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2.1 Line Integral of Electric Field 

If a unit positive charge Is displaced by dl In an ｾ＾ｬ･｣ｴｲｩ｣＠ field of Intensity E , work ､ｯｮｾ＾＠ is 
'given by 

........ 
dW: E'dl ｾ＠

Line integration of this equation gives the work done in displacing a un ive charge 
from P to Q as 

ｾ＠ .. : .L· .: ...... , ｾ＠ ................ ｾ＠ .... M ..... .CJ? ......... . 
path followed by it. Hence, work done in moving a chargz:)f.: i closed path Is equal to 
zero. Thus ｾ＾ｬ･｣ｴｲｩ｣＠ field ｬｩｫｾ＾＠ gravitational field is a conserv vld. 

2.2 Electrostatic Potential r ｾ＠

The work done by the electric field in ｭｯｶｴＺｱ［ｾｰｯｳｬｴｩｶ･＠ electric charge from an 

arbitrarily selected reference point 9, Which ｾｶｩ＠ i jje Or OUtSide the field, tO point p iS 

ｧｬｶｾ＾ｮ＠ by ｾ＠

ｰｦｾｾ＠ ｾ＠
Wp: E ill ｾＧ＠

For ｴｨｾ＾＠
9 

selected ｲ･ｦ･ｲｾ＾ｮ｣ｾ＾＠ ｬｾ｡ｬｵ･＠ of Wp depends only on ｴｨｾ＾＠ position of point P 
and not on the path folio ＬＺﾷｾｲｯｭ＠ ｲ･ｦｾ＾ｲ･ｮ｣ｾ＾＠ point to point P. 

will 
distance will not 

flrectlon, opposing the electric field In bringing a unit positive charge 
to any point in the electric field is called the static electric potential 

as ｮｾ＾ｧ｡ｴｩｶｾ＾＠ as ｴｨｾ＾＠ work done is In a direction ｯｰｰｯｳｬｴｾ＾＠ to the ･ｬｾ＾｣ｴｲｩ｣＠ field. 
In bringing a unit positive charge from Infinity to points P and Q will be 

V (PI = 
p ........ o ....... f E .dl and V{Q) : f E ill 
00 <lO 

Q ........ p .... .... p .... .... 00 ....... I E. dl + f E dl : f E dl + I E 011 
co co co Q 

V{Q) • V(P) : 

Q ........ 
= . I E Oil 

p 
This equation gives the electric potential of point Q with respect to point P. Its unit is volt 

( joule I coulomb ) denoted by V and Its dimensional formula is M 1 L 2T • 3 A· 1. 
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2.3 Electric Potential Energy and Potential Difference 

A stationary electric charge at Infinity has no energy ( kinetic or potential ) associated with it. 
If a unit positive charge Is brought from Infinity to an arbitrary point P In the electric field 
such that It has no velocity at that point then, the field being conservative, work done on It 
Is stored with It In the form of potential energy and Is called the ･ｬ･｣ｴｲｬｾ｣ｯ＠ I of the 
point P and Is given by 

P...., ..... 

V(P) = ·L E[dJ 0 
If the electric charge Is of magnitude q Instead of unity, then t.r;o-, done Is called the 
potential energy of the charge q at point P and Is given by ＧＢ｜［［［ｾ＠

p ..... ..... r> ... 
u ( p ) = qV ( p ) = . I q E IJII "(./ 

The original electric fie: or the arrangement oft!fJuhe field should remain unaffected 
by bringing the electric charge q or the unit r an Infinite distance to the point In 
the electric field. 

of charge q when It Is moved from P w h Is given by 

Q ..... ｾ＠
U(Q) • U(P} = ·I qE .,v 
h ｯｨｯｯｾ＠ bo ...... ｾｬｦＺＮ＠ ........ , M <ho ....... , ..... , ...... b ,_....., ... 
only with the charge o with the entire charge distribution which gives rise to the 
electric field. 

2.4 Electric P entl I due to a Point Char e 

The electric potential at point A as shown In the figure Is 
given by 

A- -
V ( A ) = • j E • dl .. 
Moving In the radial direction from Infinity to point A, dl 

y 

, , 
,m 

.Y,( 
ＭＭｾＭＭＭＭＭＭＭＭＭＭｾ＠ X 

0 

.. 
dr r 
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V(A) = 
A dr 

• kq J-
Gl) r2 

= kq 

r 

1 _q 
V(A) = V(r) = ｾ＠41t llo r 

The electric potential Is positive If q Is positive and negative If q Is ne lve. ence, 
negative charge negative sign should be used for q In the above ･ｱｵ｡ｴｬｾ＠

2.5 Electric Potential In the Field of an Electric Dipole CJ\J 
Let the two charges -q and +q be placed at A and B 
respectively with a distance 2a between them. 

Let P be a point at a distance r from the centre of 
this dipole and making an angle 8 with Its direction 

such that AP = r. and BP = r +. 
e.· 

r_ 

p 

ＫＭＭＭＭＲ｡ＭＭＭｾ＠

holds good. 

( ·: p = 2aq) 

( 4 ) For a point along the equator of the dipole, e = 1t 12 and V = 0. 

for 

( 5 ) In the case of a dipole, the electric potential varies as 1 I r 
2 

and not as 1 I r as In 
the case of a point charge. 
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2.6 Electric Potentials due to Different Types of Charge Distributions 

2.6 ( a ) Discrete Distribution of Charges: 

The point electric charges q,, q2, ... q n have 
............. 

position vectors r1, r2, ... rn respectively with 
respect to the origin. 

The total electric potential at point P having position 
..... 

vector r due to the entire charge distribution Is 
equal to the algebraic sum of the electric potential 
due to each of the charges of the system and Is 
given by 

ｾ＠

V( r I = 
n 
l: 

1=1 1- -I 
r • 'I 

Let p ( -; I = volu ｾ＠ 4 
e density for continuous 

ｧｾｵｴｬｯｮ＠ In some region. 
dt I ｾｵｭ･＠ element having position 

r, r• 

The ･ｾｯｴ･ｮｴｬ｡ｬ＠ due to some volume element at 

ＮＬ［ＡｳＮｾ＠ """:' ................ ; . " ....... 
ｾｾ＠ 1 p( r'l dt' 

41t 8o I ";" • ;'I 

z 

z 

X 

ｾ＠

r' 

Page 4 

Integrating, we get the electric potential at the point P due to entire charge of the system as 

-V ( ;') = 1 J p ( r') dt' 
41t&o - ..... 

Vlr·r'l 
..... 

For constant charge distribution, p ( r' ) = p can be taken as constant. 
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2.6 (c) Uniformly Charged Spherical Shell: 

For a ｳｰｨｾ＾ｲｩ｣｡ｬ＠ shell of radius R carrying charge q on its surface, the ｾ＾ｬ･｣ｴｲｬ｣＠ potential at a 
point outside the shell at a ､ｩｳｴ｡ｮ｣ｾ＾＠ r from Its centre can be calculated by treating the entire 
charge of ｴｨｾ＾＠ shell as if concentralf>d at its centre and Is given by 

v = 1 .! 
41t6o r 

( r ｾ＠ R) 

The electric field Inside the sphere Is equal to zero. So the electric pot 
for all points Inside the spherical shell and its value will be equal ｾｲ､ｬＱｾ＠
the surface of the shell. Thus, the electric potential at the surfac 
inside will be constant and is given by 

v = 1 
q (r:SR) r>.a. + 

471:60 R "-' 

2.7 Equipotential Surfaces CJ 
If the electric potential at every point of ｾｾｹ＠ surface In an electric field is the 
same, then such a surface is called an equi ･Ｚ［ｾ｡｣･Ｎ＠

As the electric potential at a ､ｩｳｴ｡ｮ｣ｾｲ＠ point charge q Is given by 

v = 1 .!, 
41t6o r ｾ＠

all concentric spherical ｳｾｲｦ＠ e: ｾ･＠ charge q at the centre are equipotential surfaces. 

The electric lntensltyFll any point Is always perpendicular to the equipotential surface 
passing through that ol . can be proved as under . 

..... 
Work ､ｯｮｾ＾＠ for all $splacement dl of a unit positive charge along the equipotential surface 
in ite to the electric field 

= tential ､ｩｦｦｾ＾ｲ･ｮ｣ｾ＾＠ ｢ｾ＾ｴｷ･ｾ＾ｮ＠ thf> two points 

0 ( as the points are on ･ｱｵｩｰｯｴｾ＾ｮｴｬ｡ｬ＠ surface ) 
..... ..... 

cos 8 = 0, where 8 is the angle between E and dl . 

# 0 and dl # 0, cos 9 = 0 

cose = 2tf2 
..... ..... ..... 

which shows that E and dl are perpendicular to each other. As dl Is tangential to the 
..... 

surface of the sphere, E Is perpendicular to the spherical surface which is equipotential. 
For uniform electric field, equipotential surfaces will be planes perpendicular to the electric 
field lines. 
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2.8 The Relation between Electric Field and Electric Potential 

The electric potential difference between two close points P and Q is given by 

..... ..... 
dV = • E (]II 

..... A ... • A A 

If E = e. i and dl = dx I +dyj+dzk, then 

A A • A 

dV = • I Ex I I ' ( dx i + dy i + dz k I dV = ·Ex dx a • Ex 

dy dz ｾ＠
:":"':: ｾＺＺＺ､ｲｩ＼＠ ｾＺ＠ .. Ｚｭ｟Ｚｾﾷ•＠ ｾ＠ v '"' z'C•"". 
If the electric field vector has all the three ｣ｯｾ＠ , y, z ), then the relation between 
the electric potential and the electric field ｣｡ｾ＿＠ t;Ts 

av oV oV 
ox = • Ex, Oy = • Ey and ｾ＠ ｾ＠ r 

e = -("v; + ov; + ｾＧＧ＠
ox Oy l 'IJ v 

Here : , : and ｾｯｖ＠ .-t..=,_C partial derivatives of V ( x, y, z ) with respect to x, y and z 

respectively. ｾ＠ T 
partla ･ｲｩｶ｡ｴｩｶｾ＾＠ of V ( x, y, z) with ｲｾ＾ｳｰｾ＾｣ｴ＠ to x, the remaining variables y 

ns!4nt. Such a derivative of V Is called its partial derivative with ｲ･ｳｰｾ＾｣ｴ＠ to 
ov 

x and 

..... 
exists along the r direction, ｴｨｾ＾ｮ＠

dV 

dr 
= • Er. 

Is a conservative ｦｩｾ＾ｬ､＠ and the above equations can only ｢ｾ＾＠ ｵｳｾ＾､＠ for a 

Work done in bringing electric charges from Infinity to their ｲｾ＾ｳｰ･｣ｴｬｶ･＠ positions in a system 
of charges ｧｾ＾ｴｳ＠ ｳｴｯｲｾ＾､＠ In the form of electric potential energy of the system of ｣ｨ｡ｲｧｾ＾ｳＮ＠

The potential energy of a system of two charges q1 and q2 Is given as 
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If a third charge q3 Is Introduced In the system, then the potential energy of the system of 
three charges will be 

U = U12 + U13 + U23 

In general, If the system Is made up of n electric charges, 

u = 

2.9 a Potential Ener of an Electric Dl ole In a Unlf 

The potential energy of an electric dipole AB In a -uniform electric field ( E ) as shown In the figure Is 
equal to the algebraic sum of the potential energy 
of the two charges of the dipole. 

Taking the electric potential near the ne v 
charge to be zero, the potential energy of ｴｾ＠
will be equal to the potential energy of th osl 

charge. .,.N 
Let 11 V be the change In electric ｾｬＧｬｴ｡ｳ＠ we move from A to B. 

AV • ·H• • ＭＺｾＬｦ｝ｬ｢ＭＱＱ＠
the potential energy c arge q at point B Is n. _ .... 

U = q II. V = · E ( ｱｾ＠ 9 = • E p cos e = • E Ql 

--

c E 

(I) dipole Is parallel to the field, • E Ql = · pE which means that the 

lnlmum potential energy ( as It Is more negative ) which Is also the 
position of the dipole. 

the dipole has maximum potential energy, pE, and Is In an unsteady position. 

ＢＧＱｬｬｖｾｨＱＱｮ＠ the electric dipole Is perpendicular to the field ( 9 = It I 2 ), the potential energy of 
dipole Is zero. 

2.10 Conductors and Electric Fields 

When a conducting material Is placed In a uniform 
electric field as shown In the figure, free electrons 
migrate In a direction opposite to the electric field 
and get deposited on one side of the metal surface 
while the positive charge gets deposited on the other 
side of the conductor. This produces an electric field 
Inside the conductor and the migration of charges 

eonductor in an eleetrie field 

_, ___ ---- .... ［ｾＭｲＭＭ

stops when the Internal electric field becomes equal to the external field. 

-+ 
E 
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If we draw a Gaussian surface Inside the conductor as shown In the figure, then since the 
electric field on It Is zero, the net electric charge enclosed by It Is also zero. 

The Important conclusions are: 

( 1 ) Stationary electric charge distribution Is Induced on the surface of the 
( 2 ) Both the electric field and the net electric charge Inside the conductor 
( 3 ) At every point on the outer surface of the conductor, the electric 

to the surface. This Is so because the electric charge on the 
which means that no tangential force acts on It, thus proving tha 
the surface has no tangential component. 

Consider another example of a hollow conductor 
placed In an external electric field. 

Here also, the electric charges deposit on the outer 

Gaussian s 

surfaces and the electric field Inside Is zero as • 
there Is no charge Inside. This phenomenon Is 
called Electro-static Shielding. When a car Is struck 
by lightning, the person sitting Inside Is saved from 
lightning as the car Is hollow and acts ｬｩｫ･ｾ＠
electrostatic shield. 

Electric field Inside In an electric field Is also zero. 
of the 

The line 
surface 

It Is also 
electric 
of the 

the direction of the 

ｾ＠

E 

shaped Gaussian surface on the surface of the conductor as 

surface 

law, A E = 

= A·o 
= AE 

E = Cl 

So 

If G Is 
calculate 

Its proper value at the point should be used to 

If a positive electric charge Is placed In the cavity of the 
conductor as shown In the adjoining figure, It Induces 
charges on the Inner and outer surfaces of the conductor In 
such a way that the field will be zero In the Interior portion of 
the conductor. 

+ 

+ 
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2.11 Capacitors and Capacitance 

When positive electric charge on an Isolated conducting sphere shown In figure 1 Is gradually 
Increased, electric potential on Its surface and electric field In Its vicinity Increase. When the 
electric field becomes strong, It Ionizes the surrounding air which causes charge on the 
sphere to leak and the charge on the sphere cannot be Increased further. ring this 
process, the ratio of charge ( Q ) and the electric potential ( V ) of the he mains 
constant. This ratio, Q IV, Is called Its capacitance ( C ) . 

conducting 
sphere 

non-conducting 
stand 

• 
• 

• • 

.. 
• • • • 
• 

To Increase capacitance c of the sphere, ｡ｮｯｴｾｵｯｮ､ｵ｣ｴｬｮｧ＠ sphere Is brought near 
It on which charge Is Induced as shown In n earthing, the positive charge gets 
neutralized as shown in figure 3. The ｮ･ｧ｡ｴｾ｣ｨ＠ g nduced on the second sphere reduces 
the electric potential of the first sphere the y 1 easing Its charge storage capacity. The 
ratio Q I V of the charge on the first d the potential difference between the two 
spheres Is still constant and Is cal he pacltance C of the system. The value of C 
depends on the dimensions of the he the distance between the two spheres and the 
medium between them. ｾ＠

The arrangement In which d nductors of arbitrary shape and volume, are arranged 
close to one another, but se rat om each other, Is called a capacitor. 

The conductors are ｾ｡＠ plates of the capacitor. Positively charged conductor Is called 
the positive plate a atlvely charged conductor the negative plate. Both the plates 
are equally charged. e harge on the positive plate Is called the charge ( Q ) of the 
capacitor and tli otentlal difference between the two plates as V, capacitance of the 
capacitor Is V .. 

The S.I. Is coulomb 1 volt which Is also called farad ( F ) named after the 

The smaller units of farad are microfarad ( ll F = 10 • 6 F ) and 

type of capacitor Is made by two metallic plates having Identical area and kept parallel 
to each other. The distance ( d ) between the two plates Is kept less as compared to the 
dimensions of the plates to minimize non-uniform electric field due to the Irregular distribution 
of charges near the edges. 

Let Q = electric charge on the capacitor 

CJ = Q I A = surface charge density 

As d Is very small, the plates can be considered as infinitely charged planes and the electric 
field between the plates can therefore be considered uniform. 
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The electric fields, E1 and E2, between the plates due to positively charged and negatively 
charged plates respectively are equal In magnitude and direction. The direction of both E1 
and E2 Is from the positively charged plate to the negatively charged plate. 

The resultant electric field between the plates Is, therefore, 

Cl Cl 
E = E1 + £2 = -- + 

2Eo 2Eo 
= 

Outside the plates, E1 and E2 being oppositely directed cancel 
each other resulting In .zero electric field In this region. 

The potential difference between the two plates Is 

V = Ed = ｾ､＠
Eo A 

2.13 (a) Series Connection of Capacitors 

The end to end connection of capacitors as ｾ＠
In the figure Is called the series connection 

capacitors. ｾ＠

Equal charge Q deposits on each c a , li t the 
p.d. between their plates Is dlfferen ep lng on 
ｴｾ･＠ value of Its capacitance. ｾ＠

C1 C2 n 

= Eo A 

d 

. - . - . -
- -1o 

v . -... : ﾷｾ＠ : ﾷｾ＠ (l;t"·v 
v 1 1 1 - = - + - When all capacitors connected In series are replaced by a 
Q Cn 

single C such that the charge deposited on It Is Q with the same 
voltage a capacitor Is called their equivalent capacitor. 

1 

c = 1 
.... +-

Cn 

of C Is smaller than the smallest of C1, C2, .•.. 

2.13 (b) Parallel Connection of Capacitors 

The connection of capacitors In which positive plates of all 
capacitors are connected to a single point and negative plates 
to another single point In a circuit Is called parallel 
connection of capacitors as shown In the figure. In such a 
connection, charge accumulated on each of the capacitors Is 
different depending on the value of Its capacitance, but the 
p.d. across all Is the same. 

v . -
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Thus, total charge Q = Qt + Q2 + Q3 + 
" ( Ct + C2 + C3 + ) V 

When all capacitors connected in parallel are replaced by a single capacitor of capacitance C 
such that the charge deposited on it is Q with the same voltage supply, then such 
a capacitor is called their equivalent capacitor. Its value is 

2.14 Energy Stored In a Charged Capacitor 

The work done in charging the capacitor gets stored In it In the f 

The electric field on one plate due to charge Q and charge density 

The potential energy of one plate at a distance d from the/9 .jiMe 

U E : ( electric p.d. between them } X ( electriC Charge t'f'tfJond plate } 

2t0 
= ad x Q ( taking reference ｰｯｴ･ｮｴｬ｡ｬｾｯｮｬｬｪｾ･＠ as zero). 

p . Q 
utt1ng CJ = A' ｾ＠

UE = ｾｧ｟Ａ｟ｃｄ＠ = Q
2 

A 2t0 Ｒｾ Ｐ ａｴ､Ｂ＠ c 

...... Q • CV M C :\lJi'' 
a2 1 

UE = = Q 
2C 

If 

r In terms of Ener 

p\tes of the capacitor 
between the plates 

capacitor 

gy stored per unit volume 

____g_ = ! cv2 = ! to A rlC = ! to (:!._)2 
Ad 2 Ad 2 d Ad 2 d 

= ..!_ t £2 ＨＢＺｾ］ｅＩ＠
2 0 d 

= 
tial energy. 

a 
2t0 

The above equation gives energy stored in a capacitor in terms of the energy stored in the 
electric field between the two plates. This is a general result which holds true for an electric 
field due to any charge distribution. 

2.15 Dielectric Substances and their Polarization 

• A non·conductlng material is called a dielectric. 
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• The dielectric does not possess free electrons like a conducting material. 

• Introduction of a dielectric between the two parallel plates of a capacitor considerably 
Increases the capacitance of a capacitor. 

• Dielectric materials are of two types: ( 1 ) Polar and ( 2 ) Non-polar. 

• The atoms of a dielectric ( like HCI, H20 ) that have permanent dipole 
polar dielectric. 

• The atoms of a dielectric ( like H2, Oz ) that do not have 
called a non-polar dielectric. 

a 

The centres of the positive and the negative charges colrr&:lra ｾｮｯｮＭｰｯｬ｡ｲ＠ dielectric atom 
or molecule. So It does not have permanent dipole m"/"Y 

If such :,n atom or molecule Is placed In a uniform ･ｾ＠ E 

field ( E ), the centres of the positive and (Ve electric : f--------l•-1 
charges get separated due to electric fore t g them In + ＱＭＭＭＭｦＭＭＰｾＭ
opposlte directions. This Is known as polariz n e atom. -u-

+ ｦＭＭＭＭｾＭＭＭｬ•ＭＱ＠

+ f--------l•-1 
p , of the Induced dipole Is directly o ion I to E . 

- -p o E , the atomic (or molecular) polarlzablllty. 

A dielectric 
plates of a ca1pa1:itc1r 

Is placed between the parallel 
In the figure. The torque due to 

atomic dipoles aligns them In the 
ｬｾｾＺＺＬｾｦｬ･ｬ､Ｎ＠ In a solid dielectric material, Its 
.. motion, whereas In liquid or gas 

they perform linear motion. The dipoles are 
completely aligned as shown In the figure 

the electric 
direction of 
atoms 

In 
.......... 

potential energy, • p CE , equals the thermal 

due to absolute temperature T. 

• 

be seen in the figure that the atomic dipoles line up such that the opposite polarity 
each other canceling each other's effect. The net charge of the system Is the charge of 

the capacitor plates. The dipole closer to the positive plate has negative charge lined up 
facing It and vice versa. These Induced electrical charges are called bound charges. 

The electric field between the capacitor plates Is 

Et = a f ( 1 ) In the absence of the dielectric medium and Is 
&o 

E -
- a, · ab ( 2 ) In the presence of the dielectric slab, 

8o 
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where a 1 Is the free ( controllable } surface charge density on the surface of the capacitor 

plates and a b Is the bound surface charge density on the surface of the dielectric slab. a b 

is taken negative as the surface charges of the dielectric slab have opposite polarity as 
compared to the charges of the capacitor plates. 

Determining ab ｾ＠

The dipole moment of the dielectric slab having surface area A and length ｌｾＧ＠

Pt = abAL ］ｾ＠ .. ｾ＠ = ab = P, rP 
where P1 /V is the dipole moment of the dielectric slab per unit ｾ｡ｮ､＠ P is called the 
intensity of polarization. , -ii. + 
ｦｾ＠ the elec:ic field is not very strong, the ratio oqjf P ｡ｦＧＣｾｲｩ｣＠ field Is a constant. 

.. x=- \J • £ 
This ratio Xe Is called the electric ｳｵｳ｣･ｾｾｾ＠ the dielectric material and Its value 

depends on the dielectric material and Its ｾｴ＠ . 

P = ab = ;t.,E 

E = a, P 
8o 8o 

E(8o + Xel . 7';:F .. ,., \.0 
Here, 8 0 • k._\ 8 J,s called the permittivity of the medium and Its value depends on the 

t f ｴｨｾ＠ t . I d It !e I Its unit is C
2
N·

1
m·

2
. 

ＧｾＬＬ＠ • ｾｾ＠ ｾ＠ : ｾｭｾｾﾷｎ＠

ｾ＠ ｾＮ＠ N'"" .......... , 8, '"' .. '''' ............. HM""' K 

This shows that when a dielectric material having dielectric constant K is placed as a 
medium between the capacitor plates, the electric field Is reduced by a factor of K and the 
capacitance of the capacitor becomes 

C' = 8 A 
d 

= So K A = K C 
d 

Thus when a dielectric medium having dielectric constant K is introduced In a capacitor, the 
value of its capacitance increases to K times the original capacitance. 
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From equation (2 ), we have So E + P = o1 

Here, E and P are electric and polarization fields respectively which are both vector 
quantities. 

... - ..... ..... 
:. we can write s0 E + P = 0 , where D Is called 

2.16 Van:de§raf Generator 

The principle of this machine Is as under. 

A conducting sphere having charge q and radius r Is 
kept centrally Inside a conducting shell having charge 
Q and radius R ( r < R ). 

The electric potential 
on the surface of the 

kQ kq 
V11 = - +-

R R 

Hence, the potential difference between t 

VR = kQ + kq kQ 

.. 

.. 
.. 

spheres Is 

known as Van-de-Graf generator to 

As a non-conducting belt Is Pulley pulleys. The lower pulley Is 
a motor and the upper one Is Metallic • 
a spherical shell. Positive electric • brush 

transferred to the belt near the lower • 
a discharge tube and a brush with • edges. The electric charge moves to the Non-

pulley and Is deposited on the outer shell • conducting 
a metallic brush. Thus electric potential of belt 

the order of 6 to 8 million volts Is generated on .. 1 the outer shell. .. 
+ Pulley 

The highly Intense electric field produced In this .. 
operated device can accelerate electric charges which can Metallic 

be used to study the composition of matter at brush by motor 

the microscopic level. 


