Chapter 1:

Electrostatic



Introduction

Electrostatics 1s a branch
of physics that deals with the
phenomena and properties of
stationary or slow-moving electric

charges with no acceleration.



Electric Charge

* The symbol for CHARGE is “q”

Some important constants

» There are 2 types basically, positive (protons) and negative (electrons)

* LIKE charges REPEL and OPPOSITE charges ATTRACT

e The unit is the COULOMB(C), named after Charles Coulomb

Particle Charge Mass
Proton 1.6x10-1° C 1.67 x10%7 kg
Electron -1.6x10°° C 9.11 x10-3! kg




Electric force

Electric ~ force between electric| L -
charges, and this force is called the [ R E‘ FI‘ :
Coulomb force. — 4 prossssnsseins g s |1 W .
*The force between two electric
0 02 . TILIL

charges of the same kind (1.e. both | . -y g
positive or both negative) is repulsive | & LN '
the force between electric charges of | — - wome o — 1 (1, (;
different kinds (i.e. one positive and | |

: : . q (2
one negative) is attractive as shown . _
in Fi g. Repulsive Coulomb force Attractive Coulomb force
We denote the direction vector of pomt charge g =
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Electric force

The force between two point charges . q; and q,

The magnitude of the force is proportional to the

in vacuum, separated by distance r 1s expressed as product of the two electric charges and is inversely

1

Fyy = KZET  andK = - -Where proportional to the square of the distance. The magnitude
r e,
. . . of the force 1s
K 15 the Coulomb constant and 1t in SI units has the
value K =9 x 10°Nm? / C=. B Klg,llq,
Er"l - 22

€o 1s the permittivity of vacuum given by

€ =8.8542 x 1012C/Nm?2. The ST unit of the Coulomb force F is newton (N).

Coulomb’s L.aw for a system of charges:

Consider a system of N charges (positive and negative),
qi- J2- - - - - qne- The force exerted on anyv charge 1 from all
other charges 1s

N T N qydr1 77
F, = Z]=1¢I F];"l — Z]=1¢IK I"]Z,EI UJI

where 1j; 1s a unit vector directed from q ; to q;.



Example :

Consider the three pomt charges q; = ;= q3=-q, that are a

shown 1n Fig. Find the resultant force exerted on the

charge ¢, by the two charges q; and gs.

Solution :

a, O «

—

—eC) D«

Finding the resultant force vector exerted on ¢,

Using the Coulomb’s law, F; = E + E: and F, = Fy, 1 + Fyp]

—_— Bap=Fip_tHy
There
2\E, =Fp thp

- Calculating the force vector m
F_,(Fa,fzx = Fa,fz)
3/2 FEIEF =

From Coulomb’s law, we calculate the magnitude of the force Ez’ as

follows:

laallgz| ke — [ F ke

3 kq - S

Fyp=k——t== Ths F x @

3/2 rg? 2/3 Fys =0
¥

- Calculating the force vector F;

4 Fl,.fz,p = Fl,fz

From Coulomb’s law_ we calculate the magnitude of

the force F,,, as follows:

Fipm =0
lasllaz] _ %q® = e
g =k — == This FIIE(F _E)
1,2 1;2:}:‘ = az
A AP T
e 2l e i TG A E
S e T ) kg
¥ ¥ FE_}-‘ == G + a2
kq?
F Fz.l' - az Fa qu_; qu—:
== = — I+
2 qu 2 al aZ 7
F2 —



kg
0 = 2 i By e e
The magnitude of the force Fz —Jpzx B, -J% e

The second method

—_— —

Using the Coulomib’ s Laws, Fz' = Fq =+ Fg iz

Thus: F, = *u'l Fy r2Z 4 Faya® 4 2F, r2Fa racos90°
= Fz = --.,.IIF .-":E = FE,-":E

Fapp = 2
Wher gz > Fapa = Faso

F:I..-"E r— q_.

o2

Then
Fﬂ= IFj_l’ﬂ _I_FH-'H =='F:= IEF.-'-E ="|.|2



Electric Field due to a Point Charge q,

Definition:

The electric field vector E at a point P in space is defined

as the electric force vector F acting on test charge ¢,

located at that point divided by the test charge:

R —

E i FZ;"l

3 a1
Using the definition of electric field vector at point p and
the Coulomb’s law, the electric field vector at a distancer
from a point charge q- is given by]

rdidz

= =z
E,p = —=
zE d1

—3 == > —

Where U is unit vector pointing from g, to P.

The magnitude of the

Electric field vector is

Esp = =
Tz/p

The SI unit of the electric

field E is (N/C).This is also

expressed as [V/m]

N
The direction of the electric field E.
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Electric Field due to a group
of individual charge

-

4re, 5 Vi
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Example :

Two point charges q, = q; = -q, are placed at
the two corners of a square of side a see Fig.
Find the electric field vector at the point P.

Solution :

*Finding the electric field vector at the point P

The first method

Using superposition principle, Ep = Ey,p + E3;p

(f'

&l

Thus: Ep = JEifrpz 5 Eg;pz = = ZElrprg‘,rpC0590=

|q | Kq
Ea,.",P = 'a .-:= ™ ;
Where ]qlril i
Ei"f‘F = kr IPe ~ a3
Then

f k
Ep = JE’_J‘;FE-’-EE!FZ = Ep = 2E1‘,-'p2 — \'If_q

a

= Eq /p=E3p

ifl

Eyjp




The second method

Using superposition principle,

.El_p = .Elj_l.-'_p + EH.-"P ‘Iil-:r'r.lf].EfE

! (EPx = Fyp_tF ,*px)
Ep

Epy =Fip, +Fayp,
- Calculating the electric field vector E;p

—}(ES,’PI = Eamj

Eao;
3/ P EE,"_FF- —_ El

|l'-_'|'5.|
rg /P2

kg
= — Thus
EE

Egl.-';:l — k

M . P, .
E 3Py — a2
WEN Bopn — 0
3.-"]'-"'}. T

- Calculating the electric field vector E,

Y Ei"f'F::' = ﬂ
Ei.-"P

E:I..-"P}_ = E:L.-"P'

|l kgt
k—— = Thus

ry p? a2

Ei.-"P kg

. Ei.-"-FI = ﬂ
51;*;1:

Ei.l'l.F}. — EE

)

Ep =E1 +E:

— Fe P
Then.Ep| g, —E1 +Es
3 B py

¥ ¥

= Ep

—
= Ep

- Finding the magnitude of

the electric field vector Ep
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EP:_,JEPI +E_p}_ —-



Electric Potential of a Point Charge

» Voltage, unlike Electric Field, is
NOT a vector! So if you have MORE

q,

V =k than one charge you don’t need to use
1/ p

vectors. Simply add up all the voltages

1/p
P wocx that each charge contributes since
p =K —
V 1/ p 2 voltage is a SCALAR.
9, - » WARNING! You must use the

“sign” of the charge in this case.
Potential from a system of N point charges: g g

» The unit of electric potential is

V = Z]:v k 4 L [Nm/C] and is defined as [V] (volt).




Electric Potential Energy
of a System of Point Charges

AU =U —U.=—W:F-?:q2§p-F=q2Ep-r

/

q

1 g

; Pyy _y
VP'kr_ V1)
2 ;
' 1
V =E -r= can 4,4
Where AT -2
‘ , y
. 'y
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» Start with (set U=0 at oo and U=U atr)

» We have U=q,V, = I 9.4,
" dne, v
» N charges: 1< & 949,
U=22 2, —
i=1 j=landizj F';




Electric Field and Electric Potential of a Continuous

Charge Distribution

In the case of a continuous distribution of
charge we first divide the distribution up
into small pieces, and then we sum the
contribution, to the field, from each piece:

In the limit of very small pieces, the sum is
an integral

dg

)

[_)

dq
4 e v
Then : V =2dV
For very small pieces :
v =[ar

Vo 1 qu
4 e r

Each dq : dV =

Find an expression for dq:
dq = Adl for a line distribution
dq = odA for a surface distribution

dq = pdV for a volume distribution

rff/
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s
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Eachdq: dE = dq 2(77;
dre,r

Then : E =Y dE
For very small pieces :

E:jdﬁ

g, ¥ r’




The Electric Field of a Uniformly Charged Disk

A disk of radius R has a
uniform surface charge
density o. Calculate the
electric field at a point P
that lies along the central
perpendicular axis of the
disk and a distance x
from the center of the

disk.

What if we let the radius of the disk grow so that
the disk becomes an infinite plane of charge

ka’q

Each dq (27zrdr ): dE ., = dE cos( 6) = cos( 6)
rd/p = \/(x +r )
where
0 —
COS( ) ras, \/(x s )
kx kx o 2 rrdr
dE == da =
R N R
R 2 d
E =k xno d rm
& (r2+x2)
_ - R 2 2 -3/2 2
—kxﬂo'.o(r +X ) d(r )
- _m_R — —
(r2+x2) 5
« =k xmo =127k o|1- —
~1/2 (Rz_l_xz)
- ) = i
1]
forx<< R E=2rko=—
2¢,
FEF=2rk o = id
2e;,




The Electric potential of a Uniformly Charged Disk

Each dq(27zrdr ):
A disk of radius R has a

uniform surface charge dv = kdg = kdg — k027rrdr/2
density o. Calculate the Vaip \/(xz + rz) (x2 + rz)l
electric potential at a R R
point P that lies along the |/ _ j ko 2zr d’// _ ko 2rdr :

: 2 - . 2
central perpendicular 7 (x2 4 rz)‘ ) (x2 + r2)l
axis of the disk and a =
distance x from the center _ j 5. j (x2 4 2 )‘”2 d(r?)

of the disk_:

— 0




Electric Dipole

A system of equal and opposite charges, separated by a finite

distance is called as an electric dipole.
As shown in figure, the two electric charges of electric

dipole are +q and —q and distance between them is 2a.

Electric dipole moment (F) of the system can be defined as

—_—

follows: P — an -q +Q
(= =
h-—_Ea e

The SI unit of electric dipole is coulomb meter (C. m)
Electric dipole is a vector quantity, and its direction is from
negative charge (-q) to positive charge (+q)

The net electric charge on an electric dipole is zero but its
electric field is not zero, since the position of the two charges
is different.



Find the electric potential along the y

. . . ) +q
axis of the electric dipole at the o @ C | - - A
four points 4, B, C, and D in Fi1 0 |
p » o D g (-a,0) (a,0)
r+ and r- as the distance from each point to the positive and negative charges, respectively:
(1) For point A in Fig. we have ¥ = a. Therefore, ro =x — a and r_ =
e + x. The electric potential V4 is:
v k oo 1 1 2K ga
A = &g o < x—a a-x T ox2 — o2
> qﬂ ({ Va4 positive)
= —— (x == ar)
x
(2) For point 8 in Fig.. « we have 0 = x = a. Therefore r4o =—ma — x and
r— =a + x. The electric potential Vg is:
1 1 2R S
= Kk _—— — ) = — = —a=X (V) sitive
q( kq(.:.r—_:: e —|—_r) at — x2 o a )
(3) For point C in Fig. . we have —a = x = (0. Therefore r4y == a — x and
r— =a + x. The electric potential V¢ 1s:
1 | 1 1 2kqg B
= K = —_ =" = kg : — m = mt‘ ({ Ve negative)
{(<4) For point I in Fig. , we have x = —a. Therefore r4 =ma — x and
r_ = —x — . The eleciric potential V is:
1 1 1 2 Kaper
Vo=kq| — — — = kg __—_
Ek.:::e_ o = SRR T ({ Vi negative)

(x <= —uex)




Electric Dipole in an External Electric Field

Consider an elecric dipole of eletric dipole moment p is placed in a uniform

exemnl el ied E 5 shown In Fig,

The vector torque T on the dipole is therefore the cross product of the vectors p’
and E. Thus:

-

The effect of this torque is to rotate the dipole until the dipole moment p is aligned
with the electric field E .



Electric Flux

Electric flux through the infinitesimal area _E'
dA 1s equal to
dd = E -dA L
where d® =E dA cosd

dA = An

Total Electric Flux through a Closed Surface:

®, =§E - di



Gauss’s Law

The total flux within
a closed surface ...

... Is proportional to
the enclosed charge.

/N

Q enclosed

-

@zﬁﬁﬁd};—

€9

Gauss’s Law is always true, but is only useful for certain

very simple problems with great symmetry.




Applying Gauss’s Law



A Cylindrically Symmetric Charge
Distribution

Find the electric field a distance r from a line of positive
charge of infinite length and constant charge per unit
length A.

CDEz..:)Eod& =E:3d& —F ¢ A = FA = 2 i - A

Al 24 A A
Cauissizan u E = — E = : E: :2K_
-.||!.|:-:. ‘_- I ( go 47[%]/' 272-(%]/’ r

. . What 1f the line segment in this

" - example were not infinitely

long? A
E # 2K —

r




Infinite sheet or Plane of charges

1. Select Gauss surface
In this case a cylindrical

2. Calculate the flux of the
electric field through the
Gauss surface

O=2EA

3. Equate @ = g,/
2EA = qencl/go

| Y

E

\

i

~ \._; 4. Solve for E

A A

0

T~

E=0.,/2A¢g=0A/2A¢g
(with 6 =q,,q/ A)
E=c/2¢,

il




A Spherically Symmetric Charge
Distribution

An conducting solid sphere of radius a has a uniform
volume charge density p and carries a total positive
charge Q.

(A) Calculate the magnitude of the | [orpomsoutside the sphere,

a large, spherical gaussian

clectric field at a point outside surface is drawn concentric
with the sphere.
the sphere.

D . =ﬁ>f10d}; =ﬁ>EodA — Qerzlzsed

ﬁDE o dA = EﬁDdA = FEFx A= E(47zr2): Qele;’sed

Gaussian
sphere

E = Qo _ g Qaoos _ g Q—Z(For r>a)
r

- (472'r2)50 r’




A Spherically Symmetric Charge Distribution

(B) Find the magnitude of the electric field at a point
inside the sphere.

Qunciores = PV'= p(%ﬁﬁj (PEedd =Efpda = Ex 4 =E(dzr?)= Qer;:sed

1 For points inside the sphere,
p(—;rﬁj a spherical gaussian surface
E = Qe“dgsed = & 2 - £ smaller than the sphere is
(47zr )50 (47zr )50 3¢g, ey

K
WAREE :Kgr (For<a |
ld 7




A Spherically Symmetric Charge Distribution

Suppose the radial position r = a 1s approached from
inside the sphere and from outside. Do we obtain the
same value of the electric field from both directions?

E:um[k g]:kg | !

2
FM—=>a

"

F

E :lim{k %r] X, ://’:a
F—d 1 a i \




