UNIT 13
ELECTROSTATICS
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After studying this unit, the students will be able to:
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Describe simple experiments to show the production and detection of

elecinc charge.

. Describe expenment to show electrostatic charging by induction.

State that there are positive and negative charges.
Describe the construction and working prnnciple of electroscope.
State and explain Coulomb’s law.

Solve problems on electrostatic charges by using Coulomb’s law.

. Define electric field and electric field intensity.

Sketch the electnc field lines for on isolated +ve and -ve point charges.
Describe the concept of electrostatic potential.

Define the unit “volt”,

Describe potential difference as energy transfer per unit charge.
Descrnbe one situation in which static electncity 1s dangerous and the
preccutions taken to ensure that static electncity is discharged safely.

. Describe that the caopacitor is charge stonng device.

. Define capacitance and its unit,

Denve the formula for the effective capacitance of a number of

capacitors connected in series and in parallel.

. Apply the formula for the effective capacitance of a number of

capccitors connected in seres and in parallel to solve related problems.

Q.1 Define an electric charge. How electric charges can be produced?

Answer

Electric charge:
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Definition:

‘Charge 15 a basic property of c matenal body due to which it attracts or repels

another object.”

1) Friction produces two different types of charges on different

FOor your mformathon

matenals (such as glass and plastic).

2) Like charges always repel each other.

3) Unlike charges always attract each other.

All ot these Jdeyives ot
LB Hia v whi st v in,
4) Repulsion is the sure test of charge on a body. CRaTEY A TR

Production of electric charges:

1) If @ plastic comb is run through the hair and then brought near small pieces of

paper, the comb attracts them as shownin fig. 13.1.

2) Amber, when rubbed with silk, attracts the small pieces of paper.

This property of attraction or repulsion between substances is due to the electnc

charges they acqure durnng rubbing.

tlectric charge can clso be produced by rubbing ¢ nevutral body with another

nevtral body as shown in the activities below.
Activity 1:

Tcke a plastic rod. Rub it with fur and suspend it horizontally by a silk thread as

shown in the fig 13.2.
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Now take another plastic rod and rub it with fur and bnng it near to the

suspended rod. We will observe that both the rods will repel each other,
It means dunng the rubbing both the rods were charged.

Activity 2:

Iake ¢ glass rod and rub it with silk and suspend it

horizontally. When we bring the plastic, rod rubbed with fur TN e Aume
neacr to the suspended gloss rod, we observe that both the o S—
rods attract each other as shown in the fig. 13.3. 8. 13.4: Charged platic ro0

A0 3¢S neutrdl copper rod

Conclusion:

1) In the fist activity, both rods are of plastic and both of them have been

rubbed with fur. Therefore, we assume that charge of both rods would be of the
same Kind.

2) In the second achivity rods are unlike and their attraction imply that charge

on the two rods cre not of the same kind but of opposite nature.

These oppoesite charges are conventionally caolled positive and negative
charge. During the process of rubbing negative charge is transferred from one

object to another object.

Q.2 Define electrostatic induction. Write the method of charging bodies by
electrostatic induction?

Answer

Electrostatic induction:
Definition:

In the presence of c charged body, an insulated conductor develops positive
charge at one enc and negative charge at the other end. This process is callec

the electrostotic induction.

www.topstudyworld.com



www.topstudyworld.com Physics

Activity 1:

Electrostatic induction is cnother method of chorging a body and is descnbed

below,

I) Consider a metallic sphere placed on an insulated stand as shown in the fig.
13.5 (). The sphere 1s neutral as it cames equal number of positive and negative
charges. Now brnng a negatively charged rubber rod near the conducting
sphere. As shown in the fig. 13.5 (b). left part of the sphere that is close to the rod
becomes positively charged while the rnght port thot iIs away from the roc
becomes negatively charged.

Negative charge in the rod repels the negative charge of the sphere and shifts it
to the opposite region of the sphere that is away from the rod. Thus, there is
excess of positive charge in the region of sphere close to the rod while there is
excess of negative charge in the region of the sphere away from the rod. But as
a whole the sphere is still neutral, since no charge has been added or
subtracted.

ii) Now if we remove the rod cway from the sphere, the charge again will
spread uniformly on the whole surface of the sphere.

ﬁ‘

sphere ’
‘; v R Rod
+ -
- ¢ -y
t —
C il s Nad W -
+ Q0+ +00 \
Fig.13.5 ) Iigl‘-"lhl
. » . i.l 1 “' ' o
h“-‘"r"ll"':;:"l:;l':t', o Licctromtane indi Lo
MY HUINIDE SK

www.topstudyworld.com



www.topstudyworld.com Physics

iii) Now earth the sphere through ¢ conducting wire in the

presence of the rod as shown in the figure 13.6 (Q).

The negative charge will flow to the earth and leaves the sphere gy !
with net positive charge. Now if we first break the earth | l
connection and then remove the rod from the sphere it will get

positive charge permanently.,

Method lo charge bodies through electrostatic induction:

I) Bnng two metcol spheres A ocnd B and place them on an

insulating stand as shown in the fig. 13.7 (qQ) Fig 13.6: Charging a newtral
sphere by electrostatic
i) Now bring a positively charged rod near sphere A as shown in induction

fig. 13.7 (b). Rod will cttract negative charge towards it and repel positive
charge away from it, Negative charge will be developed on the left surface of
the sphere A which is close to the rod. While positive charge will be developed

on the right surtace of the sphere B.

iil) Now separate the spheres by a small distance while the rod is still near the

sphere A. The two spheres will be oppositely charged and attract each other as

shown in the fig. 13.7 (C).

iv) Remove the rod. The charges on spheres rearrange themselves shown in the
fig. 13.7(d).

v) Now separate the spheres by a large distance. The charges are uniformly

distrbuted over the surfaces of the spheres as shown in fig.

22 %2
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13.7(e). In this process, an equal and opposite charge will be developed on
each metal sphere. This is charging by induction.

Q.3 Write in detail the construction and uses of electroscope?

Answer
Electroscope: (Construction):
A gold leat electroscope is sensitive instrument for detecting charges.

It consists of a brass rod with a brass disk at the top and two thin leafs of gold foll

hanging at the bottom ¢s shown in fig 13.8.

The rod passes through an insulator that keeps the rod in place

and qalso retains the charges. Charges can move freely from the

disk to the leafs through the rod.

P 138 Unchorgeo
electroncope >

A thin aluminum is attached on the lower portion of the inside of

the jar. Usuclly, the aluminum foll 1s grounded by connecting a copper wire. This
protects the leals from the external electncal disturbaonces.

Working:
1) Detecting the presence of charge:

In order to detect the presence of charge on anybody, bring the body near the
disk of an uncharged electroscope. If the body is neutral there will be no

deflection of the leats as shown in fig. 13.9 (q).

But If the body Is positively or negatively charged. The leafs of the electroscope
diverge.

For example, if the body is negatively charged then due to electrostatic
induchion positive charge will appear on the disk while negative charge will
appear on the leafs as shown in fig. 13.9 (D).

www.topstudyworld.com



www.topstudyworld.com Physics

The leafs of electroscope repel each other and diverge because each leaf gets
similar charge. The divergence of lecfs will depend on the amount of charge.

2) Detecting the type of charge:

For the detection of type of charge. electroscope is first charged either
positively or negatively. Suppose the electroscope is positively charged as
explcined before.

Now in order tc detect the type of charge on a body, bring

the charged body near the disk of the positively charged o——
electroscope. L -
e ::um
If the divergence of the leafs increases, the body cames E
Fg 131! |a) Detectin
positive charge as shown in the figure 13.11 (Q). Mwmwm:

On the other hand, If the divergence decreases, the body

has negative charge as shown in the figure 13.11 (b).

~=‘.'.'

3) Identifying conductors and insulators:

h . "! $311(b) Detecrrng
tlectroscope can glso be vsed to distinguish between megatve Charge « B,

insvlators and conductors. Touch the disk of a charged
electroscope with maternal under test. If the leafs collapse from therr diverged

position the body would be a good conductor.

If there is no chcenge in the divergence of the leaves, it will show that the body
under test is an insuvlator.
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Q.4 How an electroscope be charged by electrostatic
induction and conduction as well? L3

Answer -’

Charging the electroscope by electrostatic induction: i g

Electroscope can be charged by the process of

V21008 Charg.np the
electrostatic induction. In order to produce positive charge L ONCOne Ponively
of the electroscope, bring a negatively charged body near
the disk of the electroscope as shown in the figure 13.10 (qQ). -

Positive charge will agppear on the disk of the electroscope o=
while negative charge will shift to the lealfs. S :::
| T
Now connec! the disk of electroscope to the earthed .
aluminum foil by a conducting w ire as shown in the fig. Fig- 33.1018): Charg,ng 1
eleciroope poulvely
13.10 (b). Charge of the leafs will flow to the earth 'through oon
v
the wire, “.
Now if we first break the earth connection and then remove A
the rod the electroscope will be lett with positive charge. - 3
|J‘
Similarly, electroscope can be charged negatively with the Fig 13.10(c) Charging the

1t electr vely
help of a positively charged rod. 0MOpe PO

Charging of electroscope by conduction:

Electroscope can also be charged by the process of conduction. Touch @
negatively charged rod with the disk of a neutral electroscope. Negative
charge from the rod will transfer to the electroscope and will cause its leafs to

diverge:

Q.5 State coulomb’s law. Derive the expression of electrostatic force?

Answer
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Coulomb’'s law: (statement):

The force of attraction or repulsion between two-point charges i1s directly
proportional to the product of the quantity of charges and inversely

proportional to the square of the distance between them.
Explanation:

A French scientist Charles Covlomb in 1785 expenmentally established this
fundamental law of electric force between two stationary charged particles.

- F/ q)
—F
e
g 13.12 (3); Artraction Fig. 13.12 {b) Repuision
Detween Opposite charges vetween simnar charges

Suppose two charges Qi and q: are separcted at a distance r. The elecinc force
between these two charges is given cCs:

K- 7 P— (1)

And Fotem,..oos (2)

Or F=kdiz
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The cbove equation is known as "Coulomb’s law”,

where F' is the force between the two charges and is called the coulomb force,
Qi and Q2 are the quantities of two charges separated by a- distance . k' is the
constant of proportion given by,

g )

|
k==rxk
4

The value of 'k' depends upon the medium between the charges and the

system of units in which F, @ and r are measured, €' is the permittivity of free
space.

Now if the medium between the two charges is arr then the value of 'k’ in Sl units
willbe 2 x 10 Nm=< C=,

Q.6 What is meant by electric field and electric intensity?

Answer
Electric field:

"The electnc field is @ region around ¢ charge in For your information

In SI, the unit 0f charge is
coulomb (C). It is equal to
According to coulomb’s low it a unit positive charge the charge of 6.25 - 101*
electrons. This is very big
untt. Jsually charge 1s
charge ‘go’ will experience a force. The value of this measured in micro

coulomb. One micro
coulomb is equai to 10°C.

which it exerts electrostatic force on cnother charge.”

'‘Qo’ IS brought near ¢ charge q placed Is space, the

force would depend upon the distance between the

two charges.

It the charge 'qo’ 1s moved away from 'q’ this force would decreagse till at ¢
certain distance the torce would practically reduce to zero. Now the charge 'q’

Is out of the influence of charge q'.

Electric field intensity:
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‘The strength of electric field ot any point in space is known as electnc field

intensity.”

In order to find the value of electnc intensity at a point in the field, the charge
+qQ'. we place ¢ test charge "qo' at that point as shown in the fig 13.13.

If Fis the force acting on the test charge ‘go’, the

electric field intensity would be given by:

I"
E: T essssssssEe (l) /
9o q"

Thus, the electric field intensity at any point is defined as,

the force acting on a unit positive charge placed at that g 4
point. L )

"lf 1'3:3'3 ANalKe 5 ™y 1o

, o . ’
Sl units of electric intensity is NC-'. M adistance £ iron: cazRe 4

If the electric field due to ¢ given arangement of charges is known gt some
point, the force on any particle with charge Q' placed ot that point can be

calculated by using the formula:
F=gE....::: (2)
1) Elecinic intensity being a force is a vector quantity.

2) Its direction is the same as that of the torce acting on the positive test charge.

Q.7 What are electric field lines? How field lines are related to the electric field
intensity?

Answer

Electric field lines:

"The direction of electrc field intensity in cn electnc field can also be

represented by drawing lines. These lines are known as electric lines of force.”
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These lines were infroduced by Michael faraday.

The field lines are imaginary lines around a field charge with an arrow head

indicating the direction of force.

Field lines always move away from positive charge but toward negative charge.

The spacing between the field lines shows the strength of electnc field as shown

tlectric héld Iim"s | o

imagmary
PO live
test charge

l MNrong " g
b freld

N fig. 13.14.
Relation between field lines and electric field intensity:

Field lines are related to the electric field intensity in any region of space in the

following way.

LS L S —

Lo hed saes tor a0 by
, PO o N gy

R BT powt Darge
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1) The electric held intensity is tangent to the elecinc field lines ot each point as

shown in fig. 13.15 (Q).

2) The number of lines per unit area through a surface perpendicular to the lines

s proportional to the electnc field strength in a given region as shown in fig.

13.15 (D).

@ @

(.27 "o'd Pnes Tor two
O At A egud DO Chy ' P

® ©

Flectng hetd hines Jor two
POMUVE DONT Charpes

@ ©

flectr held lnes for two
negative pownt Charges

3) Electric field is strong when the field lines are close together and weak when

the lines are far apart.

4) No two lines cross eacch.

5) Electnc field lines for an isolated positive and negative point charges are

shown Iin the figure cbove.

Q.8 Define potential difference between two points?
Show that potential difference can be described as
energy transfer per unit charge between the two

points?

Answer
Electrostatic Potential:

"Electnc potential at a point in an electric field is
equal to the amount of work done in brnnging ¢ unit

positive charge from infinity to that point”.

Do you know?
The volt is named after the
Italian physicist Alessandro
Volta (1745-1827), who
developed the first practical
electric battery, known as a
voltaic pile. Because potential
differcnce is measured in units
of volts, it is sometimes
referred to as voltage.

If "W’ is the work done in moving the unit positive charge from infinity to @ certain

point in the field, the electnc potential V at this point would be given by:
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It implies that electric potenticl is measured relctive to some reference point
and like potenticl energy we can measure only the change in potential

between two points.
rhehe” potentg! Lower peanirgl

a.‘r v: Ve e v i - . swel :
B |
Tt . 14T

R
' L o= - ',. - — ’
: | |
_ N e

|
B 13 16 Potential difference between two pomts

1) Electric potential is g scalar quantity.
2) Its Sl unit is volt which is equal to JC-'.

Volt:

If one Joule of work i1s done cgainst the electnc field in bringing one coulomb
positive charge from infinity to a point in the electric field then the postntual at
that point will be one volt, or

If the potential energy of one coulomb of charge at a point in the electric field

Is one Joule, the potential of that point will be one volt.

Electric potential difference:

A body in gravitational field always tends to move from a point of higher
potential energy to ¢ point of lower potential energy. Similarly, when o charge is
released in an electnc fielg, it moves from a point of higher potential say ‘A’ to ¢
point of lower potential say 'B’. as shown in the fig 13.16.

If the potential of A is 'Vo' and that of point B is Vi, the potential energy of the
charge at these points will be gVe and qVn respectively.
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The change in potential energy of the charge when it moves from point A to B

will be equal to qVs - QVe. This energy is vtiized in some vuseful work. Thus:
Energy supplied by the charge = g (Vg - V)

If ‘'q'is equal to one unit, then the potential difference between two points
becomes equal to the energy, supplied by the charge. Thus, we define

potential difference between two points os:

The energy supplied by a unit charge as it moves from one point to the other in

the direction of the field.”

If a positive charge is fransferred from a point of lower potential to a point of
higher potential i1.e. against the field direction, energy would have to be

supplied to it.

when we release a negative charge in an elecinc field, its behavior will be
opposite to that of posiive charge. Amore useful unit for the elecincal energy is

electron volt (ev).

Q.9 Describe capacitor as an energy storing device. What do you mean by
capacitance of a capacitor? Define units of capacitance?

Answer
Capacitor: " Physics Insight
: i : Conducror CONOUCIor
A device consisting of two metal plates used for storing . ,
- ® .
- . v . ¢ "
charge is called a capacitor, or parallel plate capacitor. R S -
prate . i ' “Negalive
Explanation: LAate
e @l
A capacitor consists of two thin metal plates, paorallel to Parallcl phne capaciton consisis
) of wvo mcial plates ~separated
each other separcted by a very small distance as shown with an msulator The presence

in the figure 1307 ol Charge Q on plae. .\ lmhu.s':s J
) x’ll;llyc on the mnner surhagy

ol plate 3
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The medium between the two plates 1s air or a sheet of some insulator. This

medium is known as "dielectric.”

If + Q amount of charge is given to plate A of a porallel plate capacitor, due to
electrostatic induction, it would induce — Q charge on the inner surface of the

plate B and +Q on its ocuter surface. The lines of force between the plates 13.17

b).
E I
B

B

Q
o

{
v

Fig 13.17 [a): Paralied plate capacitor Fig 13 17 (b) Plates of capacitor
connected with battery

There exists a force of attraction between the charge

Energy Stored in a
Capacitor
Capacitor stores energy in
an electric field between
two plates in the lorm of
electrostatic potential
energy.

+ Q stored on the plate A and the charge - Q induced

on the inner surface of plate B. Due to this force of

attrachtion, the charges are bound within the plates

and remain stored for long penods.

Due to presence of charges on the plates, a potenticl

difference V' is developed across them which is

directly proportional to the charge '‘Q’ deposited on

the plate A.
e, Q=V
or. O=CV
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Capacitance of a capacitor:

In the expression Q = CV, 'C" s the constant of

| | | | Physics insight
proportionality called the copacitance of the capacitor A voltage across a devise,

and is defined as. "the ability of the capacitor to store such as capacitor, has the
same meaning as the

potential difference across

charge.”

the device. For instance, if
we suppose that the
Q5. voltage across a capacitor
1Is 12V, it also means that
C= Q the potential difference
V between its platesis 12 V.

It is given by the rctio of charge and the electric potential

The unit of capacitance is "Farad”.

Farad:

If one coulomb of charge given to the plates of o capacitor produces o
potential difference of one volt between the plates of the capacitor then its

capacitance would be one Farad.

It's a large unit usually we use smaller units i1.e. yF and PF.

Q.10 Derive a formula for the effective capacitance for a parallel combination
of a number of capacitors?

Answer

Capacitors in parallel: 553

In this method the left plate of each capacitor is connected to the

positive terminal of the battery by ¢ conducting wire. In the same

way the right plate of each copacitor is connected to the (.;_.4‘:. =
" _ .
negative terminal of the battery as shown in the fig. 13.18. v
P 1508 Capancitons an
This type of combinction has the following charactenstics. parallel combinativw.
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1) Eoch capacitor connected to a battery of voltage V has the same potential

difference V across it. 1.e.

V= V[=V2=V3

2) The charge developed across the plates of each capacitor will be different

due to different value of capacitances.

3) The totcl charge 'Q’ supplied by the battery is divided among the varous

capocitors. Hence:

Q=Q1-Q2:Qx
Or Q= C I V+CaV+(CsV
Or Q=V(C+C2+C3)
Or -,Q-=C1+C?+C3

4) Thus, we can replcce the parallel combination of capacitors with one

equivalent capacitor having capacitance such thot,

C¢Q=C|+C2+C3

In the case of 'n’ capacitors connected in parallel, the equivalent capacitance

IS given by:;
Cm,‘; =C)+(Cr + C3+ + Coe _<Cn

5) The equivalent capacitance of a pcrallel
combination of capacitors is grecter than any of the

individugl capacitances

Q.11 Derive a formula for the effective capacitance for
a series combination of a number of capacitors?

Answer

www.topstudyworld.com

For your information

Three factors affect the

ability of a capacitor to
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1. Size of capacitor plates.
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Capacitors in series:

In this method the ccpacitors are connected side by side i.e. the nght plate of
one capacitor is connected to the left plate of the next capacitor ags shown in
the figure 13.20.

This type of combination has the following C; C, ¢y
chaoractenstics. ;—"-'Fﬂ-—'il_l—ﬂ—'-"l‘lﬂ—
1) Each capacitor has same charge ccross it. If the !

| e eed - o] Vv I
bottery supplies + Q charge to the left plcte of the < .
capacitor C,. Due to induction — Q charge is induced F1g. 13.20. capacitors in

= series Combination.,
onits right plate and + Q charge on the left plate of the

capacitor C; 1.e.

Q=Q:=Q3=Q I
2) The potential difference across each capacitor is
.)___.{ vI-
K

different due to different values of capacitances. _
Fig. 13.21

3) The voltage of the battery has been divided among

the varnious capacitors. Hence:

VS VG H

_Q. .0 0

= = = —=

C, G G

:Q-L+L+L]

N l

= ——t —

0 € C G

Or

4) Thus we can replace series combination of capacitors with one equivalent
capacitor having capacitance Cegle...
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5) In the case of n capacitors connected in senes, we have:

Q.12 Discuss different types of capacitors?

Answer
Types of capacitors:
1) Parallel plate capacitors:

Parallel plate capacitors are not commonly used in most devices because In
order to store enough charge their size must be large which is not desrcble.

A parallel plete capacitor has g dielectnc between its plates and is made of @
flexible matenal that can be rolled into the shape of cylinder. In this way we can

INncrease the area of each plate while the capacitor can fit into a small space.

Some other types of capacitors use chemical reactions to store charge, like tiny
battenes.

2) Paper capacitor:

LM 100
Paper capacitor is an example of fixed capacitor as ‘
shown In the fig. 13.22. -
s
The paper capacitor has a cylindrncol shape. Usually an 5‘, . ’ ;
oiled or grecsed paper or a thin plastic sheet is used as @ 2 o

dielectnc between two aluminum foils. The paper or

", N

Fig. 13.22: Paper capacitor
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plastic sheet is firmly rolled in the form of o cylinder ond is then enclosed info ¢

plastic case.
3)Mica capacitor:

In these capacitors, mica is used as dielectric between the two metal
plates. For convenience and safety purposes, it is enclosed in @
plastic case or in g case of some insulator. Wires attached to plotes

project out of the case for making connections cs shown in fig. 13.23.

If the capacitance is to be increased, large number of plates is piled

(=)

alternctive plates are connected with each other.

4) Variable capacitors:

In varnable type of capacitors some amangement i1s maode to change the area

of the plctes facing each other as shown in the figure
13.24.

It is generally a combination of many capacitors with air
as dielectnc. It consists of two sets of plates. One set

remains fixed while the other set can rotote so the

distance between the plates does not checnge and they
do not touch each other. The common crea of the Fig. 13.24: Variable capacitor
plates of the two sets which faces each other, determines the value of

capacitance. Thus, the capacitance of the capacitor can be increased or

decreased by tuming the rotatable plates in or out of the space between the

static plates. Such capacitors are usucally used for tuning in radio sefts.

5) Electrolytic capacitor:
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An electrolytic capacitor is often used to store large amounts of charge at
relatively 16W voltages as shown in the fig. 13.25.

It consists of a metal foil in contact with an electrolyte o — LT

solution that conducts charge by virtue of the motion of the . i

ions contained in it. When a voltage i1s applied between the \\..

foil and the electrolyte, a thin loyer of metal oxide (an o et

insvlator) is formed on the foil, and this layer serves as the vk Foll = wamie 1oy e

. . . . clectrolyin capari.
dielectnc. Enormous capacitances can be attcined because e

the dielectnc layer is very thin.

Q.13 Briefly write the uses of capacitors?

Answer
Uses of capacitors:

Capacitors have wide range of cpplications in different electrical and

electronic circuits. For example:

1) They are used for tuning transmitters, receivers and transistor radios. They cre
also used for table fans, ceiling fans. exhaust fons, fon motors in air conditioners,
coolers, motors, washing machines and many other appliances for their smooth

working.
2) Copacitors are also used in electronic circuits of computers efc..

3) Copacitors can be used to differenticte between high frequency ond low
freqguency signals which make them useful in electronic circuits, For example,
capacitors are used in resonant circuits that tune radios to particular
frequencies. Such circuits are called filter circuits.

4) Cercmic capacitors are generally superior to other types and theretfore can
be used in vast ranges of applications.
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Q.14 Discuss the applications of electrostatics?

Answer

Applications of electrostatics:

Speay bamad

|) Electrostatic air cleaner:

FLULLLLE AN O VL AL R

An electrostatic arr cleagner vsed In
homes to relieve the discomfort of
allergy sutterers. Air mixed with dust
and pollen enters the device across

a positively charged mesh screen.

The ar borne particles become
positively charged when they magke contact with the screen. Then they pass

through a second negctively charged mesh screen,

The electrostatic force of attraction between the positively charged particles in
the air and the negatively charged screen causes the particles to precipitate
out on the surface of the screen. Through this process we can removes a very

high percentage of contamincnts from the air stream.
2) Spray painting:

Avtomobile manufacturers use static electncity to paint new cars.

The body of car is charged and then the paint

. . . - x)uﬁ"*g M DOdy Ol e OO
IS given the opposite charge by charging the gets chagrd As Ve ae(0pIA-

Langs, 1hes CRArge s tramterred 1o
wtd and the (herge 0Of
Warking »n vhiimunasted wni'e

Due to mutucal repulsion, charge partficles oet (ol hiled i 1

nozzle of the sprayer as shown in the figure.

coming out of the nozzle form a fine mist and
are evenly distnbuted on the surface of the |
object. ground
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The charged paint particles are attracted to the car and stick to the body, just
ike a charged balloon sticks to ¢ wall. Once the paint dries, it sticks much better
to the car and is smoother because it is uniformly distributed. This is G very

effective, efficient and economical way of painting automobiles on large scale.

Q.15 What are hazards of static electricity?

Answer
Some hazards of static electricity
I) Lightening:

The phencmenon of lightening occurs due to a large quantity of elecinc charge
which builds up in the heavy thunder clouds. The thunder clouds are charged
by friction between the water molecules in the thunder-clouds and the air
molecules. When the charge on the thunder clouds is sufficiently high it can

produce positive and negative

charges in the arr.

Physics of Field Lines

The huge amount of negative charge is discharged to

the highest object on the ground and can harm them, -‘Q

This explains why it is very dangerous to swim in the cpen
seq, play in an cpen field or hide under @ tree dunng G

YOome 2mmals nrodule Mlecine

thunderstorm L34 TO OeTe(t Nedrby obyects

That slfectihe Yiglo
To prevent ightening from damaging tall builldings, ightening conductors are
used. The purpose of the lightening conductor is to provide a steady discharge
pcth for the large amount of negative charge in the arr to flow from the top of
the buillding to the earth.

In this way, the chances of lightening damage due to minimized.
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2) Fires or explosions:

Static elecincity 1s @ magjor couse of tires and explosions at many places. A fire or

an explosion Mgy occur due to excessive bulld-up of Dangers of Static Electricity
electric charges produced by friction. Static electncity can
be generated by the friction of the gasoline being
pumped into ¢ vehicle or container, It can clso be

produced when we get out of the car or remove on article

of clothing. Static charges are dangerous. If static charges
are allowed to discharge through the arecs where there is

petrol vapor a fire can occur. The results are frightening Static electricity can spark a fie
or explosions. Care must be
taken o avord sparks when
nutting fuel in cars or awrcraft -

Spark may be produced due to

and may be devastating.

Portable oil containers can build up ¢ static elecinc

charge dunng transport, Consequently, when the friction between the fuel andthe
container is not placed on the ground for filling, its static pipe. This Can cause a serrow .

cvxplosion. The spark can Lo
electncity could be discharged and result in a fire when woided If the pipe nozzie i
filling begins. Containers should be placed on the ground 1ade 10 conduct by connect:ng

an eanthing  strap to it. The
Arthing strap connects the pipe

the container, Containers should not to be filled while 1O the ground

during hlling and the nozzle should be kept in contact with

iNside g vehicle.
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