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Chapter One
Electrostatics

1.1 Coulomb’s Law

Electrostatics deals with the study of forces, fields and potentials arising from static charges.
Charge
Charge: It is a physical quantity, and it is like mass, a fundamental property of matter.
e charge on electron to be negative and charge on proton to be positive is a convention.
e Charge of an isolated system is always conserved
e Charge is always quantized. i.e. Q = ne, wheren = 0,+1,+2 —
e = charge of an electron = 1.6 X 1071°C.
e For Quarks this quantization rule is not valid.
Properties of Electric Charge
(a) Additivity of charges
(b) Charge is conserved
(c) Quantization of charge

Unit: coulomb

H.N. 28 A/1, Jia Sarai, Near IIT-Delhi, Hauz Khas, New Delhi-110016
#: +91-89207-59559
Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com




Pravegatl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

Smallest charge =e =1.602192 x 10-19 C Charge on electron and proton
Coulomb’s Law for Discrete Charges
It gives the force on a test charge @ due to a single point charge g, that is at rest a distance r

away.

Note: F < F 1 q0Q,

- 2
4meg

The constant € is called the permittivity of free space. In Sl units,

where force is in newtons (N), distance in meters ( m ), and charge

in coulombs (C),

2
€, =8.85x 1071

. mZ
The Electric Field

Consider several point charges q4, q3, -.., qn, at distances 1y, 15, ..., 15, from Q, the total force on Q

is given by
1 010 q:Q ,
F=F F R
1+ 2+ 47‘[60<r12 T1+r22 T2+
Q (q1, 9z , qs3 .
= 47‘[60 r_lzrl ?TZ +r_327'3 +
Or F = QE
Where,

For a small charge dq, the Electric Field is given by,

dE(r) — dq
(r) = 4mey T r
For Electric field due to total charge E=[dE
For continuous system a small charge dgq — Adl ~ oda ~ pdr

Where, A is line charge distribution, o is surface charge distribution and pis volume charge
distribution.

Note: Coulomb's law and the principle of superposition constitute the physical input for
electrostatics-the rest, except for some special properties of matter, is mathematical elaboration

of these fundamental rules.
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Example: The electron revolving around the nucleus have a charge +e in a primitive atom, can
be represented by the spherical charge distribution.

_e _
p(r) =—5 e 7/
T,

where 1, is called the Bohr radius. Calculate the total charge of the cloud.

Solution: Small charge is given by charge is given by dg = pdr. Here we must take volume

element in spherical polar coordinate.

Q= fpdr = fffp r2drsin 0dOd¢ = f°° p(r)rzdrfn sin Hdﬁfzndqb
0 0 0

[oe]
_ €. ® 2 ,-2r/T _ ; n ,—ar _ I'(n+1)
Q= - 4mc [, rle odr = —e Use gammaintegral | 1" e ™ dr = —

0

Example:

(a) Twelve equal charges, g, are situated at the comers of a regular 12-sided polygon (for instance,
one on each numeral of a clock face). What is the net force on a test charge Q at the centre?

(b) Suppose one of the 12 g 'sis removed (the one at "6 o'clock"). What is the force on Q? Explain
your reasoning carefully.

(c) Now 13 equal charges, g, are placed at the comers of a regular 13-sided polygon. What is the
force on a test charge Q at the centre?

(d) If one of the 13 g's is removed, what is the force on Q? Explain your reasoning.

Solution:

(a)

Fig (3) Fig (b)

The system of 12 charges is shown in the fig(a) sitting at the corners. We can see that two charges

are sitting opposite to each other as shown in the fig(b). Hence the force on charge O will be

cancelled. This will happen with all 12 charges. So, Fnet = (. Force will be cancelled.
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(b) If one charge is removed the force that will appear is given by,

q
F = 1 g (coulomb’s law)
dre, 72 g removed

That is the amount of force vanished after removal of q will be 0
the force acting on Q.
Since other charges will cancel each other like they were doing in previous case (a).

(c) Instead of 13 let us see what happens with three (odd number as 13) ¢

Fx=0,Fy=0.TheforceonQis F=0.

(d) The force on Q after the charge was removed will be F.
0
4dmey 12

That is the amount of force vanished after removal of q will be the

force acting on Q.

Example: (a) Find the electric field (magnitude and direction) a distance
z above the midpoint between equal and opposite charges, g, a
distance d apart.

(b) Repeat part (a), only this time make left-hand charge -q instead of

g.
Solution:

(a) The Electric field at P is calculated using coulombs law. Cosine
components will add up in z direction and sine components will cancel

The net field is given by, Enet =2FEcos6z,

1 d?
where, F = 4 and #* =—+2°

dre, 1’

q
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- 1 A
Forz>>d, r’=2",E_ =2x %z
Are, z

Note: When you go very far it appears that 2q charge is at mid-

point. 2Ecos 6 <<
(b) Sine components will cancel each other, and cosine %\N\

.
0
~7an arz 1

components will

Add up as shown in fig.

—

E,, =2FEcosf(—x)

1 g d/2 %)= 1 qd

=2x :
dre, r* 1 Are, 42"
22+

4

2

Where 1’2 =—-+ 22
a

In the situation when d -0, E — 0 Since q,,=0
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