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2 Unit-11

ELECTROSTATICS

Learning Objectives

After studymg this chapter the students will be able to

oo

.

State Coulomb’s law and explain that force betwecn two pomt charges is reduced in a medium other
than free space using Coulomb’s law. ' ‘

Derive the expression £ = 1/4 7o qirt for the magmtude of the electric field at a distance.‘r
charge ‘g’. ' | '

Describe the éoncept of an electric field as an examp]e of a field of forée.

Define electric field strength force per unit positive charge.

Solve problems and analyze information using E = F/g.

r’ froma point

Solve problems involving the use of the expression E'= 1/4 e qlr*.

Calculate the magnitude and direction of the electric ﬁcld at a point due two charges with the same or

opposite signs. .
Sketch the electric field lines for two pomt cha:ges of chal magmtude with same or opposite signs.

Describe the concept of electric dipole
Define and explain eléctric flux.
Describe electric flux through a surface enclosing a che. ze:

State and explain Gauss’s law.
Descrlbe and draw the elecmc field due to an infinite size conducting platc of posmve or negative

4

charge. .

~ Sketch thq elecmc field produced by a hollow sphencal charged conductor.

Sketch the electnc field between and near the edges of two infinite sizes opposxtely charged parallel

plates. : :
Define electric potentxal at'a point in terms of the work dene in brmgmg unit positive charge of

potential.
Solve problems by using the exprcssion V=Wlq. .
Describe that the electric field at a point is given by the negative of potential gradient at that point.
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ptroguction

Two fundamental processes of electrostatics are introduced:
kamb’sl law for force between stationary charges and the principle of
superposition for electric field configurations. The electric ficld at a point in

ce is defined and used, with Coulomb's law, to derive an expression for
the electric field at a distance from a point charge. The concept of work done
by an electric field on a charged particle is introduced. For practical
ses, the concept of electric field is translated into concepts of clectric
potential and electrical potential energy.

The principle of superposition explains the fact that a near-uniform
electric field can be produced by two charged parallel conducting plates. The
absence of an electric field in hollow conductors is discussed. The presence
of strong electric fields in the vicinity of sharp points on charged conductors
is identified and applied to corona discharges in relation to photocopiers and
laser printers.

' An.oth?r guamity being discussed that plays an important role in
electrical circuits is capacitance and its dependence on the diclectrics.

IElectrostatics:

The branch of physics which deals with the study of charges at rest
under the influence of electric forces is called electrostatics. :

Electric Force:

A van de Graaff generator is

80
W

electrostatic generator which
moving belt to accumuiate very
amounts of electrical potential a
hollow metal globe on the top of the
stand. A Van_de Graaff generator
operates by transferring electric charge
from a moving belt'to a terminal. First
invented in 1828, the Van de Graafl
generator became a source of high
voltage ) for Daccelerating  subatomic
pamclebhighspeeds,mhngna
useful_tool for fundamental physics
research.

g

3

The force which holds the negative and positive charges that make
up atoms or molecules is called electric force.

Basic law of electrostatics(Law of electrostatics)

Like charges repel and unlike charges attract cach other.

Properties of Charge:

Charge is the intrinsic property of fundgmental pasticles. There are
two kinds of charges, namely positive and negative/harges. The charge on
electron is assumed to be negative and the clififge on pgeton is positive.

Electrons have a negative charge and protons have positive charge.

The atom is electrically nedtral. In Shunits, charge is measured in
coulombs (symbol C). The charge catried by an elementary particle (electron
or proton) is written as ¢, and its magnitude is

le=1.6%107"C

The importanticharaéteristic of the charge is that charge is quantized.
Quantization of charge means that is exists in discrete packets. Charge q is
an integral multiple of minimum charge on elementary particle.

q =ne

For Your Information

When you charge up your body by
touching the Van der Graal genarator
your hair stands on end. The hair
stands because all hair gains tha same
glectric charye and repel each other,
The force of repuision is so great that it
exceeds the weght of each hair strand.
Your arms do not Wt away from your
body though - even they have the
same charge as your body. This is

Point Charges(Localized Charges):

because they are t0o heavy!

These are such charges whose size is very small as compared to distance between them.

Test Charge:

It is very small positive charge whose electric field is negligibly weak.

(% CamScanner
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" Q.1 State and Explain’ —— - B

’ r = ‘ v : | ' Unit 11 lEloctroataﬁc.l' Sch
Coulomb’s | aw:] : ~——

The quantitative meas ' X '
1805). He cairied Out hecios c)urement of the force between two clectric charges was first made by Coulomb (173¢ _

torsion balance, fexper iments to measure the force between electric charges using an apparatus known s

Statement: - . : /.)\ ] she
: 1t state "The magnitude of the force , . . °/ Far |-
- Proportional 1o the prequn, - th'ee morce.tll);twccnftwo point charges is du'ect:y ( E5 N & e Cc
i ! agni i s
. Proportional to the square of the distance begtnw eenet!;: c:)n "the charges and inversely g
The .magnitude of the f g | " a ‘
e oo - lorce F . d : .
separated by distance r cap be expressed %_f)etween fwo electric. charges qi and G: Fa @ q,
Fe. x : . A . 7 ot
‘i‘qz e (A) KN ‘ , “Fa il is
i - e (B) . °/F: ' 2
Combining’ Eq (A) & Eq(B) | : B 5
= ' o . lomb force between (a) simllar
F < ﬂ#‘h , = . ’ f.?:rgfl, and (b) opposRite charges. p

&5 p:kﬂﬁh_ 4 .....(.11.2).

Where k is a constant of proportionality, it is called electrostatic constant. Its value depends upon:

Point Charge - je

i. - Units of the system useq
1. The medium between the charges. A point particle ‘with non-zero
- charge is called point charge.

Coulomb’s law is valid for point chayges.
Note: A particle 'with no

For free space. -
k= ! ' = dimensions is called point particle.
4me, :

Where €, is known as permittivity of free space and its value is 8.85 x 10" CZN"m".
. ° l . -
k=— -
4%3.14x8.85%x10
-2
. k=9x10'Nm'C ‘
So, the electric force between the charges,

1 9,9,
F= —
47, [ r’ J

m.of Coulombls Law

In order to show the direction of the force we use unit veetor along the line joining the two cﬁarges.

In fig. 11.1 (a) 11z is unit vector, pointing from the charge 4 towards the charge q; which show the force or. hargé qa due
to charge qi i.e., : ' : Ik

Fa sk 27, e (11.3)

Vect:

For like charges the’ prbduét Q192 will be positive and a force of repulsi b ~
. . © po pulsion between th ' i .
Similarly for unlike charges the product 9192 will be negative and a force of attraction betweeims:ht:;: :Sgrgﬁzr\;;l xl{lz;e

Fi2. Similarly unit vector ¢ , pointing fr s
charge q, is given by E p iing from the Ch#ge % towards the charge. qy which show the force on charge q; due 0

- = ' ' :
Fu=k3f, e (1L3)b
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So from Eq: 11.3(a) and 11.3(b) we can write

= -
Fa=-Fn . (11.4)

R .

Where F is the force exerted b Fu it a

y the charge q, on q; and F; is the force exerted by the char
. . geq;onq;. Eqild

shows that the two forces are same in magnitude but opposite in direction which is illustrated in fig 1 l.l(l:l)2 e

It follows Newton’s 3™ law of motion. | | |
Coulomb'sitawiin'Material Media:

4re, 1’

bsen’émztgt;\vis t::e force between two charges when there is air or vacuum between them. But it is experimentally
) at when an insulator i.e. dielectric is.placed between the clectric charges, it reduces the force. Permittivity

is the property of a medium which affects the magnitude of force between two point charges. The coulomb's force
can now be written as : ~ . : -

Frea =7~ C e (115)

' -'I:hc quanl.ity € i_s called the permittivity of the medium. The permittivity of a material medium compared with the
permittivity of vacuum is called relative permittivity or diclectric constant ¢, for particular insulator. Its ratio is given by
€ !
G5 . e (116)
Obviously the €, is dimensionless constant and its value is always gi'eatcr than unity for various dielectrics.

The force in a medium of relative permittivity &, is given by

1 A
S
> Fm = s 112
« s,[4n_s° r? ':lr
Fuae -
e chd=—éf‘ -' s (18)

= Fvac = €rFmed ‘
= F vac > chd

The values of 'rcl‘ative pcrmittivity for various dielectrics are given in Table 11.1.
Table: The relative permittivi

Vacuum - |1

Air ' | 1.0006 | Mica

Benzene 2.284 Paraffine paper 2
Germinium | 16 Rubber -12.94
Water 78.5 Ammonia(liquid) | 22-25

et b A RPAATIP N S s 3 P AN T 3
P e e s ¥
>Q's From Past

1. Relative permittivity for air Is:
(A) 1.06 : _ (B) 1.605 - (C)1.0006 (D) 1.6 .
2. The Elactrostatic force between two charges Is 42 N. If we place a dielactric of ¢, = 2.1 between, the chargss, then the
force become equal to: " . ‘ . ‘ !
(A) 42N (8)83.2N (C)20 N (D) 2N

\
\

(%3 CamScanner
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B
P’)’fnt:::e of dielectric always: N
as . .
4 (C) Does not affec, S ostatic force (B) Reducos tho cleclroniab e
k) f the medium b ct the electrostalic force (D) Doubles the e!ectrqs
5 Sr_A) Increase etweon the charges Is not free space then oysclrosu:lc !or:;c will: (D) None of these
: he for (B) Decrease (C) Remain 53 of relative permitt
the forcceebbomeon two point charges separated by air is 4 N. When separated by @ medium ‘ vity
1 etwoen them becomes: .
(A) =N (D)8N
6 2 (B)2N (C)4N
. The S! unita of ¢ : 22
, (A) NmiQ? oulomb's constant aro T (0) Nm“C
y The val (B) Nm?c? (C) Nm |ways :
(A) Lesgu::,::’ re'.’"‘"" permittivity for all the dielectrics other than alr or vaf;uum is alway (D) zero
8. If Fy and F ARMly (B) Greater than unity (C) Equal to umllycctrlc fiold, then
(A)F, = F 1are forces acting on a-particle and electron mupecuvcly man ¢ D) Fy = 4F3
9, The Consig . (B) F1> F2 (C)Fy < F2
(A) Nature o'f’m°'d9'°Poonnallty “K" depend upon: f units .
edium between two charges (B) The system of uni es and system 0 units
10. %_i)ef‘iz;l;.nc of charge bodies N (D) Nature of medium between two charg | _
{A) B x 1ucfo°' (§°E’J°mb's constant (K) in S| un[t{. in o N-tm?C? ) 9' 10° Nm?C2
The for t:qm - (B) 9 x 10°NC’m* (C)9x 10 Nh_ls_
(A) -Z ) ce between two similar unit charges placed one meter apart '": ' (D) 9 x 10-°N
12. The :1"0 { (B) One Newton (€)9x10 - ‘
alue of co permittivity for free space is: ‘ -2 -12m2y-102
{3 Srf\) 8.85 x 10-"2C2N-"m=? (®) 8.85px 10-2NmC-? (C) 8.85% 10_12ch'; (D) 8.85 x 10" “m°N~'C
’ (/:‘)02°;“Cl1rgszt‘;iﬁc force of repulsion between two electrons at a d;atn;locggs is (D) 2.3 x 10-®N
S x 107N (B)2.3x 10°*°N (C)2.3x 4 i e
14. 2’:\)1(; cl;mgns 1 uc and § uc separated by 20 cm, the ratio of elc;:tri::al forces acting on tht.zgl) v5~r|.II1be.
: : (©) 1 '
15. St unit of it e
permittivity of fre r = 2p-1_.-2
i (A) Nm?C-2 ty of free a&;cs_errszc_1 (©) cN-Tm" (D) C*N-'m
l 16. Sl unit of relative permivity is )
é (A) WC; (B)KC'%" (€) Nm-2C-' (D) None of these
17. Value of ¢ for air is;
(A) 1.6 (B) 1.86 (C) 1.986 (D) 1.0006
18. If the distance between the two charged bodies is halved, the force between them becomes:" ,
(A) Double (B) Half (C) Four time (D) One fourth
19. If both the magnitude of charge and distance between them is doubled, then coubled, then coulomb's force will be:.
. *  (A) Doubled ' (B) Half (C) Remains same (D) One fourth
20. Presence of dielectric between two charges always:
(A) Reduces the electric force (B) Enhance the electric fprce
. (C) Does not effect electricforce . (D) Doubles the electric force
21. The direction of field lines around an Izolated charge "q"is
(A) Radically inward (B) Radically outward (C) Elliptical (D) Circular
2. Closeness of the electric field lines In the measure of . . :
(A) direction of field - (B) strength of field ", (C) potential difference (D) uniformity of field
23. ‘Force between M&_i_ymuar unit chargeg placad one meter apart In air is:
(A) One newion (B)9x10°N (C)9x 19°N (D) Zero Newton
v . -
TC .J]2¢ (38 |4B [5B |6c |7B |8.B [9.B [10.A |11.C |12.A
13.C 14.C I15.D I16.D i7.D 18.C 19.C 20.A [21.A 22.B 23.B ‘J
R

a2 Wha.t is meant by electric field of force? Define and explain electric intensity field?

I

ElectricFieldandlitsiIntensity
Origin of electric force

"

Like gravitational field, the origin of electric force is <till unknown, so they are called as “forces of nature

“the tr. issi ; i ; i o
'énsmlssxon of electric force is described by Michael Faradav by using the concept of electric field.

)

o

—

-~ 1

| = }

» whi% j

P
¢

€

fi
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The concept of field theory was introduced by Michael Faraday. He stated that the charge q produces an e.!cctﬁc
field in the space surrounding it and when a charge q, is brought in its field then it exerts a force F on it. The electric ficld

around a charge is like a sphere with in which other charges are influenced by it. The existence of electric field can be
proved by bringing a test q, into its field.

Electric Field _ A : .
" The space or region around the charge in which it exerts electric force on other charges is called electric fleld

Electric field strength or electric field interisity at any point is defined as ine force experienced per unit
charge q, placed at that point, '

If F is the force experienced by positive test change qo at point P, Then electric intensity ai P is given by
_. .

E=F
: | Go
Direction of electric intensity

.. &
Electric intensity is a vector quantity. The direction of electric intensity is same as that of electric fozce.

Unit
- Its STunit is NC" or V'™, ‘ |
Electric intensity due to a point charge

According to Coulomb’s law the force experienced by test charge q, placed in the field of a charge q is given by

Pk () B *
s ey » SNt
As » E=— - f . \ 7 ES _* T
. 4, 7 WU T . " S
Putting value of F, we get N > — — Pl *
v
: 9
0 N
SO ’ E= - . 4 l > .
do . ) / l \
Or . " m
q : Electric fleld intensity due to a polint
E= k[5] 4 charge. :
i
1. . g
E= 2 1%
© dre, 7]

- In vector form,
1 q s
=]t
4re, [r2]

=

Where T is the unit vector directed from q to qo.-

Q.4 What are electric lines of forces? Sketch field lines i,;,
different cases. Also write down characteristics of
electric field lines.

resentation'of.ElectriciEielditines
The electric field in the vicinity of a charge body can be

represented by imaginary lines called electric lines of force.

The electric lines of force are the path followed by a unit

positive test charge in the field of source charge. These lines are | (@ Posilive Charge

called electric field lines. These electric field lines. give properties of
electric field due to charges. ; ‘

p '
(b) Negative Charge |
-Eloctric lines of force around a charge

' b f

CamScanner
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Elégtric field patterns ' ( . ‘
at equal distances from field charge 4 at.‘

A In order to draw ] - ‘
different places. the electric ficld lines, we place positive test charges do

(1)  Electric fi i
feld lines due to a positive point charge Jectric lincs'offorces‘ Pr

The electric field ¢
. reated b iti i .
are directed radially outw:rz‘.asmvc o g TP T

2 i .
(2) Electric field lines due to a negative point charge

The electric field ¢ '
. reated b i tive
directed radially inward., pLRSAR AR AACR T PEES

t charge go. The ¢

test charge do- The electric lines of forces are

Electric lines of force
-

(3)  Electric field lines for like charges , e B i

. . i e. The lines in|

For two similar positive charges of equal magnitudes, the field lines are cpfvcd as sht?lwn in ﬁ%::rof b il
region between the two charges seem to repel each other. The middle region shows the presen i

spot or neutral zone.

(4) Electric field lines for unlike charges
Fig. (11.5) shows the field lines due to positive an
each other. The field lines starts from positive charge an
the field where the resultant intensity is equal to the sum of
intensities due to positive charge and negative charge and its
direction is along the tangent to the field.-

Yy Y YYYY V Yy v 5

aced ata certain distance from
me points in

d negative charges which are pl
d terminate at negative charge. There are so

T+ + + + + + + + + + +

Jote:

For uniform electric field, field lines are parallel, equally :

spaced and lines passing per unit area is same. .
Field lines for two oppositely charged parallel Uniform electric fleld between
plates charged plates. ‘ .
In this case, the field is uniform in the middle region where field lines 2
are equally spaced as shown in figure. ' : :
If the plates are not of infinite length, the field lines at the ends of
plates will be a little bulging out, showing that field is not uniform at
1heldcnds. T}t;e field such as at the ends of plates is called "fringing
field". Another interesting property of field lines can be i i
. N - | expla-med with
;) Field lines due to positive charge place '
olate ge placed near metal ,
Suppose that a éhargc +q i :
. q is placed near a iti
char]gc will attract the negative charges (elecTrzt:sl)F;Latt:eTr::taI;OSlltwc
resulting i i . 5 plate,
o el e o o b s
ich s near to +q charge where they will be at 1]

5)
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negative charges of the metal pla
electric lines of force cannot pass
clectric lines of force have the tendency to contract in length. This exp

bodics. :
Properties of Electric Field Lines
1. Electric field lines start from positive charge and end on the negative

charge.

2. The tangent to the field line at any point gives direction electric ficld at

te. Furthermore, these lines are always perpendicular to th

through a conductor. Therefore electric ficld is zero insi
lains attraction between oppositely charged

e metal surface. The
de a conductor. The

'

that point. ‘
hrough an arca give the magnitude of clectric

3. Number of electric field lines per unit area passing perpendicularly t

field.
4. No two electric filed lines intersect each other.

T?nis is because E has only one direction at any
dircction, which is physically not possible.
5. Electric field lines are parallel and equally space

clectric ficld is non-uniform. :
rt where field is weaker.

6. The lines are closer where field is stronger and are farther apa

d where the electric field is uniform

given point. If the lines cross, Ecould have more thaif one

and non-parallel where the

7. Electric field lines cannot pass through conductors

Q1: Explain why It ls possible for an air passonger
shock when he touches the knob of the tollet door
flying airplane. '

Ans. Any person may have charges due friction with flour or with anything like scat
in the plane. When the person will touch the metallic knob of the toilet door,
charges will flow through the body of the person to hand, that’s why person can

get electric shock.

in a high altitude

to got an eloctrical |

Q2: Whatwould you do if you are caught on thunder storm?

Ans. Thundering lightning will not affect insi
external electric field cannot enter or inte

rfere inside the charged closed surface
like flying acroplane. ‘

de the plane due to shiclding effect. As '

MCQ's From Past Board Papers

Which one of the following can be taken as measure of electric fleld Intensity:

1.
E [ gA deq
AZ . ©% o (D)
2, Concept of electric fleld was given by :
(A) Michelson (B) Henry (C) Michel Faraday (D) Orested
3. The fact that Electric Fleld exlsts in space around an electrical charge is L 5 ’
(A) Electrical property (B) Gravitational Field (C) Intrinsic property of nature (D) All of these
4. The force experience by unit positive charge placed at a pointinan glactric field is called: :
(A) Coulomb's force . (B) Faraday’s force (C) Electric field intensity (D) None of these
5. " The force on Neutron due to a field of 10? N/C Is:
(A)1.6x 107" N (B)1.6x 107N (C) Zero (D) 1.6 x 102" N -
6. Special organ called Ampullae of lorenzinl that are very sensitive to electric field are found in:
(A) Bats (B) Cats : (C) Doges (D) Sharks
7. An ECG records the —— between points on human skin generated by electric proceas in the haart:
(A) Heart Beat (B) Pulse Rate ~(C) Pressure (D) Voltage
8. The electric field lines are closer where the field Is: g
(A) Strong (B) Weak (C) Uniform ;
9. The electric field created by positive charge is: (D) Variable
A) Radially inward B) Zero i ;
(A) y in (B) (C) Circular (D) Radially outward .

CamScanner
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L ' Unit 11 [Electrostatic
| e unlt of Electric Intsnsity othar = ‘ [E e
(A) A U~ ‘
' B) < v N
1. S. B 5 oY oY
(A; jlncu of strength of electric fiold is; G '
1% NC~"Is the SI unjt of: e (C)NIC (D) JN
(A) Force ’ ’ - )
13. The directi (B) Charge (C) Current (D) Electric intensity
A) Radial on of field lines due to a charge “+q" Ia
allv o : ' o
14 The unit , outvard (B) Radialy inward (C) Circular (D) Curve
e it of electric intensity other than NG-' ‘ .
15.' . Tho ele tri | ‘ (B) Vm" (C) vc-1. (D) NC
ctric field Intensity due to an Infinite sheet of charge Is ' _
(A E = : . £ T
6. Gl ®F = ©E=58 ©) E-E T
Cf . _ .
1fan electron of charge "e" Is accelerated througha potential differance V, it will acquire eneroy:

Byve . ey € @ Ve’

: ' 0.8 |11.c |12.D

1.B 2.¢ 3.C 2c lec Jeo |7.p |[8A¢ [9D

13. A 14.B 16.A -| 16.A

ing of Photocopier (Xerography).

Describe the Principle, Construction and Workin

Q.5

~——

A photocopier is a machine that makes quickly and easnly copies of documents.
n aluminum cylinder coated with a layer of selenium (as shown in Figure 11. 8

The heart of a copier is the drum, a
ctrical conductor. Selenium, on the other hand, is a photoconductor; it is an insulator

Aluminum is an excellent ele
iy the dark but becomes as conductor when exposed to light.

When the paper to be copied is laid on the glass plate, then the photocopier perform the following functron
First, an electrode called a corotron gives the entire selenium surface a positive charge in the dark
Second, a series of lenses and mirrors focuses an image of a document onto the revolving drum. The dark and
light areas of the document produce corresponding areas on the drum. The dark areas retain their positive charge |
but the light areas become conducting and lose their positive charge, ending up neutralized. Thus i |
charge image of the document remains on the selenium surface. : POS'“V" I
In the third step, a special dry black powder, called th
A e toner, is given a negatlve charge and th
drum, where it adheres selectively to the posmvely charge areas. ‘8 - Sprcad one the !
The fourth step involves transferrin
g the toner onto a blank piece of paper. How
charge image holds the toner to the drum. To transfer the toner, thepprer is P e it poslieeg
that of the image, with the aid of another corotron, gwen e positive charge thet
Last, the paper and adh
ering toner pass through heated pressure rollers
paper and produce the finished copy WAlchintolethe) gy mto b ﬁbcrs Of the

(= T = . T

CamScanner


https://v3.camscanner.com/user/download

11

ie
§l Scholar’s FEDERAL PHYSICS-XII-(Subjective)

Orniginal document - Selenium-coated drum

Lamps

Copy output

b
- i ’
'\’\-,‘.

/
o
\
B ¢
&‘)

Heated pressure  ~ Corotron ~ Corotron  Copy paper
rollers . fordrum for paper

(2)

Fig: 11.8 (a) The dry copying process Is based on electro
ducting drum, transfer of

process are the charging of the photo con

positive chatge duplicate, attraction of toner to the charged parts of

of tonor to the paper.

statics. The major steps in the
an image creating a
the drum, and tranafer

Q.6

Explaln the Construction and Working of laser printer and Inkjet Printer

@
laserPirinter)

Laser printer work is largely due to the Toner
process called xerography. Initially, the photo- o
receptor drum is charged -positively by corona Laser
. wire by applying an electrical current.on it as’| Scagron
shown in fig 11.8 (b). Ry

When the light of the laser beam hits the 1

. drum, whatever areas that are exposed to the light

are rid of these electric charges. The areas that are Py

not exposed to -light eventually make up the T
printed image, these areas, which remain '
electrostatic, then pick up. the particles from the

Photoreceptor
Drum

Charging Electrode
(Corona wirs)

Laset printer with a static laser scanning unit, but movable mirror.

ink toner. The heat generated by the printer melts
the dry ink and then gets fused on the paper to create the printed image.

HinKjetiPrinters |
An inkjet printer is another type of printer that uses ele

forth across the paper, the inkjet printhead ejects a thin stream of ink. The elements of one type of inject printed is shown
in fig: 11.9. During their flight, the droplets pass through two electrical components, an electrode and the deflection plates
 (a parallel plate capacitor). When the printhead moves over moves over regions of the paper that are not to be inked, the.
charging control is turned on and an electric field is established between the printhead and the electrode. As the dro;i pass
through the electric field, they acquire a net charge by the process of induction. The deflection plates divert the chargéd

droplets into a gutter and thus prevent them from reaching the paper.

ctric charges in its operation. While shuttling back and

(%3 CamScanner
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Paper

Deflection plates

B Electro
Nozzle of / de
Printhead

Pak

harged plates.

charging of ink droplets between two oppositely ¢
arging control, responding to instruction from the computer,

the deflection plates and strike the paper.

Whenever ink is to be placed on the paper, tiié ch
plets fly straig

NS AL

photoco

' pler? .
a strip at a time which is scanned in
-to-original and lens-to-drum

erences beaen laser prln’er an
ens to focus an image of the original (actually,
rformance copiers) onto the drum. Adjusting the lens

What are the basic di
Copier uses a bright light and 1

most modern low to medium pe
distance is used to vary the reduct
A laser printer uses a low power

S

ion or magnification.
harply focused laser beam to scan

one line at a time on the drum. Modern laser

CD players and optical disk drives while

printers use infra-red solid state laser diodés similar to those used in-
older ones used helium neon lasers,

State any two other applications of electrostatic

Following are few. applications of the electrostatics:

The Van de Graaff Generator. ’

Xerography.

Laser Printers.
Ink Jet Printers and Electrostatic Painting.

Smoke Precipitators and Electrostatic Air Cleaning.
State any two hazards of electrostatic.

;—‘qllc:jwing are some examples of dangers associated with static electricity:
t is dangerous when there are flammable gases or a hi i i e :
v ol Rl g igh concentration of oxygen. A spark could ignite the gases
It.is dangerous when you touch something wi i it. The

t thing with a large electric charge on it. Th i l
body causing ‘an electric shock. This could i e crme vall flow seoigh

. & your

il ause burns or even stop your heart. A person could die from an

s\From Past Board:Papers
Selenium Is a: ' v

(A) Insulator ; B) Ph

The t_oqgr of the printer is give(n) Ploconductor
(A) Positive charge ~(B) Negative charge

z|e

=
-

\ejvvvvy

>
=

1.

(C) Conductor

(D) First insulator then conductor

- (C) Neutral

(D) First positive then negatiﬁj
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3. The word “Xerography” means:
(A) Writing by left hand B Wnll i :
4. Which one is a photo conduct(oz? SHEREEE e (0) Wiiing by water colotrs
(A) Copper (B) Selenium’ . . i ' |
5. Phoh;o copier and inkjet printer are the application of: (RAES Ay IS
(A) Magnetism . B) Electr ' - i
N Ta iursiorihe Btk glv;n) city (C) Electro magnetlsm (D) Electro statics
(A) Positive charge (B) Negative cha i i i
e . C)N { tive
7. Photocopier and Inkjet printer are the applicart?ons of: ISR (O Ftpes N? hennest?
(,l:‘) E(I’edroslatlcs (B) Magnetism (C) Electricity (D) Electro-magnetism
8. - Thedrum in a photocopier Is.coated with a layer of:
(A) Aluminium (B) Silver (C) Gold (D) Selenium
9. The photo copying process Is called: '
(A) Photography (B) Scanning (C) Xerography (D) Holography

1.B 2.B 3.C 4B |6.D 6.B 7.A

8.D 9.C

Q.7 Whatis Electric Flux? Explain. Give its unit.

: Flux is a Latin word, which means to flow. In electrostatics, it can be
defined as,
Definition (physncal)

- The number of field lines passing through certain area
perpendicularly, is called electric flux through that area. '
' OR

Definition (quantltatwe) :
Electric flux through an area is defined as the scalar product of

electric field intensity E and vector area A |
Mathematically

®=E.A
OR ®=E A cosd

Where 0 in the angle between E and A

(Area Vector: A is a vector whose magnitude is equal to the surface
area and whose direction is normal to the surface area.)

Thus flux @ is the scalar product of the electric field & and arca vector A.
Dependence of Electric flux
Electric:flux depends upon

i) Number of electric lines of forces per unit area.
ii) Area of surface.
iii)  Orientation of the surface.

When the area A is tilted such that it is makmg an angle 0 with the
clectric field lines as shown in Fig 11.11 (b) in this case the electric flux is:

d= E.A =EA cos0

e

Eloctric flux through a unit area
and curved surface

E

‘ Electric flux at angle J

Ll7

Area Vector
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The number of lines passing through the arca will be E (A cosB)

depending upon angle 6.

If the surface is placed perpendicular to the electric field such that surface area

- ) -
then A is parallel to electric field E
i.e. (0=0)(Fig11.11b)
then electric flux will be maximum,
Qe = EAcos0
®pae = EA (1)
D = EA
Therefore maximum number of lines passes through the surface area.
If the surface is placed parallel to the electric field Fig. 11.11 (d)
such that surface area A s perpendicular to electric field E

(6 = 90°) then no clectric lines of force will pass through the surface,
Consequently no electric flux will pass through the surface.

Then flux is '
Qnin = EA cos 90
d)m,',, =EA (0).
(Dmin =0

.8  Describe the method to evaluate the electric flux through the
closed surface. ' '
ectricifluxithroughicloselstirface
We will follow these steps
» If the case is such that either field is non-uniform or the surface is

curved, then we divide the surfaces into very small patches of area AA
called differential area and assume that these are approximately flat and
they are so small that electric field E is almost uniform over it.

» Calculate the electric flux through each of these small patches, usi'ng the
formula: S

- -
®e = E.AA
» To calculate total flux through the whole surface we add flux from each
patch such that .
Q=2 EAK
Also remember these points,

S

—

S N—

—

= o El
A——1 1
———— * f——p

cloze surface

Pasitive, negative and zaro flux through a

. . . A o . ;
For an‘arbitrary closed surface, then area vector of its any differential area is AA = AAR » Where AA is the
magnitude of the differential area and f is the unit vector (direction) normal to the surface in positive direction,

In case of closed surface, the electric flux may be positive or negative or zero depending upon the number of lines

entering or leaving the surface:

The electric flux is positive if net numbers of electric field lines are leaving the surface, that is, there is source of

ficld lines in the closed surface.
The electric flux is negative if net numbers of electric field lines are e

“The electric flux is zero if numbers of field lines entering are equal to fj
Intercepting the surface.

: . of ele _ ntering the closed surface or more field lines
are entering than leaving the surface; there is a sink of field lines in the closed surface.

cld line leaving the surface or no field line

CamScanner
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0.9 Derive an expression for electric flux through a surface enclosing a charge.

J-}m;"”

To calculate the Clectie ﬂ'ux through the whole surface, it is divided
into n-number c?f sn}all pieces having area AA,, AA;, AA;, AA,

_ The intensity. o clectric field is same at evc' 7 D Sl
1 cquidistant from the charge. ry point as they are

The electric flux through the small elements AA, is

- -
¢ = E].AA] = E] AA| cos0 = E|AA|
The electric flux through the other small clements AA,; is

y

- -
®, = E;.AA2 = E; AA; cos0 = E;AA, -
similarly the electric flux through AA, is

LY vvl

- =
®, = E,.AA, = E, AA, cos0 = E,AA,
The total flux through the entire surface is
=0+ D+ O3+ Dy + ... +®,

- 0=ZwneEAA e (11:12) 5
- But as electric field intensity E is constant over the sphere

E|| Therefore
' _ O=E Youtce AA

1
Since E= 3‘35;?

“Thus the above equaticn can be written'as

1
Q"-:Z;zq;.:? (total area enclosed by spherical surface)
_¢q » |

4ne, P (41"_2) .

€

Conclusion ~
o The electric flu
~ shape or geometry of ciosed surface.
o The flux through the su

enclosed.

=4 a3

x ‘through a closed surface does not depend u;')on the

rface depends upon the medium and charge

id i ;
Consider a spherical closed surface of radius r having a point charge q at its center as shown in fig. 11.13.

Gauss was 2 Germen
mathematician and scientist
who contributed significantly to
many fields, including. number
theory, statistics, anaiysis,

0

- | 7
-\4‘.,_/’. : ;

Flux through a cicse surface J

differential . gecometry,
geophysics, electrostatics,
astronomy and optics.

Gaussian -

&~ Surface

e

Q.10 State and prove Gauss's Law.

At s

Statement: Gauss's law states that
surface is equal lo the total charge

permittivity of free space & "
Proof: _ ;
Let us consider an irregular closed surface
9, G2, Gy........ G @s shown in fig 1 1.15.. ‘
Then the total electric flux through that closed surface is:
(Dc=¢|+¢2+ ¢3+-oo+®n

o g.2,%,4 G

e 50 €0 en ........ ﬁo

“the net electric flux through a closed
g enclosed by the surface divided by the

S, enclosing a point charges

Number of charges ip a closad -
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1

2 O (@t Qb qn)
- w—
C (pl EI‘ .‘:'i q'

l .
= Dy = ¢ (total charge enclosed in surface)
Q (b'. -‘.Q

Lo
Thus gauss's law shows that the electric flux through any closed surface is 1/e, times the total charge enclosed in it

Q.11 What is Gausslan surface? How can you apply the Gauss’s law to
calculate the electric field?

@D Gaussian surface

o+
A Gaussian surface is an imaginary closed surface of arbitrary shape which passes +
through the point where we want to calculate electric intensity.

Applications of Gauss's Law:

Gauss's law provides a convenient method to calculate E in the case of sufficiently

symmetrical charge distribution. Some of examples are now presentéd.
Q.12 What is location of charges on a hollow closed surface? Also calculate the Electric Intensity for

Hollow Charged Sphere? :
IntensitylofiFieldlinside’alHollow.Charge
Gaussian surface '

In order to calculate the electric intensity inside the sphere, we imagine a
Gaussian sphere of radius R’ inside the sphere, where radius of Gaussian sphere
R"is less than R (i.c. R"<R) '
Charge enclosed

It can be scen in figure that the charge enclosed by Gaussian sphere is
2€ro. 1.¢.

diSphere

q=0 (1
Flux through the surface
The electric flux through the closed surface is

O, = E . A . @)
Calculation of Electric Intensity
By Gauss's law

On a conductor, flat or
curved; all chargas ara
repelled to thae outer

.= < 3)
£O
Usingequations (1) and (2) in equation (3), we have Excess of charge on the surfacs of a conductor
E.A= O

Since vccu;r area cannever be zero. So
-E=0 _ :
Thus, the interior of a hollow conducting charged metallic sphere is field free region

ocatio‘n of.Excess Charge’on'a Conductor:

~ We know that the clectric ficld E = 0 at al| points due to clectrostatic

equilibrium in a conductor (the charges will res;j
hollow closed body) g side on the outer surface of the

(%3 CamScanner
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We can make an imaginary Gaussian surface S, in the interior of a
conductor, as shown in fig:. Because E = 0 everywhere in this surface, the net
charge inside the surface has to be zero. Since E = 0 everywhere on the Gaussian -
surface S, the net charge inside that point is zero. That also mean that there
cannot be a net charge at any point within the conductor, because that tiny point
‘could be put anywhere in the conductor. if that's so, that means all the charge

An excess of charge on tha outer sutface
must be on the outer surface of the conductor, as shown in fig 11.16. of & hollow conductor
Case 2:

Now let's consider a hollow conductor as shown in the illustration 11.18. ‘

Since the COnducto§ is.hollow so there is no net charge at any point within the
conductor. The cavity is surrounded by a Gaussian surface S which encloses no

net ch.arge and so there is no charge on the internal cavity. Again all the charge is
deposited on the outer surface of the conductor. .

Case 3:

In the third case as shown in the fig: 11.19. Let's put a charge q inside the
hollow conductor. We insulate it so no charges can jump from one surface to

another. Now i w ; ! ith - 1 H Charge g inslde tha hollow conductor
chatge if we use Gauss's Law with ‘Gaussian surface S again, the net. R e sertace s
. , - : .

of what it encloses has to be zero because there was no charge transfer between the charge and the conductor. Initially the

conductor was uncharged but when charge q is inserted, then there will be negative charge on the inside cavity in order to
maintain its neutrai status. - %, |

So the other surface must have a charge equal but opposite the charge of the internal cavity, or the outer surface's
charge is equal to that of charge q. - , ‘ b

Airlines Airbus A280 flew through a
storm.when 500 peoples were on the
board but none of them were injured. As
there is no electric field, no potential
difference inside a metal shell, so one of
the safest way to be inside a metal shell-
during thunderstorm.

Q.13° Calculate the Electric Intensity Due to an Infinite Sheet of Charge. FSD - 17, GRW - 15, 16, LHR 2017

ElectricfieldIntensityiDueiTolan nfinitelSheetioficharde:

Consider an infinite plane sheet of charge density o. Let P be the point at
a distance r from the sheet. E be the electric field at point P due to positive sheet
of charges. Consider Gaussian surface in the form of a cylinder of cross-sectional
area A perpendicular to the sheet of charge. The direction of E is perpendicular to
face containing P and parallel to the curved surface. ‘

Since we know by Gauss’s law

Total electric flux =£‘ x (Charge enclosed by the closed surface)
0

. 1 '
g d=7x(Q)
€
As surface charge density 6 = Q/A or, | Gaussian surface in the form of a cylindar
=) _ CA= Q . . perpendicular to the sheet of charge
- So above equation becomes: ‘
y oA
= =T M
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Flux through the surfaces/of Gaussian surfacel ) '

Now we calculate the electric f]

i) Flux through right end flat surface
®,= E.A
®, = E Acos0° (0 = o9
. = EA(]) |
| ‘Dc, = EA
ii) Flux through left end flat surface
®.= E.A |
@, = E Acos0° (.0 = 09
®,, = EA(I)
., = EA
i) Flux through curved surface |
1(51;5 no field lines pass through the curved surface, so
\= 0
Hence, the total flux through the cylinder is,
d,. = (Dc. + O, + 0}
®.=_ EA + EA+0
O, = 2EA (2)
Comparing equation (1) and (2),
EA =34
€o
S .
= [~ 2eq . .. (11.15)
In vector form
S . P
and E:EC_OI' ...(11]6) .
Where r is the unit vector normal to the sheet and directed away from sheet.
Q.14 Evaluate the electric Intensity between two oppositely charged

parallel plates.

Electric field intensity
plates. _ , _
: Consider two parallel and closely spaced metal plates of infinite extent
'separaty-?d by vacuum. Let the plates have opposite charge. The charges are uniformly
distributed and are concentrated over the inner surface of plate. Electric field starts
from inner surface of positively charged metal plate and end on negative charges on

the inner face of the other plate.

Gaussian Surface

Consider a Gaussian surface in form of hollow box, whose top is insi v -
i  top 1s inside the upper metal plate a sin
space between the plates, as shown in figure. ' o P nd_ t_h - GogronT)

Charge enclosed

Let

A = surface area of the top / lower surface of the hollow box.

Eetween two oppositely charged parallel

ux through each of the three surfaces of Gaussian cylinder.

+ P —
+ -
+ > -
b
=
+ [—> o
+w——b————
+ o -
Es > =
+ ¥ =
+ e

The lines of for~' petween the
plates are norma to the plates
and are directed from the positive
plate towards the negative one.

CamScanner


https://v3.camscanner.com/user/download

Scholar's FEDERAL PHYSICS—XII (Subjective)

19
S = uniform surface charge density.

en, the charge enclosed by the Gaussian surface js
= 1

Q =

Flux through the Surface .

Now we calculate th

i) Flux through sides of the box
As the field line

Sides is zero, S are parallel to the sides of the box. So flux through the
i) Flux through y
As there is no fie

PPer surface of the box
Id inside the metal

: late. So fl :
of the box is a|so Zero, S ongithe Ny g Dotted rectangle represents the
iii)  Flux through lower e, cross section of GYESIREbOR
he R r surface of the box with its lop inside the upper met:
€ flux through the lower surface of the box is given by, plate and its bottom in the dielectnc
> - B the plates.
®.= E.A between the p
D, = E Acos0°® (: 0 = 09 :
®. = EAQ)
O, = EA

Total flux through the box
Hence net flux throtigh the box is,
®, =EA )
Calculation of electric intensity
According to Gauss’s Law:

1
Q.= — (q) _ 3)
€, '
Using equations (1) and (2) in equation (3), we have _
EA = — (g A)
Sn
c
or E = w——
E:0
: = —
In vector form, E =[+]r

o

. A . . = . \
This shows that electric field is same at all the points between the plates and 1 is the unit vector directed fron
positive to negative plate.

1. (Sl:)u':\itgﬁEle'ctric flux Is: B g - _—
m
‘ losed surface depends on: '
ol ::)t;lhzl;:l:;:‘;‘:fg';ea e (B) Charge enclosed only (C) Medium Only (D)Bothb & ¢
— —
= E .A is applicable to a surface: '
i W W - " B Gylindrica (C) Conical (D) Flat
4, The Electric intensity near an Infinite plate of positive charge will be
| B) 5 (€) ‘%‘ : (D) None of these
Ao ®) %,
5 Electric intensity inaide the hollow sphere is: 1
| s © (D) Zero
(A).:-o ) 2co . £0
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6. Which one of the following can be taken as measure of electric field intensity: - -
F ¢e - 0% ) &
A& (B)A € A
} d conductor has charge on its: s )
f e e (B) Outer-surface (C) Middle point - (D) Surrounding space

A) Inner-surface )
4 the surface area should be

tion of electric flux, .
= (FAS';:JSET“ ® Flat (C) Curved (D) Spherical
9, The electric flux through closed surface depends upon. '

(A) Charge (B) Medium . ~ (C) Geometry (D) Charge and medium
10. Electro Encephalo Graphy (EEG) is the diagnostic test for the working of :
(A) eyes ' (B) heart (C) brain (D) lungs
11. Unit of electric flux is; - -y
Mg @ Gl RO
12. The S unit of electric flux is: ' .
(A) Nmc™? ~ © (BYNm*C™' C)NCm™? (D)Nmc
43, Total Flux through a closed surface depends on: : .
(A) Shape of Surface (B) Charge enclosed only (C) Medium Only (D) charge and Medium _ |
9.0 10.8 | 11.C 12.B | 13.D

1.¢ |2.p |3.0 |4.B |5D |6.B |{7.B |88B

Q.15 Define Electric Potential Difference and Absolute Electric Potential.

Potential.Difference:

“Potential difference between two points is the work done in moving a unit positive charge from one point to
another keeping the charge from one point to another keeping the charge in electrostatic equilibrium.’ '

Explanation:

P.E. And K.E. Of
charged parallel plates. A charge experienced a force in an electric field. If the charge is allowed

electric field it will move from plate A to plate B and-acquire Kinetic energy as shown in Fig: 11.23 (a). On the other hand
exterial force is required to move the charge against electric field. In order to move the charge q,, with uniform velocity

from B to A an external force F must be applied which is equal and opposite to q.E as shown in Fig 11.23(b). This force
will maintain the equilibrium by preventing the charge q, from acceleration while
Al+ + + + + + + + +

moving from A to B.
i.ot Wga be the work done by the foree in carrying a positive charge g, from A _
point B to point A without disturbing the equilibrium state of the charge. The change in v VI Y VY Y v v

potential energy AU of charge q, is defiried to be equal to the work done by the force in

The Charge In Electric Field: Let us consider a positive charge +q placed in oppositely
to move freely in an

carrying the charge q, from one point to the other against the electrical field, i.e.
‘ o EEE——
AU = Wy, ‘ P
= otential difference between
Ua - Up = Wha e (11.18) point A & B in electric field.

i Where U, ‘and Up represent the potentizil energies at point A and B

Al+ + + + + + + + +]

respectively:
If this charge is released from point A, it will move from A to B and will gain an F
equivalent amount of K.E. ' T
Potential Difference: Potential difference between two points is the work dong in Y 1¥9Y Y v d
moving a unit positive chatge from one point to another ifecping the charge from one . l
point to another keeping the charge in electrostatic equilibrium. It implies that. 9.6
AU_ Wy, .(IL19) ) SRS
QP Q ' ‘ ' Poitemial difference between
' point A & B in electri ;
- z_U=%A—%n=VA—VB=AV (D) | electric field

Where V, and Vg are the electric poténtials at point A and B respectivel
The defining equations give Ua =qoYa and Up =q,V, ] ¥
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Thus AU = g, AV = Wj, e (11.20)

Where AV is potential difference b
ctw
Volt: Its SIunit is volt. een Aand B,
_Ldoule _
1 Coulomb -

One volt is the potential
moving one coulomb of charge

21

1 volt=

difference between two points in an electric fleld if one joule of work is done in
Jrom the one point to the other.

‘Other multiples and sub-multiples of volt are
I milli volt (mV) = 107 v, 1 micro volt (1V)=10%v

I'kilo volt (mV) =10’ V, | mega volt (MV) = 10¢ v
1 giga volt (GV)=10° v
It is scalar.

“The electric potential at an : : , 4
gt . y point in an electric field is équal to work done in bringing a unit positive charge
from infinity to that point keeping it in equilibrium.” Jr q ging N

Its S unit is also volt. It is scalar.

As AV = ¥ea
. 9o
Or VA - VB . —“LIJA
« Qo
If point A is at infinity, then  Vy=V.=0
S0 Vi-0 =ieA
90
In gencral,
A\
V=
9,

Where V is the absolute potential

Q.16 Derive a relation for the electric potential {or absolute potential) at a certain point due to a point
charge. :

Electric potential due to a point charge consider an isolated charge +Q fixed in space as shown. -

Let a test charge qo is moved from point A to point B against the electric field of charge Q kecping the
electrostatic equilibrium. Let ry and' rg be distances of point A and point B from charge Q. We divide the
distance between A and B into infinite simally small displacements (as shown) so that the field intensity E over
each displacement remains same. '

. 4 1 1
Since E = 47!60.8 = Eoc;z

Let the test charge q is moved from A to 1 in first step,

; : K ;3 Bn 2 1A
So 2?; T o< T TAl' i a® 7 _
s, B = () .0

, 4ne, \IAll ,
Work done in moving the test charge q from A to 1 is:
AWps = F. d
- - -
= qE.Ar

qE ArCos 8
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= Awuo—;B a 4T Eo (rB

180° because q is moved against electric field E.

Since Q =
= AWasi = qEArCos 180
AWa, = QEAr (-1
Put value of E from €q 1)
AWA..,l = —-q E Ar ‘
1,
2 =8 (47!60 rArl) (n =)
A R
- 47reo TAT] (ri=ra)
__Qq (rﬁ —rl)
T 4neo, IA—TI

AWas1 = © 4n€E, (r,m rAn)

AWas1 = 4ne,
Similarly

AWi2 = “4ne,

-----------------------------------

-----------------------------------

. _f_Qi_tL_i)
AWisB = “4ne, \1s  Tn
So total work done in moving the test charge qfrom AtoB is:
AWasB = AWA.H'*'AW]_,Z'*' .................. AW,oB , 1
. Qo (1_1) 0L (L11) s o (1-1)
4ne, \Nn TIA 4nte, \I2 1 4ne, \TB In
R ANRTTA % — S
4ne,o A A1 /N /2 m /I IB
_ _9.9._(.__L _1_) = _99_(_L_L)
AWasB = 4ne,\ Ta B dne,\1B  TA
ra = co then

Let pomt A lies at infinity ie.,
_Qa_ (__1___1_) - _Qﬂ_(_l__o)
00 4me,

AWeooB. = 4neo, \ B
1
-—) Q)

k done on charge d is stored as electric P.E. U

This wor
=)

= U = 4nreo\T
From eq (2)
AWeoop _ —2 (_l_) s
q . 4me,\1B/ ™

‘ _ 1. Q
_v_4ne°r
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Q.17 What are equipotential lines or equipotential surfaces?

ield and Potential Gradient. : ik

These are such surfaces on which all the points are

- " § 1 aIO

23

Explanation:

. Electric fields is very difficult to represent in a
diagram. _Bot!l strength and direction can be indicated at
every point in the field. As an alternative to field-line
diagrams, ‘contour maps’ of the electric field can be drawn
using equipotential lines. An equipotential line connects

points in space where the potential of an electric field is the
same as shown in fig (11.26).

Equipotential Surfaces around A Point Charge:
Electric potential due to a point charge at distance r is given

by formula: v=—"h
4ner .
. So all poi.nts at _the same distance r from the charge will have the same
potential — the equipotential lines form circle centered on the charge.

Equipotential Surfaces due to two or more Point Charge:

' If 'there are two or more charges present, then the potential due to each charge.
Potential is a scalar quantity. However; potential can be either positive or negative,
depending upon the sign of the charge.

The same basic idea is true on equipotential map, the closér the lines are
together; the stronger the field is at that point if the equipotential lines are close
together, the electric potential energy must be changing by large amounts in small
distances, and there must be a large force acting. Equipotential lines due to two chages

Q.18 Derive the relation between electric field and electric potential gradient.

OR Show that, E =—£
Ar

Let a test charge q, is moved with uniform velocity (in
equilibrium) against the electric field: through displacement Ar , then
work done by the electric force is:

W=FdC>0
= W =q,Bar Cos180°
o W=qEAr(l)

o WefoBar ® e (i)
As the charge g, is moved between two points having potential difference AV then work done on the charge can

be calcnlated by formula:
1 Ri=gl AV = e (i)
- Comparing equation (i) and (ii),
24 q, AV =-qE Ar
= AV =-E Ar
So,

AV ... (11.28)

o . E=—Ar
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Potential gradient ' R
AV
E=- E | B
The strength of the field is equal to the potential gradient. .
We may also define the electric field strength as, the negative of potential gradient.
OR "The rate of change of electric potential AV with respect to displacement. Ar is known as potential gradient.”

' .The negative sign indicates that the direction of the field is opposite to the direction in which the potential is
Increasing i.e. electric field is in the direction of decreasing potential. ' -
+ This relationship between field strength and potential gradient is analogous to gravitational fields.

Q.19 Define elecron volt (eV).
TheElectron Volt!(eV):

“One electron volt is the amount of energy acquired or lost by an electron when it is displaced across two points
in the electric field between which potential difference is one volt.” ;
By definition ‘ -
A(KE)=1eV, wheng=e=1.602x10""CandAV=1V.
Thus  A(KE)=W=qAV
- 1eV=1.602x10"" Cx] v
=1.602x107"" J
‘The electron volt (eV) is just another unit of energy like the joule.
This is the smaller unit of energy. Its bigger units are multiples of 1 eV that are in frequent use are given below.
1 Million electron volt = I Mev = 10° eV ‘ '
1 Giga electron volt = 1 GeV = 10° eV

volt _ newton
meter coulomb

Q.20 Show that

@ Proof

LHS. =

volt

meter

joule
- coulomb

meter
joule

coulomb meter

newton meter

coulomb meter
_newton

> cpulomb
=R.H.S.

volt _ newton

Hence, =
meter coulomb

MCQ’s From Past Board/Papers . '
1. A Particle carrying a charge of 2e falls through potential difference of 3V. The energy acquired by it will be I
M15ev (B) 0.66 eV | (C)6ev (D)3 eV |
2. Two opposite point charge of same magnitude separated by distance 2d, electric potential mid-way between them Is:
(A) 1V (B)2V . (C) Zero ' '(D)\z—/ ' (
3 The work done in 'movlng'a positive charge on an equipotential surface is: ' !
\)¥ -(A) Finite and Positive - ‘ (B) Infinite (C) Finite and Negative (D) Zero ) \
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El
. ectric fleld Inside a hollow charge conducting aphere are w B
Q) =1
5. One Electron Volt is equal to sl © s, I Sitieneigt it
(N 6.25 % 10" Joule (B)6.25x 10"
. 25% 10" Joule C)16x10™" 10" Joul
. A particle havl (C)1.6x Joule (D) 1.6 x oule
’ (e\s’: 5oV N9 2 e charge f:g)l_sgml\lfgh a potentlal diference of & V. Energy acquired by Itla__
I If an electro s (C)04eV (0)10eV
A nof charge Is acc(eé(;r\x;’lod through a potential differenco V, it will acquire energy. )
L A particl X . (C) EAy (D) Ve
; (.\:)Q Gc\(:g.“.gy'"n a charge 01820 falls thr%ugh potential difference of 3\:. Energy acquired by [t ls: o
A Y " -~ -15 ¥
o The amount of energy acqulm(d)oe'? .\lit()) v : (C)0.6x 107" s)') l:J.O x 107 '
()32~ 107"y v 405 )_"gn alpha particle as it movol_‘lohrough p.d.of1 D’;'!
10. A particle having 2e charge falls th o 1?\ ) | S ired b (lt)hcro R
(A) 2.5 eV ®) 20’2‘\1/9 a potential dmm?é)ooofz 5\\//. Energy acquire V(D) el
Ao
" . (S'{:C(t::lal organs called Ampullae of Lorenzinl that are very sensitive to electric field are found In
12, Ita cﬂ? ab (B) Dogs (C) Bats (D) Sharks
- (A) P.E rged body Is moved against the electric field, it will galn:
. L (BYK.E
1 g;g: ‘Jog:l‘:,n";“c':“:{%)' (D) Electrical potential energy
. ual to:
(M) 16~ 10719 ey (B) 1.6 x 1019 v () 6.25 x 10718 v (0) 6.25% 10'8 eV
14, The electron volt is the unit of ,
(A) electric current (B) electric energy (C) potential (D) polential difference
-\ - -
15, The relation * T"-mpmmm,
' (A) Gauss's Law (B) Electrical flux (C) Electric intensity . (D) Potential difference )
16. Two opposite polnt charge of same magnitude separated by distance 2d, eloctric potontial mid-way between them Is:
' Vv
(A) 1V (B) 2V (C) Zero (O
17. The quantity %la called:
(A) Electric potential ‘ (B) Electric energy : (C) Potential barrier (D) Potential gradient
18. The work done in bringing a unit positive charge from infinity to that point in an electric field Is called.
(A) Potential (B) Potential difference (C) Absolute potential (D) All of these
19. The absolute Electric potential ata point distance 20cm from a charge of 2 pc Is . ‘
(A) 9 x 107V (8)9 x 10°V ()9 x 10'V (D) 9x10°V
20. The amount of energy is equal to1.6 x 10-"" J is called )
(A) One volt (B) one milli volt (C) One electron volt (D) One mega electron volt

Pt

Answers Key

1.C 2.C 3.C 4. A 5.C 6.D 7.A 18.D 9.A 10.D |11.D

12.D

13.D | 14.B 15.C 16.C |17.D |18.C |18.C |20.C

Q.22 Whatis a capacitor and capacitance of a capacitor? Give Sl Unit of Capacitance.

.

A device which is used for storing electric charges for long period of time, is
called capacitor.
Parallel Plate/Capacitor:

It consists of two parallel metal plates, separated by small distance. - The
medium between the two plates is air or a sheet of some insulator. This medium is
known as dielectric.

Charginglof.ParallellPlate!Capacitor:

Paralle! plales of a capacitor

When a charge is transferred to one of the plate say (A), then due to
electrostatic induction, it would induce charge Q on the inner surface of the other plate B.

(%3 CamScanner
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The capacitor is commonly charged by connecting its plate for a while to the opposite terminals of a battery
this way some electrons are transferred through the battery from the positive plate to the negative plate. Charge +Q an-d
Q appear on the plates. Mutual attraction between the charges keeps them bound on the inner surface of two plates 'an(

thus the charge remains stored in the capacitor even after removal of the batiery.

Capacitance of'a capacitor andiits unit:
The capability of a capacitor to store charges is called its

capacitance. -

When a charge Q is transferred on one of the plates of a
f:apacitor, the potential difference V between the plates also.
increases. In other words, the charge ‘Q’ on the plate of a capacitor is
“directly proportional to the electric potential difference V between

them i.e.

' QuaVv , ' S .l el
. | Capacitors use in different electronic devices
Q=CV . e (11.29) ]
o Q . )
T LTy

Where C is a constant of proportionality, called the capacitance of capacitor.

Dependence of Capacitance
Capacitance depends upon the following factors;

1) Geometry of the capacitor i.c. area of the plates and separati;m between
the plates.
2 The medium between the plates.

.

Definition of capacitance
The capacitance can be defined as the amount of charge on plates w

volt between the plates.

Unit of Capacitance
SI unit of capacitance is farad.

hich produces a potential difference of one

mb
| farad = 1coulomb
1volt
1C.
OR IF = —
1V _
Definition of farad -_ = '
The capacitance of a capacitor is said to be one farad if a charge of one coulomb, given to one of the plates of
a parallel plate capacitor, produces a potential difference of one volt between thent.
Convenient sub-multiples of farad are: . .
1 uF (micrq Farad) = 107 F & 1ppF (Pico Farad)=10""F %
sion for capacitance of a parallel plate capacitor. '

" erive an expres
Q 23» D : P D.G.Khan - 2017, Rwp ~ 2017, SGD — 2017

Icapacitance ofia:Pa
Consider a parallel p

plates, Q is the charge stored on

the plates and o is the surface charge density on plates. |
r or vacuum between the plates : ‘
: i [

~—

(@)
oY)
p,;)
£
% |
O
o

ralleliPlate Cak : L
late capacitor as shown in figure. Let A is the area of each plate, d is the distance between the

each plate, V is the potential difference between the plates, E is the electric field betweer

i) Capacitance when ai :
Let there is air or vacuum between the plates of the capacitor. Then ‘
Crac v

(%3 CamScanner
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Q We know that
a’q E= X
Y, d
OR V=Ed — ®
N As electric intensity between two oppositely charged plates is given by
‘ o

Putting this value of E in equation (2), we get
. od

Also, the surface density of charge on the plates is given by
o ==X.
A | |
OR . Q=cA ) i
. . . ——
| Using equations (4) and (5) in Equation (1), weget
__GA B
od
( N )
OR Cone = %.\(6)

i)  With dielectric as the medium

| When a dielectric is inserted between the plateé of a capacitor, then it is seen that the charge storing capacity of a
‘capacitor is enhanced by the dielectric which permits it to store ¢, times more charge for the same potential difference.

& is a dimensionless quantity which is always greater than unity for dielectric and is independent of the size and shape of
the dielectrics. It is called dielectric constant or relative permittivity. ' '

In case of a parallel plate capacitor completely filled with a dielectric the capacitanée is

€.,6.A
cmd=—°§ﬁ oo (11.32)

Dependance:

Eq 11.32: shows the dependence of capacitance up.on the area of the platf:s, the séparation between the plates and

the medium between them. The larger the plates, the closer they are and higher the dielectric constant of the separating
medium the greater will be the capacitance of the capacitor. : ’

Relative Permittivity or Dielectric Constant or Specific Inductive Capacity (g,)
- &
o= e (11.33)

“The ratio of the capacitance of a capacitor with a given material Silling the space between the conductors to the
CLapacitance of the same capacitor when the space is evacuated is the relative permittivity & of the material, "

Q.24 Describe series and parallel combination of capacitors,

D.G.Khan - 2017, Rwp - 2017, SGD - 2017

Combination of Capacitor: | . |
' We know that the capacitors can be connected either in series or in parallel. We want to find out an equivalent

capacitor that has the same capacitance as that of the combination of capacitors, . »

Series CombinationlofiCapacitors: Ik

Definition:

When the capacitors are connected plate to plate i.e. the right plate of one capacitor is connected to the left plate
of the nex; capacitor so on as shown in fig: 11.30 (a) it is called series combination,


https://v3.camscanner.com/user/download

|

Unit 11 [Electrostati
—

28
Properties:
i. Charge on each capacitor in combination will be same. +|Cl‘ \ ﬁ’ C,
' ’ 4 — +
A battery of voltage V is connected between points A and B. Then it +| - 4= :I =2
'supphcs +Q_ chqrgc to the left plates of the capacitor C and -Q charge is " I‘ *I I" *l -
induced on its right plates. As a result of this charging cach capacitor gets ‘”h-
an equal amount of charge Q on cach of its plates.
Q=Q=Q=Q v
ii. Potential difference on each capacitor will be different. Series compblnafion of coachiom
V, = '9' J, = '9' , = 9’
= T T gy |

iii.

Definition:
When two or more capacitors are cenncc

in a circuit, as shown in fig: 1 1.30(b), th
capacitors.
Properties:

.
1.

.

1.

4)

The potential difference V must be equal to the sum of potential difference, Vi,
V=V, +V,;+V; (i)

V, & V3 across the capacitors i

NPT e ¢ IeN |
We have V C, 4 s +C3
1 1 |
[ — Ll b
orV Q(C|+C;4C;)

al~nt capacitor, which would

Let Ce be the capacitance of equiv
fference V is applied. That is

hold the same charge when the potential di

Q

V=C,
Therefi = (""‘+'l'+—l“
refore C,MQ c, Tc e
| 1 ] I
OrC(_C; +C1+C3 ... (11.34)

-
1y ‘
parallel combination of capacitors

S The equivalent capacitance of a series combination is always less
than any individual capacitance in the combination.

» By connecting more capacitors in series combination, equivalent

capacitarice decreases.

capacito

ted between the same two points
en it is called parallel combination of

ween the plates of each capacitor is the same

The potential difference bet
otential difference Vv

and its equal to the applied p
ie. V=Y4=Vas Vs
The charge on each capacitor

capacitance.
Q=CV, Q= C;V,Q =GV
Sum of the charges o1 different capa
supplied to the parallel combination.
: Q=Q* Q: '*" Qs :
o cV=CV+CGVt GV
Ce=C + Cy+ C;
» Thus the equivalent capacit
larger than any

will be different, depending upon their

citors is equal to the total charge Q

= (C[ i C: + CJ)V

ance of a parallel combination is

always individual ~capacitance in = the

densities.

ITIS

dielectric

cr

Cl
polar Nacl

Ccr

Polarizaticn of a dielectrlc In an electric
fiald gives rise to thin layers of boun
charges on the surfaces, creating
positive and negative surface chargé

_3

combination. _
» By connecling more capacitors in parallel combination,

equivalent capacitance increases.
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Polarization of dlelectrics. What Ir the effect of polarization

Electric Polarization:

When a dielectric material is p,
dielectric are slightly dbplacertl;:iiepdhi: an electric field, the negative and positive charges of atoms/molecules of
Explanaﬁon . | omenon is called polarization and the dielectric is said 1o be polarized.

When insulating mat fal wi :
parallel plates of a capdcitor.c'?l?(l:;:v"h relative permittivity (or diclectric constant) t, is inserted into an initially charged
dielectric as shown in fig11.31. Ty, negative charges appear on the left face and positive charges on the right face of the
under such condition. The char ’ phcnomF non is known as clectric polarization and diclectric is said to be polarized
54 Kppsannithi diclcctrigc;a:n the dielectric faces are called induced charges; they are induced . Gy cxlcmfll
feld due to induced charges is right 1o on " | S1ectric field from the free charges is left to right whereas Qi

Molecules in the dj ' .
of the.charged capacitor (E‘:)l)cctnc material have their positive and negative charges separated
opposite to the external chClri(’: f;:;!:l.;lng t-hc molecules to be oriented slightly. As electric fiel
capacitor. SO 1t reduces the intensity of external field due to oppos

slightly due to electric ﬁcl'd
d duc to induced charges 15
itely charges plates of the

Dipole:
| “The system in which two charges of equal

magnitude but of opposite sign separated by the ¢ s
distance.d, are present is termed as a dipole. "

OR ' Myelin stidath

) ] SO = ndatet a
Two opposile point charge separated by a finite w ,"?"V;m‘
o slmulaic s or (1Zatons

distance d constitutes a dipole, "
Electric dipole moment is represented by P, which
is equal to the product of the charge q present in the
dipole and the distance d between the two charges
of the dipole.

P=lqgxd
It is a vector quantity.

We know that die i i ‘
) lectric materials are made An axon membrane acts as a capacitor. Axon of a rasting human narve cell
has a potentizl difference of 65mV. Current enters the axon (cr dendiite)

up of the two types of molecules; polar.and non
polar molecules through lon channals (e.g. Na+ channels; in a region of membrane,
' dapolarlzing that region. The intracellular « charge is atiracted to adjacent

Polar Molecules: A_polar molecule behaves | negatively charged reglon of membrana. -

like a permanent dipole; although “electrically :
neutral as a whole. For example in NaCl the end with Sodium ion is positive while the end with Chlorine ion is negative.

Other examples are HE, HCl etc.

Non-Polar Molecule:
A non-polar molecule has no electric dipole moment in the absence of an external tield. The center of positive and

negativescharges eoincide in the absence of an external electric field. When a non-polar dielectric material is placed in an -
external field it gets'polarized, that is, it displaces the electrons to the cpposite of electric ficld E as shown in fig. Under

ieaction of external field the center of negative and positive charges shift and form dipoles

Q.26 Derive an Expression for Energy stored by the Capacitor.

lintAGapacitof |
" Canacitor is a device which is used to store the charge. In other words, it is a device for storing electric P.E.
Ccause veork is o be done to deposit charge on the plates against the repulsion of already existing charges. It increases
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the potential difference between plates and a large amount of work is needed to bring up next increment of
work done on charges is stored as electric potential energy.
Energy Stored in a Capacitor:

Let us suppose that initially the capacitor i
When it is-connected to'source of potential difference V, it is charge
capacitor is uncharged, the potential difference between the plates is zero Vi
Finally when charge +Q and (—Q) are deposited on the plates, the potential difference
between the plates becomes V (V= V), A : |
So, average potential difference V,, between plates of capacitor is: | .

s uncharged when voltage is zero. |
d. Initially, when the
= 0).

v, = 0+V _ lV‘
RN 2
Thus the energy stored in a capacitor, is
Electric P.E.=W=QYV,,
1
=Q(=V
| Q (,2 )
. - _OV .. :
Electric P.E. (Ug) =92— L (1137) .
d. Charge and

Where Q is the charge on a capacitor with a voltage V applie

voltage a o : . = ression |-
ge are related to the capacitance C of a capacitor by Q = CV and so the exp. .| Energy stored in the large capacir

is used to preserve the memory
of an electronic calculator when its

for U can be written in three equivalent expression as: .
QV o .
.UE = ) batteries are charged.
_(nyv
2
., ICV :
' U= =5~ . ... (11.38)
Put Q=CV = V.= Zinequation (11.37) ,we get:
_9
= Ue=3C

Electric P.E. in the Form of Electric Field »
It is also possible to regard the energy as being stored in the electric field between the plates rather than the

potential energy of the charges on the plates. Such a view point is useful when the Electric field between the plates is
considered rather than the charges on the plates causing the field is to be considered. |

We know that
V=Ed
and .
' A
e

Subs'tiiuting these values iﬁ .Eq. (11.38). We get
1 A
Ug =35 g (EdY’

oy ,
U=7esE x(Ad) ... (1139)

Enerqy Density:
The energy contained in a unit volume of the field is called energy density.
Let u denote the energy density that is, Then

- Energy U
Volume ~ Ad

I _—
u=- 2
255 E e (11.40)
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Charging and Discharging.a Ca pacitor;

Electronic flashguns for cameras have to be left
for a short period of time between flashes.

There is a capacitor inside that stores energy, it
needs to be charged up again by the battery in the
flashgun. The time taken for this depends on the rate at
which the charge is flowing, which in turn is determined
by the resistance of the circuit. It can take a ‘couple of
seconds before the capacitor is fully charged.

Fig (11.35) shows a resistor
called RC circuit,

capacitor circuit

c Swiich
‘_I closed
|

|

l
— Y
BovieN/iN
R
c

RC clrocult *

Q.27 Describe the charging and discharging of a capacitor. What is time constant? _

ql

4
Lorge RC
SmallRC

Growth cf cherge on the capactior

When the switch S is closed to connect the upper circuit, a battery of voltage

V, starts charging the capacitor through the resistor R.

The charge builds up gradually on the plates to the maximum value of q.

Suppose at t =0 charge on a capacitor is zero i.e. q=0.

It can be sh.own t.hz.u after time t, as charge builds up on the plates, it repels
more charge 1hz§n 1S amiving, and the current drops as the charge on the plates
increases. Charging will stop when the P.D. between the capacitor plates is equal to

the e.m.f. of the battery.

maximum charge on capacitor = capacitance x e.m.f of batte

r'\v

Experiments shows that the charging process of a capacitor exhibits the exponential

behavior therefore we can write its Eq: as

In principle, a capacitor can
never charge up fully,
because the rate of charging
decreases as the charge
increases. In practice, after a
finite time the charging current
becomes too small to
measure, and the capacitor is
effectively fully charged.

¥IFor YourInformatlon %,

qQ=qo(1-¢*) o (1141) o
Where ¢ is a constant. Its value is 2.7182 Fig (11.37) shows a graph between time t and | il
charge q According to this graph, q = 0 at t = 0 and increases gradually to its maximum i
value q,. '

: . e *q -q

The time taken to charge a capacitor in a given circuit is determined by the time -W_.—i
constant of the circuit. The bigger the capacitance, the longer it takes to charge the R -

capacitor. The larger the resistance, the smaller the current, which also increases the
charging time. The factor RC is called ‘time constant. The time constant is the duration cof
time for the capacitor in which 63.2% of” its maximum value charge is deposited on the | ¢

plates.
This can be seen by putting t = RC in Eq (11.41)

_ 1
9= (1-¢") =0, (1 _2.718)
q=q,(0.632)
a_ _ 100

o

4 632%

o

o (11.42)

Discharging a capacitor

Large RC

. Small RC

.0 ;f

Decay of charga of capacitor

The graph also shows that the charge reaches its maximum value sooner when the time constant is small.
Fig. 11.37: Illustrates the discharging of a charged capacitor through a resistor. When the switch § is closed the
charge +q on the right plate can now flow clockwise through the resistance and neutralize the charge ~q on the left plate.
Assuming the fully charged capacitor beings discharging at time t = 0, it can be shown that charge left on either plate-at

time t is

q=q, e o (11.43)

The corresponding graph in fig. 11.38 shows that discharging begins at t =

gradually, '

0 when q = q,, and decreases
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RC, the magnitude of chargc remaining

Smaller values of time constant RC lead to a some rapid discharge. When t =
each plate is, .

A q=q,(0.367)
Thus,
Lo367% . (11.49) ' . |
qo ) S
capacitors?

Q.27 What are applications of charging and discharging of
ApplicationsiofiCharginglandbischarging.o

The charging and discharging of a capacitor has many applications.
» Capacitor discharge ignition (CDJ) is a type of automotive electronic ignition system

which is widely used in motorcycles, lawn mowers, chain saws, small engines,

turbine powered aircraft, and some cars, it was originally developed to overcome the

long charging times associated with high inductance coils used in inductive ignition
systems, making the ignition system more suitable for high engine speeds (for small

engines, racing engines and rotary piston engines). It can enhance the capability of
power supply and make the spark much stronger.
> This is used as wind shield wipers of the automobiles.

Electronic Ignition Cdl

» It is used in electronic flashguns in cameras.
» 4 » Y FHds F
MCQ’s From Past Board Papers
1. Energy stored In Capacitor is given by the relation. .
I 1 | £,&E° L1 Ad
(A) = ot (B) — eot E* Ad ©) N (D) S8 2
2 2: . 2 Ad Pl
2. The product of resistance and capacitance is called:
(A) Force . (B) Time (c) Velocity (D) Current
3 Electron volt is the unit of: : ‘ ‘
. (A) Potential (B) Potential difference (C) Electric current - (D) Electric energy
4, Due to polarization, electric field E :
(A) Increases (B) Decreases .t .
(C) Firstincreases then decreases (D) Remains same :
5. If Potential difference across two plates of a parallel plates capacitor is doubled then energy stored in if will be:
(A) Two times (B) Eight times (C) Four times . . (D) Remain same
6. The energy stored per unit voltime in the electric fleld between the plates of charged capacitor with dielectric Is
1 2 1 E ' I 2 =
(AU =5 E B)U=7 E ©U=7 toxE OU=7 50—
7. Presence of dielectric always: .
(A) Increases the electrostatic force (B) Decreases the electrostatic force
(C) Does not effect the electrostatic force (D) Doubles the electrostatic force
8. The increase in capacitance of a capacitor due to presence of dielectric is due to of dielectric.
(A) electric polarization (B) electrification (C) ionization (D) electrolysis
9. Energy density in case of a capacitor is always proportional to: .
L e B (©)v* . (D) C
10. In a capacltor, energy is stored in the: _ ' A -
(A) magnetic field (B) electric field " (C) gravitational field (D) nuclear field
L1 A capacitor stores energy In the form of: R -
(A) Magnetic field (B) Heat energy (C) Electrical energy (D) Mechanical energy -
12. A capacitor of 50 pF capacitance hae P.D of 8 volt across its plates then charge on each plate of capacitor is:
(A)4x10°°C (B)4x10°C (C) 400 C. ' D 4x107C
13. When some dielectric is inserted between the plates of a capacitor, then capacitance. ) .
(A) Increased (B) Decreased (C) Zero ‘ (D) Infinity
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14. A capacitor Is perfect insulator for:
(A) Alternating current i '
B)D i
15, If medium of relative permimv(m)f &'{f?ri‘i??’be A i ol CRaIOICE S
) A _ nt between plates of a capacitor, the capacitance Is given by:
A g (B) Acoe.d © %Zn : , oyl
16. A dielectric material is pla &
(A) polarization P COd(g;tr\::t?fp p:ataa of parallel plato capacitor. Its capacitance increases due to:
17. In the time constant of RC circuit, ho \/:fca ion (C) magnification . (D)increased electric field
(A)0.37 Qo s much charge Is stored, out of maximum charge qo? g
18. farad is defined as: - it (€)0.63q0 . (0)0:80 @
Coulomb . ; ‘ '
A _\_/_o_lt— * (B) Ampere N Coulomb ©) Joule
. Volt Joul Coulomb
19, The increas ; oule _ oulomb ..
(1) Electic pi) ::ﬁ:::?acitance of a capacitor due to presence of dielectric is duo to _ of dielactric.
: on (B) Electrificati i lysis
c iia ion (C) lonization (D) Electrolysis
20.  Capacitance of a capacitor does not depend upon: :
(A) Distance between plates
(C) Electric field betw : B
s1e . (e SEoAFRRGHIES een plates (D) Medium between plates
; P t: ‘ on. etween the plates of a capacitor is doubled then its capacitance become
i'v z‘ Ol:“ i (B) Half (C) One fourth (D) Three times
22, en die ectric_ls placed between the plates of capacitor, The value of E batwaan the plates
(A) Increase (B) Zero (C) Decrease (D) infinite -
23. Capacitance of a Capacitor in Vacuum Is given by
A : = A
Ay 2L - Ag Ad V-3
™ B ©, O
24, The product of resistance and capacitance Is equal to: g
(A) Velocity (B) Force - ~ (C) Acceleration (D)Time
25. Coulombl/volt is called:- : h.
(A) farad ‘ . (B) ampere . (C)joule (D) henry .
26. A capacitor of capacitance 'C' has a charge ‘@' and stored energy Is ‘W'. I the charge Is Increased to 2Q". The stored

energy will be:

¥y ®)% (D) 4W

1.B 2.B 3.D 4.B 5.C 6.C 7.B 8.A 9.A 10.B |11.A [12.D
13.A |14.B |15.A [16.A ]47.C |18.A 19.A 120.¢ |21.B |22.¢ |23.A |24.D
25.A | 26.C

1 Q 1 q9, 1 949
’ —_—————— F — —_——
Coulomb’s Law vac 41‘[80 r2 med 47"';03: I’z
——
2 1
Electrostatics constant k= p : g
. nso
3 - ’ F - =
Electric intensity : E=-— E= E
d q
4 || Electric intensity due to poirit E= 1 _ﬂ_' E= 1 o
charge : 4me, 1’ 4ne, - '
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|

A r:../»'/’ ¢=EAcos6
5 |l etectric flux /t’ d’“EA : :
//
: losed =3 B
6 |[Electric flux through €l0s _‘t’_—_f/J N
) 0
surface - __—— ______1_______-—--—'
| ; =—x(Q)
7 Gauss’s Law for electrostatics ¢ £,
I
8 : o=
Surface charge density A
g || Electric field intensity insidea . [[ g = o .
hollow conducting sphere
10 || Electric field intensity due to e o E= o ;
infinite sheet of charge - 2e, 2¢,
71 |[Electric field intensity between = i
Il two oppositely charged parallel || E = — E=—oT1
plates 0 £
2 . W AU~
Electric potential difference AV =— AV = 4
: q 3
13 || Relation between electric .
potential energy and electric AU =qAV
potential difference
14 || Relation between electric AV ,
intensity and electric potential ||E==— V =Ed
difference Ar
15 |[ Absolute electric potential V= W
difference q
16 ' .
® || capacitance af capacitor q=CV C= %
17 || Capacitance of parallel plate c = Ag, c At g,
o vac — T
capacitor 2 d d
Dielectric constant, & = C“d € = Emed £ = E,
« ~ vac - E, TR
S méd
1 e
9 Energy stored in capacitor E==qV e lCVZ B 1g?
4 ‘ 3 2 - 5 C
20 . —— 1
" || Energy density of electric field = EgogrEz
21 || RC-time constait t=RC
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UNITS
1 Electros'tatics constant (k) Nm2C?
2 Pe'rmittivity of free spa;:e . ' C:N'm™
3 | Relative permittivity ' no unit .
4 |Electricintensity i | N/C V/m
|5 |Electricflux ' Nm’C"’
6 | Surface charge density - c/m*
7 Electric potential difference Jjc | volt
8 | Electrical energy . | ' eV
g9 | Capaeitance | ‘ c/V , farad
10 | Dielectric constant : no unit
1 Energy density Jjm?
12 | RC-time constant : - | second
CONSTANTS
1 Electrostatics constant(k) | 9x10°Nm*C™?
2 Permittivity of free space 8.85x107*N'm=C?
3 Relative permittivity of air 1.0006
a Relative permittivity of free space 1
5 Charge on electron 1.6x107°C

.c000@@O00Ge .-
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L)
'

¢ charges 1S’ directly proportional 10 th
| to the square of the distance betweey

TN

tric'forcc bctwecn_two 1_301:1
sely proporuona

s and inver

omb law the elec
e an electro|

des of the charge

a charge iIn W
be prove

t charge would experien¢

According to Coul
into its field-

product of magnitu

them.

An electric ficld is a region around

force. The existence of electric field can
s ar¢ photocopier

¥ quantity.
f lines of force that pass through the ar

lectric tes

hichan € (
ging a test charge g0

d by brin
and inkject printer.
ea placed in the

The appliczitions of electrostatic

For clectric flux ared is considered as vecto
@ is defined as the number 0

The clectric flux
electric field. @ = E-A= EAcos. A :
When area A is normal 0 the electric field E then electric flux is maximum.
y closed surface is 1/ & times the total charge enclosed
pacitor. The SI uni

The electric flux through an
hich is used for storing electric charges is called ca
s1eV=1602 107 1.

in it.
t of capacitance i

A device W
called fared. ‘ .
The electron volt (¢V) is another unit of energy and is related to joule 2
made up of the two types of molecules; polar and nonpolar molecules. .
¢ sign separated by the distance are

The dielectric materials aré
harges of equal magnitude but of opposit

The system in which two ¢
present is termed as a dipole.

en the plates of a capacitor is in the form of electric field.
nential behavior so we can writ

U= -;—.‘:ré‘.Ez x (Ad)

The ehorgy stored betwe
ocess of a capacitor exhibits the expo e its Eq: As

The charging pr

-(/I\’C)
n which 63.2% of its imaximum value charge |

g=g.(1-¢
The time constant is th

is deposited on the plates.

e duration of time for the capacitor i

Example 11.1:

Solution: -
r=30cm= 30X 1

Find electric field at a distance of 3

0%=0.3m.

3% 10°C

g=3pC=
Using electric field intensity formulae

.
Tdmer
1x10°C -

X1 NMC
Ox18"Nm T Crp 5,y

_—;3x105NC—-l-
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Example 11.2:

I(;z‘;sﬁ)l:ll s'f.)lllleres, each having a mass of 0.1g is suspended from a point with the help of threads
g They are equally charged and they repel each other to a distance of 24cm. What is the
charge on each sphere? » : .

Solution: g e |
Fig: 11.3. shows that two charged spheres B and C
which' are separated by distance r due to force of repulsion F
i.e., Sincc two spheres are equally charged so let charge on each
sphere = q ' A
Separation between spheres is r = 0.24 m

Mass of spheres in m =0.1g = 1x10~ kg,

Length of threads = £ =20cm=0.2m

2
F=r4
. r2 .
2
Putting values F=9x10°—9 _
- (024 | 3
F =156.25x lO?qz () . force between two charge spheres
Each sphere is under the action of three forces: c o
trostatic force F. Considering the

(1)  Weight mg is acting vertically downward, (2) tension T, and (3) elec
sphere B and resolving 7 into rectangular component, we have,

" mg=Tsin® ...(2); F=Tcos® ...(3)
Dividing Eq; (2) by (3) we get
tan0="—2 .. (4)

By Pythagorean Theorem AD” = AB2-BD?

or 4 AD =+ AB*— BD? =,J(20) -(12)’ =16cm

AD 16
tanf=—=— .....(5
fromiig BD 12 ©)
Comparing Eq: (4) & (5) we get.
Ly
12 F

~or F=1—%mg=0.75mg=0.75x10’4x9.8=7.4x10'4N
16

Putting F = 7.4 x 107 N in Eq: (1) we get
' 7.4x10™

p 9 42 = 4 10_4 ¢ = e AE1nY
,156'25x 10gs. = 18 o 4 =156.25x10°
q=6,9x10'8C

=4.8x107"

Example 11.3:
" A metallic sphere of diameter 30¢

(a) at a distance of 50 cm from the centre 0

m carries a charge of 600 p C. Find the electric field intensity
f phe ad (b) at the surface of sphere.

w7

ETLTRTED

‘SolutiOn: |
The electric field due to a charged sphere has spherical symmetry.

Therefore, a charged sphere behaves for external points as if the whole charge is placed at its centre.
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- UNIt 17 1= Ceirostay

‘m

l
>

T 50 cm

* 'Field intensity due to a charge sphere

e f charge from the sphere r = OB = 50cm
on sphere = 600pC =600 x 10° C

(a) Distanc
Chargc

Electric field intensity from the centre of the sphere is E= k——

600x10
—7

-2
(s0x107)
~21.6x106 N/C

=9x10°x

_d_ (e s rchm_
®  rey=n=T, =01m

Electric field intensity from the surface of a sphere E= k;qT
| ' 600x10°

(0x15)°

=24x10'N/C

=9x10° x

p—

Examele 114

Solutlon

We will use the equation: U=k 99, -
r
Putting values . e 9
| 0 oGt (7x107)(20x107)
‘ 0.02m
- U=6.3x107)

What is the electnc potentlal energy of a 7n C charge that is 2 cm from a 20 n C charge”

T e e e

Example 11.5:

What is the potential difference between two pomts in
move a charge of 2 C between these two points?

' Solution:

We will use the equation: . A V=;_V..

an electnc field if it takes 600 J of energ}" to
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Example 11.6: -
A point charge of 3uCis placed at point O between M and N, 3cm apart. Point M
charge and N is lem from the charge. What is the potential difference Vy — Vn? :

is 2cm from the

M ‘ "0 N -
. 0 N
1 2cm e 1cm N
S I |
Potential dug to a point charge

~ Solution:

Potential at M due to the charge is V,, = kL
r

Ix107

Vi =9%10° x —~=13.5x10°V
2%
Potential N due to the charge is
-~ -6 "
y, =0x10° x 220 Z97x10°V
_ 1x10 .
v, -V, =13.5x10° -27x10° =-13.5x10°V
Example 11.7:

Four point charges of +0.021C, - 0.0.3p.C and +0.04‘ pC are placed at the corner A,B,Cand D of

a square ABCD respectively. Find the potential at the ccntre of the square if each side of the square is
1.5m apart.

+0.02uC . +0.04pC
NS 1B

Solution:

Fig: Shows the square ABCD with charges placed at its corn
. 0. Clearly, point O is the centre of the square. The distance of each charge from point O is

=2(1.5) +(15)" =1.0606m

ers. The diagonals of the square intersect at poir.


https://v3.camscanner.com/user/download

>

—rg 253 e . M ‘smatediadiad o
™ lal at point O due to all CharBes i equal to the algebraic sum of Potentials due g each charge .
e pOt;Dtm"_a' at O due to all charges. .

(o}

y=k i’i+ﬁ+g‘l+z"-}
T, ry rC rD

Putting the values we get |
-6 -6
=9xlo°[°‘02"‘° L 04x10%  —0.03x10 N 0.04x10*]

=\

10606 10606 - 1.0606 ' | geps-
9-10° ' -
e (o.oz+o.04—o.03+o.o4)1o+] :
; :
- 19(‘)6186 x0.07x10™ = 5939y

Example 11.8:

A particle carrying a char
energy acquired by the particle, -

—

ge (3e) falls through a potential difference of 5V. Calculate in joules the

Solution:

The energy acquired by the charged particle is
A(KE)=gAV = (3e)(5V)=15eV
=]5><1.602><]0"9J=2.4><10’”J

Example 11.9:

Shows a different combination of capacitors, if the total charge is 6001 C. Then determine the
values of Vy, and C,.

C,
i}
C, {: 1?;1F
C, =8uF
e
< V, >le—V, =20V0—0u
oV o

Capacitors, C,, C,, & C, connected to potential V

L.._ T ——

Solution:
' . 600x107
P.D. across capacitor C, :¥, =—Q = —1—6 =40V
C, 15x10

Total p.d.: V =V, +V, =40+ 20 =60V
Charge on capacitor Cj is: Q3 = C3xV,
=(8x10)x20

=160-x10"C =160pC
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. Charge on capacitor C; is: Q; = 600 — 160 = 440 pC
400x10~

. Capacitance of capacitor C, = 20

=22x10" F = 22yF

Example 11.10: :
A 6 F capacitor is charged to a P.D. of 200V and then connected in parallel with an un-charged

3uF capacitor. Calculate the P.D. across the parallel plate capacitors.

Solution:

- Capacitance of charged capacitor = C, = 6uF

Capacitance of un-charged capacitor = C, = 3uF

< Charge on capacitor, C, is: Q = C; V = (6x107) x 200 = 0.0012C
‘ The equivalent capacitance of parallel combination of capacitors is ‘

4 C,=C,+C,=6+3=9F. ' ‘

* ' The charge 0. 0012C is distributed between the two capacntors to have a common P.D.
0.0012
~.P.D. across Paralle] plate capacnors V= Z‘Q— = a0 133.3V

c000@ @00

s 500 &
/Q.1  Select the correct answer of the following questions.

0] A charge Q is divided into two parts ¢ and O-¢ and separated by a distance R. The force of
repulsion between them will be maximum when:
(@) g=0/M (b)g=0/2 ©q=0 (d) None of these

(i)  Some charge is being given to a conductor. Then its potential: '

: (a) Is maximum at surface

(b) Is maximum at centre
(c) Is remain same throughout the conductor
(d) Is maximum somewhere between surface and centre

(iii)  Electric potential of earth is taken to be zero because the earth is good:
(a) Semiconductor (b) Conductor (c) Insulator (d) Dielectric

(iv) A proton is about 1840 time heavier than an electron. When it is accelerated by a potential
difference if 1 KV, its kinetic energy will be:

| (a) 1840 keV (b) 1/1840 keV (c) 1 keV (d) 920 keV

v) A capacitor is charged with a battery and then it is disconnected. A slab of dielectric is now

inserted between the plates, then:
(@) The charge in the plates reduces and potential difference increase

(b) Potential difference between the plates increase, stored energy decreases and charge remains the

same :
(c) Potential difference between the plates decreases, stored energy decreases and charge remains the

same
(d) Potential difference between the plates dccrcascs stored cnergy decrease and charge remains

unchanged
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(vi) A one microfarad capacitor of a TV is subjectéd to 400 V potential difference. The energy storeq
' . ' . e 5 5
::)c;gacltor Is: @167 i 13 J‘ (@) 2 % 10°7
- (vii) In the figure below, the charge on 3pF capacitor is:
' 2uF 3uF !JGFF |
— M —
+10 V- L
o—
(@) SuC - (b)1opuC ©3pc (d) 6pC .
(viii)  The electric potential between two points A and B is AV. The work done W by the field in moving
a charge q from A to B is: ‘
(a) W=—q AV (b) W=g AV (c)W=-AV /g (d) w:—- AV Iq
“(ix)  The electric flux through the surface of a sphere due to a charge q placed at its centre depends
upon: o . | .. |
(a) the radius of the sphere | ’ (b) the quantity of charge outside the sphere
(d) the quantity of charge inside the sphere

distance 8.00 m apart the electric field between the plates is
f charget 2e is

and has a magnitude of 4.00 N/C. If an ion 0 _
rgy when it reaches the right-hand

' (c) the surface area of the sphere

(x)  Two parallel, metal plates are 2
uniform, directed toward the right,
released at rest at the left-hand plate, what is its kinetic ene

plate. oo _ ‘
(a) 4 eV (b) 64 ¢V S (©)32eV @ 16 eV
0 DpLio : ‘ R .. 5y el Mr’zﬁt e PLANA T
M |® [¢=272 e
As Q is divided into q; = % and q; = % then the
product of q and qz will become maximum. So F
, will also become maximum. (i.e. q; : g2 = 1:1)
(i) . | (c) Is same through out the As the charge will uniformly distributed over the
conductor surface, so potential become constant through out
the surface. , o
(iii) | (b) Conductor The Earth’s potential is zero because it is- large
o« Il sto;ehousg of charges and addition or subtraction of
_ charges will not matter significantly.
@iv) () 1 keV AsK.E=gAV
' = = (le) (1kV)
. : =1keV -
» |© Potential difference between | By placing dielectric between plates of charged
the plates decrease, store_d capacitor, ' ,
energy decreases and charge | © g = constant even thought its effective value
L | remains the same decreases. A
' oV will decrease, as E decreases by &,.
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e U will also decreascs as, energy storcs in. 1t

electric field (i.e. U = 5 coﬁrﬁz-‘\d)

o) @ [81

1 — o5 -
_ , U paetndvice <L Y
i (i®) —0pe | T 1 1 159024
: : . a=5+§+\6 _6-+—
Cc = I“C v
Q=CV - ol . *
= (1 x lO“C)(lO)(l)
A = 10 uC g
T , In series = %[q = lﬂp.C
wii) [0)  [W=g AP A=y ,
- : As AV = ?
® @ |o W=V d
% € quantity of ch , T
the ;lpherety 0 CHETESinside As cb = -q‘ (for a closed surface)
Sodexcqg (when qis amount of change enclosed)
®) 64eV. . | AsKE=qAvV
‘ =q (EAr) -
= (2¢) (4 x 8V)
=64 eV

State and explain coulombs law. Do include the case when the charges are placed in dielectrics.

. Discuss how the unit of charge coulomb is defined?

Ans. See Theory Question No. 1

2 Explain the concept of electric field and hence define electrlc field intensity. Discuss the
direction as well as the unit of E .

Ans:  See Theory Question No. 2

3 Explain the concept of electnc flux. Using mathematical expressions of electric ﬂux to how

‘ electric flux is maximum and minimum. :

Ans. See Theory Question No. 7

4. State and prove the Gauss law for electrostatics. Also discuss its applications with daily life
example.. :

Ans: See Theory Question No. 10 _

5. Explain the concept of electric potential. Derive an expression for electric potential at a field
point due to source charge.

Ans.  See Theory Question No. 15

6. Describe the Construction of capacitor and derive an expressnon for the energy stored in a
capacitor.

Ans,

See Theory Question No. 26

(%3 CamScanner


https://v3.camscanner.com/user/download

Unit 11 [Electrostam-:,'l

44
7. Describe the concept equipotential surfaces and derive an expression for electric field ag
4 negative of potential gradient. A
Ans: See Theory Question No. 17 ) ' N
8. Explain the phenomenon of electric polarization. Discuss how the phenomenon of polarizaTio\
account for the increase in capacitance of a capacitor when instead of air, dielectric is lmserten
between its plates? ‘ , ¢
Ans: See Theory Question No. 25 o
9.  Derive an expression for the capacitance of a parallel plate capacitor when a dielectric |y
inserted between the plates of a capacitor. : :
Ans: See Theory Question No. 23 >
10.  Describe .the process of charging and discharging a capacitor. Give the diagram ?nd
mathematical expressions for the growth and decay of charge on the capacitor.
Ans: See Theory Question No. 27 : b

4

The electric potential is constant through a given region of space. Is the electric field zero or non-zeroﬂ

this region? Explain.

Ans:

Yes Electric field is zero in this region.

Reason:
As electric field strength can be defined as the negative of potential gradient.

o _-av
L E == = ()
Since the potential is constant in given region '
ie. V = constant
SO AV =0
and eq (1) becomes
AV 0

Ez—E:E:O

so[E=0]

ge g of mass m is released in non-uniform electric field with field lines pointing in the same

If a point char
motion?

Ans:

direction, will it make a rectilinear
Yes, the charged particle will make a rectilinear motion.

Reason: .
When a charged particle is placed in an electric field, it will experiences the force at that
point. So
g=E
q
: F=qE
As the field is non-uniform (field lines are not paralle! anq not equally spaced) but pointing in the same direction.
So it must be only due to point charge (+ve or -ve) which is a radial field. So the path must be rectilinear.

What. is the relationship between voltage and energy? More precisely, what is the relationship betweer

Ans:

potential difference and electric potential energy?
Both of them are closely related with each other.
Explanation: |
nd B are oppositely charged. A positive test charge of very small magnitude and

Let two plates A 2
m A to B. So the work is done in bringing it from A to B, which is stored in form of

dimension is displaced fro :
potential energy. This work done per uriit charge is called potential difference

V'S
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-

So AV /Y]
-qo
Since W,z =AU

B + - : +
So AV=& : J F=q,E jv
: Qo :

%

:I.:;::e:::n E;’e:ﬁpmentia! €nergy per unit test charge in ;:alled potential
potential diﬁ'eren € potential energy is possessed by the charge where as the A
ce is the property associated with electric field.

I 4. Voltages are always measured between two points. Why? : .

Ans: Voltage ls. always measured between two points because it is a relative quantity.
Explanation:
fArs we can d?ﬁne the potential difference between two points as the work done in bringing a unit p0_siti.vc charge
om one point to another point against the direction of electric field by keeping electrostatic equilibrium. Thus
work c!one Is stored in form of potential energy. Which is a relative quantity. So this change in potential energy
per unit test charge is called potential difference.

Wan

%@
AU
AV = %

5 How are units of volts and electron volts related? How do they differ?
Ans:  Voltis the unit of potential difference where as electron volt is the unit of energy.
Explanation: = :

o Volt: Potential difference of one volt exists between two points is work do
one point to another, keering electrostatic equilibrium is one joule.

1 volt ~—Lioule ( AV='(']‘%')

1 coulomb ;
° Electron Volt: One electron volt energy is define as the amount of energy acquired or lost by an electron as it
traverses a potential difference of one volt. .
leV=(le)(1V) (- AU=qAV)
1eV=(1.6x10""C)(1 V) '
leV=16x10""]J

Difference
Electron volt is the unit of energy, where as volt is the unit of change in energy per unit test charge (p.d).

6. In what region of space is the potential due to a uniformly charged sphere the same as that of a point '
charge? In what region does it differ from that of a point charge? ‘ 3

Ans:  Electric potential due to uniformly charged sphere at point outside the sphere is like electric potential due to';:
point charge whereas at a point inside the chargeq sphere is constant but similar to a point charge. \

So pote_mial difference between two points is given as Vg =V, =

ne in moving unit positive charge from-

Explanation: - .
Consider a charged sphere for which charge is uniformly distributed over its surface.

o~
Lo Ce
i e
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Out side the charged sphere Inside the charged sphere
. g
AsE aneld n
N | q E = 9
E inc, ri dney é
E=0 (~q=0)
Also AV = EAr
& 1 q AV = (0) Ar
‘ V = Constant
V= l_ 4 I
4neg N ‘ So v == L\
Which is same as duc to a point charge. o "t
Which is not same as due to a point charge.
7. Can the potential of » non-uniformly charged sphere be the same as that of a point charge? Explain.
Ans:  Yes, the potential of non-uniformly charged sphere is same as that of point charge.

Explanation: (outside the charged sphere) .

In general, clectric potential due to non-informly charged sphere can not besame but in special cases like our
point is far from the sphere then we can take it equal to the potential due to.a point charge.

Inside the charged speed.

Where as at a point inside the non-uniform distribution on sphere) The charge has different amount in different
parts of the sphere and there would be a resultant electron ficld in the interior of sphere so the electric potential is
same as that of a point charge. . g

What is an equipotential line and equipotential surface?

Ans:  Equipotential Line:
An equipotential line is a line joining pointshaving the same potential.
There will be no work done in movifnga charge along the equipotential line between two points Equipotential
lines are always perpendicular to the'electrig field lines due to charges.
Equipotential Surface:
Any surface with same electric potentia! at every point is called equipotential surface. Electric field lines are
always perpendicular the équipotential surface and hence the work done in moving a charge between two points
on an equipotential surfiace is'2ero. (due to a point change)
electrnic lield
B AR line
e |
+ : : O S Y |
1 | . [
. U S S S
N
+ S U T T T T
o T 5 2 B 5 equipolential
A= 1= line
equi potential electric field
surface line
9, Can different equipotential lines cross esch other? Explain.
- Ans:  No, different equipotential lines will never cross each other,
Explapation
If equipotential surfaces intersect then t‘hc_lr corresponding electric ficld lines also intersect which is not possible.
Otherwise, electric field (a vector quantity) will have more than one direction at a point which is not possible.
P, . .
A\ =
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I 10. Water has a large dielectric constant, but it is rarely used in capacitors. Explain why?

Ans: (i)  Pure water is a non-polar dielectric. Water molecules are moving randomly. They are not tightly bo'ur:‘ld -
each other. In an electric field the water molecules are polarized. But they are not at rest and cannot in u;, :
charges to produce electric field like solid dielectric. The motion of v'vater molgcules varies the capacity ot a
~ capacitor continuously. Therefore water cannot be used as dielectric in a capacitor.
(i) Water can produce corrosion to plates. '
(iii) It can ionize the plates or any salts within capacitor.
11. A capacitor is connected in series with a resistor and charged. Explain why the pofential difference across
the resistor decreases with time during the charging. :

Ans:  Potential difference across the resistor decreases to conserve the energy.
Explanation

For an RC circuit connected with a battery (source). According 10 conséervation of energy, the source voltage must
be equal to voltage drop across the capacitor and voltage drop across the resistor. So by KVL;
ie. Vg= Ve + Vr - X

Vs=%+1R

As the charge stored q will increase then voltage across capacitor V¢ (-’— %) will also increase. So Vg (= IR) will

decrease in order to consgrve the energy in series combination.
12. Sketch the graphs
capacitor.

of potential difference against time for (a) a discharging capacitor (b) a charging

Ans:  Charging of capacitor:

R C
—

A=

\s

&

|1
: | f
When switch S is connected with terminal A, the capacitor will start to charge. The value of charge ‘q’ in any
instant ‘¢’ in terms of equilibrium value of charge ‘qo’ can be expressed as q = qo (1—¢ ~URC
with time ¢ is exponential. As q=CV (q« V). So V=V, (1-¢ =Ry,

)- So increase in charge

< —»

t— - »
'Discharging of capacitor:

itch S is connected with terminal B, the capacitor will s i )
When the switc p % ill start to discharge. The charge q at any instant
‘¢’ interms of cquilibrium values can be expressed q=qg e K | ; p

Decreases exponentially with time. As q < V, So V=V, "¢
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t
13.  Compare the formula for capacitors in series and parallel with those for resistors in series and paralle|
explain why the pattern is different. . '
Ans:  For Series combination:
Resistor in series Capacitor in series j
R, R, R _{CJ C, G
® l|=]2=l_~; ® Q1 =q2=q; ;
° VizV,2V, VizVy#V,
o V=V, +V,+V, V=V +V,+V,
e IR=IR|+]R2+IR3 ° ‘g__.ﬂ._*_i_,__g.
° R=R,+R,=R; , C C G G
° cquivalent resistance is greater than each individual 1_1 +_1_ +_1_
resistance. ' W6 GG G o
° equivalent capacitance is smaller than individual
capacitance.
For parallel combination.
i Resistors in Parallel Canacitor in Parallel
R, C, .
A c,
] 1|
: R, LI
LA —— c
| [
. I
° Vi=V;=V; ° Vi=V;=V;
o I|¢Iz¢13 e Q#q2#q3
I=h+L+] ° 9707 RTa
\V Vv Vv VvV -0 CV=CV1 +CV2+CV3
> E:R—l"’-ﬁ;‘f‘z = o C=C|+C2+C3
{1 ° Equivalent capacitance is greater than each
> R-r* R‘ - R individud capacitance '
R . )
® Equivalent resistances IS smaller than each
individual resistance 25
14. Explain why capacitors are of little use for storage of energy for normal domestic purposes of ligbtini]
heating and se on. ’.
Ans Capacitors are of little use for storage of energy for normal domestic purposes due to following reasons.
° There is a limit of charge which can be stored on the plates of capacitor during it charging. _
® . Asthe charged capacitor is connected to a load, these potential difference can not remains constant across ends of
N a capacitor for a longer time. a
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____ Numerical Problems ..~

/’——*\‘——__—/

what is th

' and Its lnn.o :\“l:l:ltude of the force of attraction between an iron nucleus bearing charge g = 26e
st electron, if the distance between them s 1x10~"’m.

P EEE_

Given Data:
Charge on electron q; = 1.6 x 10-" ¢
Charge of nucleus gy = 26¢ = 26 x 1.6 x 10" C=41.6x 107 C
Separation=r=1 x 10-1* 1, '
Coulomb’s constant = k = 9 x 10° Nm? 2

Toﬁnd:
Coulomb force F = 2

Solution:

By Coulomb’s law F= l‘ﬂlﬁﬂl

5 _ (9 x10%)(1.6 x 10-™)(41.6 x 10*°)

putting values: =

(1 % 10—11)2
= F=599x10 N
F = 6x 10'3]\T]

2. Charges 2uC, =3C, and 4 pC are placed in air at the vertices of an equilateral triangle of sides
10 cm. what is the magnitude of resultant force acting on 4 pCcharge?

Given dada:
q = +2uC=2x%x10"°C

@ = -3uC==-3x10"°C
Qg = +4uC=4x 10°°C
r =10em=0.lm
= = _ TOIR PPN
k e, 9 x 10° Nm*/C Q= + 44C
To Find: Coulumb force F = ?
Solution:
Now, the repulsive force oneharge 4uC due 1o gy is given by ch
i 1 ~
Fy = 4ne,
0310° 02 x 107 x4 x10™° 2
‘ = = 720 -3 UO

F, & 72N ... (1)
Simifarly, the repulsive force on 4 uC due to q; 18!
4 qugy 9x10°x2x 1070 x4 x 1077
"2 = dmea P (0.1
F, = 108N ... (2)
Sincc,'thc triangle 18 cquilz:lgrz:l tnangles, 50 cuL:h force Fy and F, making angles ¢, and
are 60°. The x-component of the resultant force F on 4 pC s

= 10800 x 10™'N

v X-aXx
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Fx = Fix+Fa = F; cos 0, + F, cos 0,

Fx = F) cos 60° + F; cos 60°

Fx = 7.2x05+10.8x0.5

Fy = 36+54=09N e (3)
Similarly, y-component of the resultant force is:
F,\‘ = Fiy+ Fay = F) sin 0| = F; sin 0

Fy = 7.2 x sin 60° - 10.8 x sin 60°

Fy 7.2x0.866 —10.8 x 0.866

Fo = 62-94=-32 .. (4)
Magnitude of the resultant force is,

F = AlF +F =07+ (=3.2)'=/01.24 =9.55N

To find the direction, we have ¢ = tan™" -II;Y =tan~' (— 192) = 379°
X

Il

If you want to get answer of the book, then take all charge positive.
1.c. q = 2uC
2 = 3 pC

Qs = 4puC

A charge q is placed at the centre of the line joining the twc charges, each of magnitude Q,
Prove that the system of three charges will be in equilibrium if g = -Q/4. :

Given Data:

Separation between charge gand Q =r
Separation between charge Q and Q =2r

To Find:

Prove q = ‘§= 7

Solution:

From coulomb’s law, the system will be in equilibrium when; .

Foo *+ Foo=0

' q
" kqQ., kQ.Q _ kgQ kQ'_ - o °
s —?:Q+é2r)g_o = r% +'§'—0 [ R— | P PO  —

L A

.q+%=0

| l ) ‘ ‘
the

4.

site charges of magnitude 2 x107 C are placed 15cm apart. What is
ctric intensity (E) at a point mid-way between the charges? What

e =+ 1.6x107"° C) placed there? —

Two equal and oppoO*
magnitude and direction of ele
force would act on a proton (charg

Given Data:

Charge=Q=2x12""C
Charge=-Q=-1 x 1077C
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Separation r = 15cm = 0.15m

(Subjective) ' 51

Atmid-way d; =d; =g=X_0.15

27 2 =0.075m

Coulomb’s constant k = g y 19 Nm?c
o Find: _ .

Net electric field E,, = 2

Force on proton Fp = 7
0|f|tion:

i t point PE and E ' |
Since @ . e
S "Q_) - @ has same direction i nAtoB. fherefore.

Ervt = Eans m .
. net . +Q + E Q - (l)
The electric field intensity due to positive charge at point ‘P is

The electric field intensity due to negative charge at point ‘P’ is

- . .
E_q =k ﬁ& ' | -
‘ gz 4 E A A —
_ . ———r=0.15m————
R 82 a. chereforc, w—d,=0.075m—s—d,=0.075m—~
E-q = k=3 (@)
L 2
g A
Eq =k d%(dl)——)(iii)

Putting equation (ii) and equation (iii) in eqﬁation (1), we get
2194 Q4
net dedl +k d2d1 (an1—d2—d)
1 . 2 .

_) A A
Hence, Epa = k%d, +k (‘%dl

=g A
OR Enc( = 2k d2 d]

OR inmagnitude: E= 2kdg2

Putting values
2% 1077,

Bt = 10° d
En,t.-,-2x9x xm 1
Ei = 6400 x 10%d,
= 0.64 x 10°d; NC™’ SR
‘As the direction of d, is along AB therefore the direction of electric field at point ‘P> will also be along
AB. '

_)
r:?P = Epet X Qp
Putting values:

Fo=0.64x 105 x 1.6x 107"
Fr=1.024x10"2d N
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5. Two positive point charges of 15x1 0-" C and 13%107"°C are placed 12cm apart. Find the worj \ i
done in bringing the two charges 4cm closer. :

Given Data:
Charge q; =15x 107'°C
Charge g;=13x 107'°C
Initial: Separation r = 12cm = 0.12m
Change in distance Ar = 4cm = 0.04m
Final: Separation R = 0.12m — 0.04m = 0.08m
Coulomb’s constant k = 9 x 10° Nm? C™
To find: '
Work W=7

Solution:
The work done in moving the charge is

1 1
W = kq;qz[‘;——R']
putting values

W

_.'___1_]

g 10 L -10
9x10°%15x 1079x 13 x 10 [0.12 0.08

I

W = 7.318x107°J
A hollow sphere Is charged to14uC. Find the potential (a) at its surface (b) inside the sphere(T)

6.
at a distance of 0.2m from the surface. The radius of the sphere I8 0.3m.

Given Data:
Charge q = 14uC=14x 1076 C
Radius r=0.3m : :

Distance D = 0.2m
Coulomb’s constant= k = 9 x 10° Nm? C2

To find: :
(a) Electric potential at surface Vgur = ?
(b) Electric potential inside Vin =7
(c) Electric potential at 0.2m Voz2m =7
Solution: .
, kﬂ

(a) | Electric potential at surface V= .
14 x 107°

' _ 9
Putting values Vaur =9 x 10" x ™3

| Ve =42x10'V
(b)  Anexcess charge placed on an isolated conductor 'Wi]] distribute itself on the surface conductor, whether
_on the surface or inside come 10 the same potential. This is true even if the conductor has an internal

cavity and even if that cavity contains a net charge. Therefore, the electric potential inside the hollow

sphere will be the same as that on the surface.
Vip = Vg = 42 10' V]
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Q) The electn 1
( ¢ potential at 0.2m from surface of hollow sphere is Voam = k 4
Wherer =r+D therefore | r‘
T
Putting v -
ing values Vm=9x109Nm2C'2X(;;“+02C
.Jm A

(Vw=252x10°V]

. If 280 J of w
7 another placgl’:[:: done in carrying a charge of 2C from a place where the potential is —12V to

re potential is V, calculate the value of V.
Given Data:
Work W = 280)
Charge  q = 2C
Potential V, = —j2v =~
To find:
Potential Vg =2
Solution:
By definition of electric potential A =%
‘ , \\Y
o8 Va-Vas
J
OR g VB = % & VA
Putting values: Vg = %gj + (=12V)
Vp=128 V
B. Calculate the electric potential at the surfage of a sliver nucleus having radius 3.4 x10™ m. The
atomlic number of sllver Is 47 and charge©n a proton = 1.6 x 10x107"°C, -
Given Data:

Charge of nucleus q = 47q¢= 47¢ =47 x 1.6 x 107" C=752x 107" C
Radius=r = 3.4x10°m
Coulomb’s constant k = 9 10 Nm’ C™

To find:
Electric potential (v) =?
Solution:
The electric potential is
_ 4
V =k :
Putting values:
: o 19.2% 107"
V = 9x 10" x 3'4)(’0-14
OR V = 199.058 x 10*
OR V = 1.99058 x 10°
Therefore, V= 1.99x10°V I
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charge Is 26 N/C and the electric potential .-n\\

"9, The olectric field at a point due to a point
iz 13 J/C. Calculate ths distancs of the polnt from the charge and magnitude of charge.
. N

gl

Given Data:
Electric field E = 26N/C

Electric potcntlal Vv =13J/C

To find:
Distance d = ?,chargeq=7?

Solution:
Electric potential at a point ‘P’ is related to magnitude of electric field intensity by the relatmn

V = Ed
. \'
Or . d=F A
13V ' )

putting values d = S6NCT

10. Two point charge of 8pC and ~4pCare Saparatsd by a distance of 10cm in air. At what po[nt
ths line jolnlng the two charges Is the electric potential zero? _ ‘

o e

Given Data:
Charge q = 8uC=8x10"°C
Charge  q = 4uC=-4x10"°C

Separation r = 10cm=0.Im
To find: ,

Distance x = ?
Solution:

Let there is a point ‘P’ which the ele¢tric potential is zero. Such that let, the point ‘P’ i isata dlstance
from charge q) let the electric potentialis A

Vo, = Vo > (i)

Vo, = kT == i)
Let the point ‘P’ is a distance r— x from charge qa, then the electric potential is

_ kg
Vo, & 18 =>— (iii)

Putting equation (ii) and (iii) in equation (i), we get
R TR
o X Tr-X

I=x _ Q@

X qi

Or i— 1 =§fﬂ

r_a
Or X~ 24

(%3 CamScanner


https://v3.camscanner.com/user/download

%""5‘3— Federal PHYSICS

— X (Subjective) 65
S 0.1 4 =6 " :
Putting values: - —= _3X 10
¢ X “gx1gt]

01 ]
, o x “3+1
or L3 5 )

Xee O

01 3

X 2

y _

B L XT3Ix00m

‘Hence, rxz\g\oo@)j

Since the point ‘P’ js at 5
from 8puC charge is 0. 066mdcl):tgqggc£ from BuC point charges therﬂfore the distance of zero potential

Whereas the point ‘P* i5 at dista : :
from 4C charge is 0.10m 4 . Oggg nl; - X from 4pC point chargc }hercforc thg dlstancc of zero potential

B 00333m or_3.33em |

Q'Gthon TR U e T‘f"”mw4m et e o Y TSR TS T T i
b A with an initia epeed of 28%10° me-i s firerd In the same diraction as @ unifores

electric with a. magnitude of g -1 _
80 NC™, How far doss the eisctron travel being byought o rest
momentarily and turned back? ar ¢ _5 the eiect: ) g ght |

yiven Data:
Initial speed v; =29 x 16 m/e
Final speed v¢= 0m/s
Electric field intensity € = 80N/C
Charge on electron g, = ~1.6 x 10 C

R A P N T TR TR T TRNNTT TR £ T e ST TR TS

Mass of electron m, =9.11 x 10~' C

"o find:
Distance S = ?
jolution: o
The third equation of motion is
2a8 = y, - vi
By b
or S NN (1)

By Newton’s second law:

A= — (i)

me
By definition of electric field intensity
| _F
E = %
Or F =q.E — (iii)

Putting equation (iii) in equation (it), we get
| - _aE
— (iv
2 " m, (iv)

Puttmg equation (1v) in equanon (1), we get
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gl
2(9:5)

me
: | wym vi—Vi
_ S_m°2xch

Or

(0)2 — (29 x 10’

Putting values:
§=29.9277 x 107> m

[S = 0.9927m |

§=9.11x 107" x 55716 x 1077) x 80

12. Two capacitors of capacitanced4pF and 8pF

parallel. In each case external source of volta

are first connected (a)
ge is 20

in series and then m

e In each case the toy,
ch capacitor.

o0 V. Calculat

e on ea
citor, and the charg 3

capacitance, the potential drop across each capa

Given Data:

Capacitor C; = 4pF =4 x 10°°F
Capacitor C; = 8uF=8x 10-°F
Voltage V = 200V ’

To find: &

Equivalent capacitance (Ceq) =7
_ Potential drop V, and V, charges Qiand Q2=7?
Solution: ' '

Th 2 . o1 1 1
e equivalent capacitance1s = = -C—l+a
(4
1 _G=C
. C. = Gies
C CiG
¢ TG+ G

Putting values:
‘ . 4x%105%8x10°°
8 x 1075 +4%107°

e =

. 32 x 107"
e T 12x107¢
y C. = 2.666 x 10°°F

[C. = 2.666 uF |.

In series combination the charge remains the same g,
The charge on each capacitor is Q=C.V

—

Putting values: ,
A Q = 2.66x107°Fx200V
Hence, = 5.33 x 107 C therefore

Q
lq = 3:=Q=533x10"'C

In series combination the‘voltage splits

?m=Q
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V] = '3 v = 'Q
. 1 & C:
Putting values . Putting values
v, = 533x 10~ C 533x 107 C
4x 10~ F - Vi = X 10°F.
V.= 1332V] [V, = 66.6V]

For parallel combination:
The equivalent capacitance is

: C.=C+C,
Putting values:

Ce=4x10°+8x10"° .
'I‘h.crefore, [ C.=12x107°F = 12 uF |

In parallel combination the voltage remains the same, Vi =V2=V '
Since the applied voltage V = 200V, therefore [ V; = V; =200 V |

In parallel combination the charge divides whereas in series combination the voltage splits

. : q=CV ,
Putting values:- ‘ qi =4 x 107 C x 200V
[q, = 800 x 10~° C = 800 pC |
. @=CV' -
Putting values: q2 =8 x 107°C x 200V

~ [a2=1600x10C= 1600 uC |

- 13. Three capacitors of capacltnnce‘spl?',o;a.f and 8puF respectively are connected in series to a

250V DC supply. Find (i) the total capacitance (il) charge on each capacitor and (iil) P.D. across
each capacitor. ‘ : '

Given Data: ,
Capacitor C, = 4pF =4 x 10°F
Capacitor C; = 6puF = 6 % 10°F
Capacitor C; = 8pF =8 x 10°°F
Voltage V =250V
To find:
Potential drop V; =7 , potential drop V=7
Potential drop V3 = ? , series equivalent capacitance Ceq=?
Solution: ‘
_ For series combination:

‘ L . ~] 11
The equivalent capacitance1s ¢ = ¢, G o G

11 1 1

Or - C ax10° T 6x10° 8% 107
| 1 _6+4+3
o Ce (24x107)
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o 4 1 _30+21+35
Ce (420x 10
1 ___ 86
Ce ~ 420 x 10-¢
C,= 420;610 y

C. =4.883 x 10 F

[ C<=4.883 x 10 F = 2.883 pF |

In series combinatjop th
e charge remains the same =q3=
The charge on each capacitoris Q=C,V S :

Putting values: Q=4.883x10"°x 100

In series combj Q=4883 %107 C '
mbination the voltage divides so the voltage across capacltor Cyis

Q9
. V2 03 =
Putting values: = 488.3 x 106"s
’ 20 x 10

15. F "_‘d the charge on 5uF capacitor in the circuit shown in Fig.
_ : 2uF :
3uF ' —
| | 5uF |
=
. 6Vo 1 auc
Given Data: v .
Capacitor C; =3uF=3 x 10°°F
Capacitor C, = 2uF =2.x 10~ F
Capacitor C3 = SuF =5 x 10~°F
Voltage V=6V
T'o find:
Charge q; =7
solution;

The capacitors C; and Cj are parallel connected with Cy in series therefore, the equivalent capacxtance is

for parallel capacitors Cj is C.=C;+C;
or _ C!=2x10°F+5x10°°F

or ' " Ci=7x10"°F=TuF )
The equivalent capacitance is for series capacitors C, is:


https://v3.camscanner.com/user/download

r 60 Unit 11 [Electros
. ~htiey

or G ac

" or C. C:+C|
_ 3% 107 +7 x 10°°
Putting values: = (7 x 105+ 3 x 105
| 21 x 1077
C= Tox10°
Ce=21x10°F=21 ny

The charge on each cabacitor is

Q=CyV

Putting values: Q=21x10°Fx 6V

Hence, _ Q=126x10"°C

Ig parallel gombjnation this charge splits between the two capacitors C; and C;.

 Ee L @ = CGxVy —s (i)

Where V3; is the voltage for the capacitors C; and C; connected in parallel. .
Va3 = g — (i)

Putting equation (ii) in equation (i), we get
q3 = Cs X%

12,6 x 10-6 C

: 4 4
Qs = Sx107°F x 7% 10°F

or ' ;s =9x10°C] = 9uC

Two parallel plate capacitors A and B having capacitance of 2pF and 6pF are charged

separately to the same potential of 120v. Now positive plate of A Is connected to the ne
: a
plate of B and negative plate of A is connected to the positive of B. Find the final chargeu::

16.

each capacitor

Given Data:
Capacitor Cp = 2uF =2 x 10°F
Capacitor Cg = 6uF =6 x 10™°F
Voltage va = 120V
Voltage vg = 120V

To find:
Find charge qs = ?, final charge qg = ?

Solution:
Let the initial charges on the capacitors before connecting are Q4 and Qg

QA = CAV
Qa = 2x107°x120
Qa = 240 x 107*=240 pC

(%3 CamScanner
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QA = CpV 61
Qs = 720x10°C="720 Me

Since the capacitors are co

nnected in opposing therefore the total charges Q will be:

Q = Qg-Q,=
After reaching equgi?) . Qa=720x10"C- 240 % 10~¢ C = 480 x 10~* C = 480uC
) rium the total voltage across the capacitors will be: -
n ~ Ca+ Gy
After reaching equilibrium the voltage across the capacitor Ca will be:
Vi = oA
A
Ca
After reaching equilibrium the voltage across the capacitor Cpg will be:
Vg = s
: Cs ,
After reachmg equilibrium the total voltage will be same as voltage across cach capacitor.
V = Va4 v = Vg \
_Q __ 4 Q@
& Cat+Cp Ca Cat+Cs - Cs
TR IR * S . N0
da CAXCA'*"CB g = CBXCA+CB
, 480 x 107 | | 480 x 1078
= 9 -3, Rahede) - =0 %
S ST R T Ga, = OX 107 X550 + 6% 107
[gn = 120 x 10-°C = 120uC Th = 360 x 10*"ﬂ ‘
ga=_360uC

7. A 6pF capacitor is charged to a P.D. of 120V and then connected to an un-charged 4pF
capacitor. Calculate the P.D. across the capacitors. '

siven Data: _
Capacitor C; = 6pF =6 x 107°F
Capacitor C; = 4pF = 4'x 10°°F
: Voltage V, = 12V
lo find:
Final voltage ="V =7
solution: . / _ '
The total charge in the circuit is the charge on capacitor Cy, therefore, Q; = Vi, C) = Q this charge wil

be distributed in capacitor as Q = qi + o |
If “V’ is the voltage of the capacitors after reaching equilibrium, then q; = VCy and g2 = VCQ.AThcrefore.
V]C1=VC1+VC2 ‘

or V1C1 = V(Cl + CZ)
G
and V (G +Cy)
120 x 6% 10°°
Putting values: V= (6 x 1078 + 4 % 107°)

therefore,
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— re connected In series acro“.\p‘ 5
18.  Two capacitor of capacitance 8uF and 1():,;!’-;r :r:lpt.hceﬂ::gpl'y  connocted I e in the mm&i

ecte
of 180 V. The capacitors are disconn d charge on each capacitor.

—~

with each other. Calculate the new P.D. an
Given Data: '

Capacitor C; =8uF =8 x 10~°F

Capacitor C; = 10uF =10 x 10~°F

Voltage v =180V

To find: ,
Potential drops v; and v, = ?, Charges q; and g2 = ?
Solution: : '
For series combination the equivalent capacitance is:
1_ 1.1
or 1 _G+G
C,C
o _GG
! Ce C+C

Putting values:;
_8x10°x10x107¢

© 10x105+8x10"°

- 80 x 107"
i o= Toio

Ce =4.444 x 10~°F = 4.444)F
In series combination the charge remains the same, q; =q2 = Q
The charge on each capacitor is -

Q=CYV

Putting values: Q=4.444 x 10 °F x 180V

Hence, Q=2800x10"C

When the capacitors are connected in parallel the total charge will become
Qr=q:*+q2 '

Or Gr=Q+Q

or Qr=2Q

Qr=2x800x10"°C

Putting values:
Hence, Qr = 1600 x 10°C = 1600 pC

For parallel combination the equivalent capacitance is
C.=C +C

C.=8x10°F+10x 10°F

C.=18 x 10°F = 18uF

on the voltage remain the same, V),

Qr

The voitage ‘V’ is V= C.

Putting values:

Therefore,

Also in parallel combinati =V,=V.

putting values :
_1600x 10°°C

18x10°°F
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Hence V=28889y"

Vi ="V,=v= 88.89V |

Now the charge On each capacitor

63

Q=CV caq be computed as:

putting values

91 =8x10-¢ F x 88.89V
=711.21 x 10-¢ ¢ .

_ Additional ¢ Conc

The time constant of

e e
e S S N S

-eptual Short Questions:With Answers

- C]V
putting values
q1=8x10°F x 88.89V"
1 =71121 x 107C

[ q;=711.12 uC |

second. a series RC circuitis t= RC, verify that an Ohm times farad is equivalent to

(Grw 2016) (Lhr 2016 Group 1)

Ans.

-

Clven data:
The time constant of a series circuit=t =

To prove: -

Proof:

1 ohm x| farad = | second

According to Ohm’s law
V=IR

Putting I = %—, we have

or R=—

According to equation

q=CV
q
or C=— @ . 2
v @
Multiplying équation (1) and (2), we get

Vt @
RC = —x—
\Y

1 q
Or RC =1t
Hence, |1 ohm x 1 farad = 1 second
where ohm is the unit of resistance R.

RC

1 Volt 1 Newton
Show that 3" cier = 7 Coulomb®

e T

Ans,

Volt -
meter _
joule
= Coulomb — meter

newton — meter
~ Colomb — meter

LHS
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= newton l
colomb ‘ ,
= RHS S — -
3. Do electrons tend to go to region of high potential of low potentral? —
c field. They Moy,

Reason:

Ans. Electrons tend to go the region of high potential.

: i ectri
, chareed particles when they aré released in an el

‘As the electrons are negativel .
al) to positive end (high potent

ial)
he ground m

tallic ropes touching t

from negative end (low potenti
develop On tyTes alg

Vehicles carrying inflammable materials usually have me

4.
motion. Why?
- -t es
Ans. When vehicles move through air, they get charged due to air frlctlor;] .aILd :;1::56 from. the infl b
If charges are sufficient, they will produce spark. The vapour Wiic e euching the groun dmam '
material carried by vehicle may catch fire. To prevent this metallic TOP :
. suspended. Through this conducting metal the charges flow 10 the.eat:h(-:e e 15 A
5. Force of attraction between two point charges placed at a dis .nm & IR 5.t force between then
- distance apart should these changes be kept in the séme mediu _ ;
F .
become —7 °
3 e
Ans.
F—qu(;l- —_ (l) x2=3d2
F'=K L RN (2) Taking square root of both sides
x? :
F = f_ ; ' X= \/3d2
3 ' .
99, _1(; 94 x=+/3d
K lzzz_(K' 122) N
X 1
1
x? 3d’° .

6. Why is it safe to stay inside an automobile during a light storm? —

Ans. Although many people believe that this is safc because of the insulat_ing rubber tyre, This is .not true.
Lighting is able to travel trough several kilometer of air, so it can certainly penetrate a few centimeter of
rubber. - . .

The interior of the car is safe because.the charges on the car,s metal shell reside on 1ts outer surface.
Thus the occupant in'the automobile touching the inner surface is not in danger. 5l

7 The distance between the plates of a parallel plate capacitor is d. A metal plate of thickness -iis
placed between the blat'es. What will be its effect on the capacitance? e

Ans. When metal plate is introduced between two plates of a capacitor, it will act as two capacitors and the
capacitancc.will increase. .

8. A negatively charged balloon is set free, It first clings to the wall but eventually falls down
Why? _

\ns. . Duc 1o phenomenon of electrostatic induction negatively charged balloon induces a positive charge "
he wall. It falls eventually because of leakage of charge through wall a0

the wall, so it clings to t
surrounding.
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1.

10.

Q.No.1 Encircle the correct option.

T are the units of electric intensity

a -1 | ‘

Seleni S (b)NC' and vm™! - (¢)Nm'and Vm' (dJC" and Vm®
elenium js 2 - ' ’ .

(a) ph e e
I?l)eztl:tcof;?: (:::-:: E)istper conduct‘or‘ (c) good conductor (d) insulator
gh a closed confining a charge +2e and -2eis - _
' I(\?X)aniO ) (b) /&, ' . (c)zero (d)EA
— s the unit of ' :
S():I(E;lit:;cr;‘lu.x - (b) magnetic flux (c) time constant (d) electric intensity
: S between points on human skin generated by electric process in the heart.
(2) current (b) voltage (c) thermal powér ‘ (d) magnetic flux

B .
y mz?kmg the area of plates of a parallel plate capacitor double and separation between the plates half, the
capacitance of the capacitor |

(a) becomes half -~ (b) becomes double (c) becomes four times (d) becomes one fourth

A particle carrying a charge 2e falls through a potential difference of 3V acquiresenergy =~

(a) 6eV (b) 6watt - () 9.6 x10™"%eV - (d)6)

ohm x farad=  ~ R

(a) Joule (bywatt @©eV .- : (d) second

The force experience per unit positive charge placed at a point in an electric field is called:

(a) Coulomb’s force (b) Faraday’s force . (c) Lorentz’s force (d) Electric field intensity

The force between two point charges separated by air is 4 N. When separated by a medium of relative

permittivity 2, the force between them becomes
(a) AN (b)2 N (c)4N (8N

Q.No.2 Write Short Answers any SIX of the following questions.

1.

Define potential gradient. Shot that volt/meter = newton / coulomb.
Water has a large dielectric constant, but is rarely used in capacitors. Why?

i
Suppose that you follow an electric field line due to a negative point charge. Do electric field and electric
potential increase or decrease? :

4. What are uniform and uniform electric field lines, explain with example.

5 Is E necessarily zero inside a charged rubber balloon if balloon is spherical? Assume that charge is distributed
uniformly over the surface. .

6 What is the relationship between electric potential difference and change in potential energy?

5 : = -19
7. Define eléctron volt and show that 1eV = 1.6 x 10 1.

Q.No.3Extensive Question.

Q. (a) State Gauss
(b) A280Jof

's law. Determine the electric intensity at a point due to an infinite sheet of charge.

work is done in varying a charge of 2C from a place where the potential is -12'V to another placewhere

V, calculate the value of V? -

\

potential is
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Self-Assessment

a.No.1 Encircle the correct option.
b The SI unils of ermitivity €, are: ‘ K )

" @eNm i (b)Nm? C (@ NmC? (@ NmC"

2. Electron volt is the unit of .

' (a) electric - potential (b) electric intensity (c) potential difference (d) potential encrgy

3. The absolute Electric potential at a point distance 20cm from a charge of 2 pe is :
(2)9 x 10°V (b)9x 10°V ©9x10'V @9x10°V .

4. If the electric and gravitational forces on an clectron balance each other, then the electﬁc intensity will be

@ (b) malg ©mag (D@mE, |

5. The gradient of the scalar field is always be a ' ' |
(a) scalar quantity (b) vector quantity (c) tensor (d) none of these e

5. In the time constant of RC circuit, how much charge is stored, out of maximum charge g7
(a) 0.37 g (b) 051 qo . (¢) 0.63 G (d) 0.90 9

7, Energy density in case of 8 capacitor is always proportional to:
(a) E? i (b) € )V @c

b If Potential difference across two plates of a parallel plates capacitor is doubled then energy stored 'in if will
be: ‘ T :
(a) Two times (b) Eight times (c) Four times (d) Remain same -

e Two opposite point charge of same magnitude separated by distance 2d, electric potential mid-way between
them is: , :
(a) 1V (b) 2V (c) Zero (d)%/'

0. The work done in moving a positive charge on an equi-potential surface is:

" (a) Finite and Positive (b) Infinite (c) Finite and Negative (d) Zero

.No.2 Write Short Answers of the following questions.

n of Elcctrostatlc in the function of photocopier machine.

Describe the applicatio
at one same potential in an electric field?

Why the equi-potential surface and hence the line is
Write down four dissimilarities between-electric and gravitational forces.

Sketch the graphs for charging and discharging of a capacitor.

Sketch the graphs for charging and discharging of a capacitor.
Do the electrons tends to gotoa region of high potential or low potenna]?

Write down some important properties of electric field lines? :

No.3Extensive Questions.

. (a) Explain Millikan’s oil drop method to determine the charge on an electron.

(b) What is the potential difference between two points in a electric field if it takes 600J of energy t h
0 move a charge

~ of 2C between two points?

@@@G)@@@ .
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