistance of the battery is neglected).

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 10
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Example (3)

In the circuit shown in the figure let & and &, be 2v and 4v, respectively; r, ,r, and R
be 1Q, 2Q, and 5Q, respectively. (a) What is the current in the circuit? (b) What is the
potential difference V,-V, and V,-V.?

Cc ry - |+ a "| - ry b
|l
o—Pp 4—0
&1 93
R

Solution -0
L+ I+ IR+1Ir +§, =0

Solving the equation for the current we get

- 4-2
-4 =+0.25A
R+n+r, 5+1+2
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 11

The potential difference V-V, we apply second Kirchhoff’s rule starting at point b to
finishing at point a.

V-V, =-Ir, +&, = (-0.25x2)+4=+3.5v

The potential difference V,-V, we apply second Kirchhoff’s rule starting at point c to
finishing at point a.

V-V, = 4§ + Ir; = +2+(-0.25x1) = +2.25v

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 12
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Multi-loop Circuit

Some circuits involving more than one current loop, such as the one shown in the
figure. Here we have a circuit with three loops: a left inside loop, a right inside loop,
and an outside loop.

d

In the circuit shown above there are two junctions b and d and three branches
connecting these junctions. These branches are bad, bcd, and bd. The problem here is
to find the currents in each branch.

A general method for solving multi-loop circuit problem is to apply Kirchhoff’s rules.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 13

You should always follow these steps:

(1) Assign the direction for the emf from the -ve to the +ve terminal of the battery.

(2) Assign the direction of the currents in each branch assuming arbitrary direction.

S o2y

a b
||

After solving the equations the +ve sign of the current means that the assumed
direction is correct, and the -ve sign for the current means that the opposite direction
is the correct one.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 14



(3) Chose one junction to apply the first Kirchhoff’s rule.
>1,=0

At junction d current I, and |4 is approaching the junction and I, leaving the junction
therefore we get this equation

I+ 15-1,=0 @

(4) For the three branches circuit assume there are two single-loop circuits and apply
the second Kirchhoff’s rule on each loop.

For loop a on the left side starting at point b we get

+E - 1Ry + 13R;=0 2

For loop b on the left side starting at point b we get

-13R5- 1,R,-£,=0 (3)

Equations (1), (2), and (3) can be solved to find the
unknowns currents I, I,, and I5.

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 15

Example (4)

In the circuit shown in the figure, find the unknown current I, resistance R, and emf &.

Solution
At junction a we get this equation
I1+1-6=0 18v g
Therefore the current '+| - ° ° _llf'
I =5A — | I p—
To determine R we apply the second a b
Kirchhoff’s rule on the loop (a), we get 1Al 2Q
18-5R+1x2=0 .l 5A 3
R=4Q «/X\, 2 ’\ng\f
To determine & we apply the second
Kirchhoff’s rule on the loop (a), we get
E+6x2+1x2=0
g=-14v
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org 16
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Problem to solve by your self

1. (a) In the figure what value must R have if

17

the current in the circuit is to be 0.0010A? 5 I—l—* —|—*I 5
Take & £=2.0V, £,=3.0V, and r,=r,=3.0Q. 4§ |’ t47?
(b) What is the rate of thermal energy ’ ’
transfer in R? ! 2
VA
R
G
[
2. In the figure find the current in each oA
resistor and the potential difference flz élta
between a and b. Put £,=6.0V, £,=5.0V, a +|I_ +|I_
;=4.0V, R,=100Q and R, =50Q. b
—A—
Rl
Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
Problem to solve by your self
3. (@ Find the three currents in the
figure. (b) Find V,. Assume that Ry a Ry
R,=10Q, R,.2.0Q, §=20 V, and A WA
€,=€=4.0V. R, i
51 ?—_
Ty
R, b
30 10v
a b
4. (@) Find the potential difference
between points a and b in the circuit in ' 50 7Q
the figure. (b) Find the currents I, I, ilz
and I, in the circuit
«— —»
/1 /3

Dr. Hazem Falah Sakeek www.hazemsakeek.com & www.physicsacademy.org
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