CHAPTER 12

ELECTRO STATICS
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The number of electrons in one coulomb charge is: ,

A.62x 10" B.16x 10"

C.6.2 x 10 D.1.6x 107

The charge on electron was determined by:

A Ampere B. Maxwell C. Millikan D. Bohr
The relation % = ; represents.

A PD B Gauss's law

C electnc intensity D. electric flux

If atomic nhumber of copper is 29 the contnbutnon of electrons per
atom in the block of copper will be: ~(0O)\

A. One BTwo ' _ ~€ Three D Zero :
If the distance between' two charged bodles is halved the force
between them becemes VG

A. Double R\R\RARIS - B. Half

C. Four ties| 5|0\ D. remains same

The|value of , for various dielectrics is always!

A Less than one B. Greater than one

C. Equal to one D. Zero

The unit of capacitance is.

A. coulomb B. farad C. joule D. watt
The charge on an electron was measured by Millikan in.

A. 1880 B. 1789 C. 1909 D. 1921

The intensity of electric field between two oppositely charged
parallel plates close to each other is,

A o B Z 0o D, =2
. - . & _ 2€g &y
Electric field intensity at a point is defined by the equation,
A E = B.E =~ C E=qF _DE_E}
If a charged body is moved agamst the electnc ﬁeld :t will gain
A PE ' o \nNBKe. &
7. mechanical energy V7O (O W YAD Eleetric P.E.
The word "Xerography“ means |
A To take photograph |\ - B. Dry writing

C wnpng by machine D. To paint some thing
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I'n the xerographic -nachme the heart of the machme the drum is

made of. \
A Ccorame B semlconductor

C sirong p‘i,;;' \ L) VY D aluminum
Wheq t;[urrént of one ampere is flowing across any cross-section of
cor yductor in one second, the quantity of charge is:

A One coulombd B. Two coulomb

C. Three coulomb D. Half coulomb

The force per unit charge is known as:

A Electric flux B. Electric intensity

C Electric potential D. Electron volt

An e¢lectric charge at rest produces:

A Only magnetic fieid B. Only electric field

C. Conservative field D. All above

Gauss's law can only be applied to:

A Curved surface B Flat surface

C Closed surface .D. Any surface

Work done in bringing unit positive charge from mf‘ﬂlt.y to that
point in an electric field is: \ @O\
A Poental d*zrence el ’““8 Rés(sctjrmtfe” o

C. Capaciiance # \, ~ \ U\ \ \D.Asolute potential
The SI unit of e]qct:m; ﬂlfl\./\k /S

A Nm G- . 8 NmC’

C N \qw\ll ] D.Nm*C’

-WhBH'ﬁrca is held perpendicular to the field lines, then the

ma';mtuc ¢ of electric fiux is

A Maxrum B Mintmum

C either A or i3 . Neaative
Photocepier and inkjet printer are the applications of

A Eisctrones B. Eiectricity

C. Mzorcosm D Electrostatics

The expression . r energy stored in a capacitor is given by
A E=CV B E=-CV
C.E=:CY D. E =~ (CVY

A unit of electric charge is. )

A VO B Hf‘ﬂry C. coulomb _~~D. weber
T‘w valup of - - |n Nm C? <
C 21> ‘.‘3‘ . \VZI\(O A D 9 * 10 P

- The valuce of ¢ z fqr tl’d"\SfG!'ﬂ‘ler oul is.

- I R NAR \Brdo C 21 0.25
Thglcddl'o 1H'S forco in a medium of relative permittivity ¢, is given

hy! _ :
Lobou o R F=_1_ %
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27. If an electron of charge ‘e s acce!erated through a potential
difference Vv, it wnll acqunre energy

A Ve B\vR- C.ENV D. ve’
28. Thee rhh's botentnal is considered as:
A" Rositive B Negative C Zero D Infinte
29. The absolute potential at a point distant 10cm from a charge of one
HC is:
A 9 x 10%V B.9x10°V
C.9x 10% D 9x 10°V
30. The value of ¢, for distilled water is:
A 780 B 785 C.800 D 765
31. The value of ¢, for Germanium is
A 15 B 48 C 17 D 16
32. A capacitor is a perfect insulator for:
" A Direct current B Alternating current
C BothA&B D Electric charge
33. Cou!omb/ volt is called:
A Electron B Farad C Ampere =1e D Joule
34. Due to electric polarlzatlon of dtelectr:c, the 'qapat;lty of a capacntor:
A Decreases N\ -2\ U \\B \Ingreases
C. Remains thesame~ | V4| \\ 2~ D Becomes zero
35. Photocopier and mk]et prmter are a ppl:catlon of:
A Magnek;smll Lo B Electricity
C Eiéctf‘ostahcs D. Thermo-electric effect
) ) ‘Answers:
1. A 2.C L3C . 4 A . 5¢C 6.B 7.B
8.C 9.B _ 10.B 11.D 12.B . 13.D 14.A
15.B 16. B 17.C |, 18.D 19. A 20. A 21.B
22.B 23.C 24. A 25.C 26. A 27. A 28.C
29.C 30.B 31.D 32.A 33.8B 34.8 35..C

SHORT & LONG QUESTIONS

Q1: State and explain Coulomb’s law. Calculate the coulomb’s force in

(i) permittivity space ¢, (ii) in a medium of relatwe permlttmty ;e
Ans: Coulomb's law:

The force between twe pont charges 'S dll'ecﬂy prepur{iu dl to tne product of
the magnitudes of charges and muersely proportu'mar to the square of the distance
between them e
Mathematical form of Coulomb 3 Iaw

Cw:omb l nawl mathematicaii Iy excressed as

C ll .._F 3(- Uyt or E e kif.."_
i

b}
¥
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If an electron of charge e 45 accererated through a potential
dlfference V, it wﬂl acqulre energy:

A Ve R JI WV-BTV/2 C ENV D. Ve’
The. hai'th s potentlal is considered as:
A. Positive B Negative C Zero D Infinite
The absolute potential at a point distant 10cm from a charge of one
uCis:
A 9 x 10°V B.9x 10°V
C. 9 x 10V D 9x 10°V
The value of ¢, for distilled water is:
A 780 B 785 C.800 D 76.9
The value of ¢, for Germanium is
A 15 B 48 C. 17 D 16
A capacitor is a perfect insulator for:
" A Drrect current B Alternating current
C BothA&B D Electric c*'warge N
Coulomb/volt is called: "
A Electron B Farad e~ Ampera D Joule
Due to electric polarlzatson af dteleCtl'lC, the capacuty of a capacitor:
A Decreases ~\ __~~—\\V{\ WL "B Increases
C. Remains the same \ \LINSC D Becomes zero
Photoco uﬂ'land mk]et prmter are application of:
Ac Mégn tism B Electricity
C Electrostatics D. Thermo-electric effect
. __ Answers: |
1.A 2.C 3.€C  4A 5C 6.B 7.B
8.C 9.B 10.B  11.D 12.B 13.D 14. A
5.B 16. B 17.C |, 18.D 19. A 20. A 21.B
2.B 23. C 24. A  25.C 26. A 27. A 28.C
9.C 30.B 31.D 32.A 33.8B 34.8B 35..C

[ SHORT & LONG QUESTIONS |

State and explain Coulomb's law. Calculate the coulomb’s force in
(i) permittivity space ¢; (ii)ina medlum of relatwe permlttwlty &7
Coulomb's law: \ [ 75

The force between twe poirt cf*:ﬂges is dwec Iy p((}pg{{;d \al to the product of

the magnitudes of charges and mversely prcport onal to the square of the distance
between them
Mathematical form of Coulomb s Iaw

Cowohb llaw mathematicaiiy excressed as

Uyt

re

F x

or F = K"—"—



If the medium between the two, pomi charges is\ frae space and the system of
units is Sl then k is represented as () \\ 7\ /
\ 4TTEg

Where ¢ rs an. electnca! constant known as permittivity of free space. In Sl
units. itst \@lue is'8: 85 x 102 Nm?C? Substituting the value of £, the constant

k= — = 9x10° Nm C?

4mEY
i Coulomb’s force in free space:
Thus Coulomb's force in free space is’

' = L 9182 (1)
et EEE
F‘l: * (h +93 F?'I
H*— —————— LH
r.
e = i >

J \ I | VL (M Artractive forces baTween uniihe charges
ii. Vecibnal form of coulomb’s law:

If 724 is the unit vector directed from g, to q; and 74318 the unit vector directed
from qgato q,, then

1" q192 .
Fa1 = a7 N
& 4neg rl T (2)
1 q192 .
n Fiz = — — .
and 1 Ameg 1t L (3)

it can be seen that 7, = -7,;, so Egs. Show that
F21 = - F12

Effect of medium between the two charges upon the Coulomb's force:

if the medium is an insulator, it is
usually referred as dielectric. It has been found
that the presence of a dielectric always
reduces the electrostatic force as compared
with that in free space by a certain factor _ |\
which is a constant for the given dielectric) |\ |\ ||\ )
This constant is known-as relatwe permlmwty" =" |
and is represented by &, \\ \| |\ |||
jiii. The Coulomms force ina med:um of

relative penﬂlmhty ¢ is given by
. L

dnegs, 1
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Q2: Describe the valuesof relatwe pe:mlttwlty of different dielectrics?
Ans: {_The values of relative' permlmvlty of different dielectrics are given in Table.

I [ J.Material o &
L_jfi:;u'_'{;‘_."_‘-'_'_-;_ “vacwwm A
L ... .__Air(1atm) .4 ... 1pooo6
; _ Ammonia (liquid) | 22-26 |
b ‘Bakelite S ) 5-18 ]
| Benzene 2.284
Germanium 16 "
Glass 48-10
Mica 3-75
Paraffined paper 2

Plexiglas 3.40

Rubber 2.94
L Teflon 2.
.. Transformer oil U SR 2N oA
i . Water (distilled) NN\ TBS\

Q3: Which one reduces the (:t:u.tltbmi:)'ﬂr ‘l‘t':e‘,'&arfsfmmer oil or distilled
water? AT\~ VWV
Ans: Since C IR\BARN ‘
1 4.9
]| NI J' J'“F 4mEEy “%'_fi

Thté relation shows that presence of relative permittivity (&, ) as g, for
transformer oil is 2.1 and for distilled water 78.5 therefore Coulomb's force is
reduced by distilled water is more compared to transformer oi.

Q4: Write the names of basic force of nature?
Ans: Basic forces in nature are:
i Gravitational force
ii. Electromagnetic force
fil. Strong force
iv. Weak nuclear force
Comparison of basic forces:
GF : EF ¢ WF SF
1T 10%® 0 109

Note:
Strong force is responsible to hold the positively charged protons in- the nucleus
Q5: Describe the Michael Faraday concept of electrlc field?
Ans: To describe the mechanism by- whlch electnc forqe is transmitted, Michael
Faraday (1791-1867) introduced-the concept of ‘an electric field. According to his
theory, it is the intrinsic property of nature that an electric field exists in the space
around an electrwc charge This electric field-is considered to be a force field that
exerts a forca on'other charges placed in that field.



Q6: Determine the electric field mtens:ty w:th .the help of Coulomb s
law? . O, \

Ans: The field of charge q mteracts with q@ io produt:e an electrical force The

interaction between q and| Q1S aocomplfshed in two steps:

I The charge g\ produces a field and

. The ﬂ‘lle}dlmteracts with charge g to produce a force F on q;

We may define electric field strength or electric field intensity E at any point
in the field as Force per unit charge.

F
E=— 1
. 2 W -
Unit: il
It is measured in newton per coulomb in
St units. It is a vector quantity and its direction is ()

the same as that of the force F
Electric intensity due to a point charge:
Let we place a positive test charge q; at

S 5 r rr B
this point The Coulomb's force that this charge # S
will experience due to q is '

= .._l_.. q4o r Y e
F 47[1{} r < o U (2) ("'| r :'_ \ ‘.:.Ilz( _'.'j \ E‘.- II.' IIE
Where 7 is a unit vector directed from the QL 7250 | feus e Touiding the

-wvm(.o- e e grrerLes Tar

point charge g to the test point whefe gc' ha‘a ‘_ S-w A o s S iy of e

"'. qu!ull r); PO taat >um :Jrr;rc' v o

\‘! e u,wu, ads [ R 1l aEra sl
been placed. 1e’. the peint where fh\e elentru; ' ‘. et ',. - ,,.J 'f. i with
intensity is to be evaluated | By Eq \B) - o T

~ 1F\ A\ w 1 ] ~
BRI L 3)
\'N\Udg 4mg 1% do Amey e

Q7: Deﬁ&'e electncal field lines. Which type of information can be
determined by these lines?
Ans: Electrical field lines:
The electric field lines "map" also provides information about the strength  of
the electric field.
i Field lines are closer to each other near the charges where the field 1s strong

while they continuously spread out indicating a continuous decrease in the field
strength.

- L - -
e U = > wr
' 5 foar, -y, -
- . ~
r *
. — - :i -ar.. s -y L -
\ ’ -‘ ¥
3 ey -4 -
-‘\\\

-

T]helﬁJéC‘hC f'ﬂ‘d hﬂes are e s ma w R ek A
.J;mt.&A-b gadially inword towards a4 .l e
negative pontcharge -q.




ii. “The number of lines per unit area passing perpendrcuiarly through an area
Is proportional to the magnitude of the electricfield". o
Q8: How can you find the electric field line for two identical charges?
Ans: i. The electric field\lines ‘are curved in case i 2
of two identical epﬂrated charges Fig. shows the
pattern of lhn@i ‘associated with two identical
positive pomt charges of equal magnitude.
il. It reveals that the lines in the region
between two like charges seem to repel each other.
The behaviour of two identical negatively charges
will be exactly the same.
iii.  Zero field spot or neutral zone:

The middle region shows the presence of a
zero field spot or neutral zone.
Q9: Draw electric field pattern for unlike charges?
Ans: The Fig. shows the electric field pattern
of two opposite charges of same magnitudes
i The field lines start from positive
charge and end on a negative charge. The
electric field at points such as 1, 2, 3 1s the ~— 3*(Q¥ Er=l =
resultant of fields created by the two charges"'--., LA TR NS -
at these points. \CAW T W
ii. The d:rechons the esultant
intensities are gwen py the tangents drawn to
the field lines|at| d‘lede points
Q10: Draw electric field of lines-for parallel plate capacitor?
Ans: Electric field of lines for parallel plate capacitor:

In the regions where the field lines are parallel and equally spaced. the same
number of lines passes per unit area and therefore, field is uniform on all points

~3

The g PR imes B s T o PR e Ly L

[T

IR

It‘n !l"u.‘l g.e\nﬂ‘ral fﬂg}lur\ wf a
c:u.uralret plate capaauur the rtwectric,
fae=lcd hn&q FEAs S Tarcy ey @ried evv:'niv
b= 2% R ec:l '-_: dfcﬂararﬁg thal the Slecimie
tres [ ttnuﬂu Naas e samer rvaggrnteadsi o
| E N TIre 1oy at it DOerts

Fig\ sgows the field lines between the plates of a parallel plate capacitor
The field s uriform in the middte region where field lines are equally spaced



Q11: Write down the properties of ele_ctnc ﬁeld Imes?
Ans: Properties of electric field lines: ) |\ "

1. Electric field Imes onglnate from pOSltWG charges and end on negative
charges Bi=is

2. The thngént to a field line at any point gives the direction of the electric field
at that point.

3. The lines are closer where the field is strong and the lines are farther apart
where the field is weak.

4. No two lines cross each other. This is because E has only one direction at

any given point. If the lines cross, E could have more than one direction.

Q12: Enlist the applications of electrostatics?

Ans: Application of electro statistics:

i Xerography or photocopier

ii. Inkjet printers

Q13:- Explain the process of Xerography or photocopier? OR Describe the
- construction and working of photocopier?

Ans: Xerography (photocopier):

The copying process is called xerography, from the Greekword "xefos and
"graphos"”, meaning "dry writing". A A M,,,,,w 3 Gown
Construction: O\ \

The heart of machme iS a
drum which is an aluminium¢ cyhnder\--f -
coated with a_{ayer 'of 'selenium.
Aluminium, s/ a*rn ]émellent conductor.
On the o}her hand, selenium is an
insulator in the dark and becomes a
conductor when exposed to light; it is gricked wiogy Show Bl i e
a photoconductor. As a result, if a nuated roliecs 1mage 1 prned
positive charge is sprinkled over the
seienium it will remain there as long
as it remains in dark. nmu’:ﬁﬂmﬁ.‘mﬁmﬁi&%
Workil‘lgi iohepapor The ioner is mefed onlo the pege

If the drum is exposed to light, the electrons from aluminium pass through
the conducting selenium and neutralize the positive charge.

Function of drum:

If the drum is exposed to an image of the document to be copied, the dark
and light areas of the document produce corresponding areas on the drum. The
dark areas retain their positive charge, but Inght areas become conductlng \lose their
positive charge and become neutral

selenium surface. Then a spes:al dry black powder called "toner" is given a
negative charge and spread over the drum, where it sticks to the positive charged
areas.

The tprma.-rJ frbm fhie drum is transferred on to a sheet of paper on which the
document is to be copied.



Function of toner: XN [ (o \oo~

Heated pressure rollers then rnelt the toner unto the paper whnch is also given
an excess positive charge to produce the permanent impression of the document.
Q14: Describe the constructlon and working of inkjet printers?
Ans: Inkjet printers: -

An, ilnkje{ printer is a type of printer which uses electric charge in its
operation.- -
Construction and working of inkjet printers:
is While shuttling back and forth across the paper, the inkjet printer "ejects” a
thin stream of ink. The ink is forced out of a small nozzle and breaks up into
extremely small droplets. During their flight, the droplets pass through two electrical
components, a "charging electrode" i and the "defiection plates” (a parallel plate
capacitor).
i. When the printhead moves over regions of the paper which are not to be
inked, the charging electrode is left on and gives the ink droplets a net charge. The
deflection plates divert such charged drops into a gutter and in this way such drops
are not able to reach the paper.
iii. Whenever ink is to be placed on the paper, the charging control, respondlng
to computer, turns off the charging electrode. The uncharged droplets ﬂy straight

through the deflection plates and Strike the paper o~ { 2y (C
FChaig gmq Dﬁllﬁr‘nop plate«,
t.!ccm.\\de ___"‘
I | g . . ® o9 0 bﬂ __’
NN No.:z.le of
NJ ™ pnnthuaa Gutter -

Paper —

=

Instruct:ons. ffom cOMputer

Inkjet printers can aiso produce coloured copies.
Note:

An inkjet print head ejects a steady flow of ink droplets. The charging
electrodes are used to charge the droplets that are not needed on the paper.
Charged droplets are deflected into a gutter by the deflection plates, while
unchanged droplets fly straight onto the paper. |
Q15: Define electric flux (¢). Determine flux (¢) when s
i Area is held perpendicular to the field of Imes
ii. Area is held parallel to the ﬁeld ‘of lines. | \ |
iili. Areais neither; perpendmular nor paraliel to the field of lines?

Ans: Electric flux: 7\ || ()

The numper of the ﬁeld llnes passing through a certain element of area is

known as. plbct  flux through that area. It is usually denoted by Greek letter ¢.



L'
Elactne lux through o surtace noroval
to E
Case I: |
When' area is held perpendicular to the field lines then EA, lines pass
through it. The flux ¢, in this case is
' ®e = EA, _ ‘
Where A, denotes that the area is held perpendicular to field lines.

]| J JI\ ll\ )\ -

\ l|
Maximum
Case II:

When area A is held parallel to field lines and as is obvious no lines cross
this area, so that flux ¢ in this case is

$e = £EA)=0
Where A, indicates that A is held parallel to the field lines.
q

= =

—4 /——»

AN DWW Minimum



Case III: - O A\
When A is neithes perpendzcu ar nor p\arailel to fléld Imes but 1" inclined at

angle {7 with the lines |ﬁ thrs case we Rave 1o find the projection of the area which is
perpendicular to the ﬂefd hnes “The area of the projection is A cost. The flux ¢ in
this case ls Jl Jl ll\ N
d. = A, cost

The electric flux ¢, through a patch of flat surface in terms of E and A is then

given by
¢. = EAcost = EA
Where ¢ i1s the angle between the field lines and the normal to the area.

Unit of electric flux (@) 5 '
Electric fiux oemg\d sé:aia‘r nfb%m s a scarar quantity. Its St unitis Nm°C’
Q16: Show_that) ﬁlux through the closed surface (sphere) does not
depp[m‘d n shake or geometry of the closed surface?
Ans: Electric flux through a surface enclosing a charge:
i Let us calculate the electric flux through a closed surface, in shape of a
sphere of racius r due to a point charge q placed
at the centre of sphere.
ii. Total surface area of the sphere s divided
into n small patches with areas of magnitudes
.‘3:1;. .JA_;,AA-( ‘ ..ﬁ‘..“i,l .
The correspencing vector -areas are AA,, AA,,
AAq,..... AA, respectively. The direction of each
vector area 1s along perpendicular drawn outward
to the corresponcing patch
1. The electric intensities at the centers of

vector areas Ad, , 2., Ag ... 0A, are E,,
Eovoiernn E. réspecivaly i ,
o = i ) [ ‘“{bmmpl &mc‘*k ﬂux MOugh
1v. T - otal Hux ¢ dSSqu lhfough the Cfose{;l ‘li'-\e, \Iuﬂa,{q{ ORI SO UUL 0
surface s ', !Hu"xm qm o Crtre s e,
(ﬂ‘. = E1 3:1 + Eg 1 "'fE --/111—'--1 "H‘EO &APL“ N {1)
V. ne drectinn off q\ecmc m:enSt.y and vector area is same at eacn patch.
Morcover bLf:dﬁc ptlspnuma: symmetry. at ine surface of sphere.
" 1 (
NRINE(E,] = |Eyf = oo = |EWf = g2 (2)

drey r“



be = EM1+E&A2 + EM;', & EM
= Ex (AA1+&A2 '+ ﬁAS + +M )
AT Ex (total sphencal surface area)

Since E = -&\90570 1\ n\)

__ f"?uﬂ. i\ V-
W\ I | j|\I‘.-.J_I JI W d’ﬂ = 4MEp % %4 T[r
" be = 3
Note:

So we can conclude that total fiux through a closed surface does not depend upon
the shape or geometry of the closed surface. It depends upon the medium and the
charge enclosed. .

Q17: State and prove Gauss’s law?

Ans: Gauss's law:

_ “The flux through any closed surface is 1/¢; times the total charge enclosed
in it"

Explanation:

Suppose point charges q;, qz, Ga. - , Qn are
arbitrarily distributed in an arbitrary shaped closed
surface A
The electric flux passing through the cidsed (B.\o

surface is
= Q} ‘?3 4n| 4
d’a zo zq""-._ gd Y WINCE-

‘«'Pe" "“(fh* qz*Qa

)
NNNJ&
(total charge enclosed by closed surface)

¢!=—!Q .......... (1)

Where Q=qy + Q2 + Q1 +......*+ Q,, IS the total'charge enclosed by closed surface.
Q18: Enlist the application of gauss's law?

Ans: Application of gauss’s law:

i Gauss s law is applied to calculate the electric intensity due to different
charge configurations. In all such cases, an imaginary closed surface is considered
which passes through the point at which the electric intensity is to be evaluated.
This closed surface is known as Gaussian surface. Its choice is such that the flux
through it can be easily evaluated.

i, Charge enclosed by Gaussian surface is calculated and ﬁnally the electric
intensity is computed by applying Gauss's law.

Q19: Illustrate intensity of field ms:de a hollow charged sphere by using

Gauss's law?
Ans: Intensity of field inside a hdlldw charged sphere
i Suppose that ar holldw conductmg sphere of radius R is given a positive
cha'ge q. N[ U
i, NOW| imagme a sphere of radius R'< R to be inscribed within the holiow
. »arged sphere. The surface of this sphere is the Gaussian surface.

A, slying Gaussian law, we have

Pe =

1\
Eo



Since ¢, = E.A =/0\@s A\# 0

therefore, E = q

Note: N[N o

i The'interior of a hollow charged metal sphere is a

field free region.

il As a consequence, any apparatus placed within a

metal enclosure is "shielded" from electtic fields.

Q20: Illustrate electric intensity due to an Infinite sheet of charge by
using Gauss's law?

Ans: Electric intensity due to an infinite sheet of charge:

i Suppose we have a plane sheet of infinite

extent on which positive charges are uniformly

distributed

ii. The uniform surface charge density is, say,

o Afinite part of this sheet is shown in Fig.

ifi. To calculate the electric intensity E at a point

P. close to the sheet, imagine a closed ‘Gaussian e i

surface in the form of a cylinder passing thrpugh the.._-_;; Q\ 72 \ g =

sheet, whose one flat face containspoint P \\\1}Y | =" The ciosed surtace 1 in

iv. From symmetry (we can. concﬂude that E Ihe formota cylmd;rwhmonebi;ce

?hoe:ngtpfa?\te right angle to the em:l faces and away from x:?s:;;m ggm:':rm’me e

V. Smcg E Jls barallel to the curved surface of the cylinder, so there is no

contribution'to flux from the curved wall of the cylinder. While it will be, EA + EA = 2

EA, through the two flat end faces of the closed cylindrical surface, where A is the

surface area of the flat faces.

vi. As the charge enclosed by the closed surface is oA, therefore, according to

Gauss's law,

e = ti x charge enclosed by closed surface

b é\:‘; X OA (1)
Therefore, 2EA = :_ X oA
or E = -ZTO-A ........ (2)
In vector form, E=—Tt (3)
280

Where 7 is a unit vector normal to the sheet directed away from it - 1\
Q21: Illustrate electric intens:ty betweeﬂ Mo apposﬂely charged

parallel plates?
Ans: Electric intensity between two opposctely charged parallel plates:
i. Suppose that two parallel and- closely spaced metal plates of infinite extent

separated by v§cqum \are' 'given opposite - charges. Under these conditions the
charges arglesbentually concentrated on the inner surfaces of the plates.



ii. The field lines which originate_on; posntwe;"'—.f--‘,.-Q_' e ="
charges on the inner face of one plate, terminate\on |\ | |

negative charges on the mner face of the other
plate.

til. The chafges ére umerme dnstnbuted on the
inner surfacb of 'the plate in a form of sheet of
charges of surface density o = g/A, where A s the
area of plate and g is the amount of charge on
either of the plates.

iv. Thus the total flux ¢, through the Gaussian

surface s EA The charge enclosed by the The tines o(ltom:hbepmalam:
i th iat are normai 0 the

Gaussian surface is gA. an'd pa?u“mrectad from the positwve
V. Applying Gauss's law plale towards the hagative one

1

L)

1

EA = — X oA

£

or E=2 (1)

vi. The field intensity is the same at all points between the plates— _
vil. The direction of field is from positive to negatwe piate because a umt posmve
charge anywhere between the plates wqmd be! repelled from positive and attracted
to negative plate andthese forces aré m the &ame direction.
viii. Invectar form () \R\RARLE

RS "E=;f @)

| i) 0
Where 7 |s a un'at vector directed from positive to negative plate.

Q22: Why T.V and computers are enclosed within metal boxes?

Ans: To determine stray electric field interference, circuits of sensitive electronics
devices such as T.V and computers are often enclosed within metal boxes to shield
from electric fields.

Q23: Differentiate between potential difference and electric potential?
Ans: Potential difference: *

i The potential difference between two points A and B in an electric field is
defined as the work done in carrying a unit positive charge from A to B while
keeping the charge in equilibrium, that is,

AV =VB—'VA = Wag AU

= - e (1)
Qo Qo
Where V, and Vg are defined electric potentials at point A and B respectively.
ii. Electric potential energy difference and electric potential dlﬂerenca between
the points A and B are related as L N
AU = Qo AV = WM (2)

Thus the potential- d|fference between thé two pomts can be defined as the
difference of the potentlal energy per unit charge.
Unit of potential difference:
The unit of mtenhal ifference is Joule per coulomb. It is called volt such that,

Tvolt = —L2% (3)

1 coulomb




Volit: : X\ /o \o
A potential difference of 1 vo}t exasts between two pOIHtS ff work done In

movi other,
oving a unit positive,charge: from one point-to B TS +f,‘+ T3

keeping equilibrium, is| one joule
Electric potentlal,ll |
i In o\'dér to gwe a concept of electric potential at +q,
a point in an electric field, we must have a reference to 1
which we assign zero electric potential. This point 18 :# v ¢
usually taken at infinity. THus in Eq. 1, if we take A to be
at infinity and choose V=0, the electric potential at B will A= .
be Ve=W,5/qo Or dropping the subscripts. - -
sz' 4) B+++++++I
Qo F
ii. The electric potential at any point in an electric
field 1s equal to work done in bringing a unit positive v+ %\, # Y a
charge from infinity to that point keeping it in equilibrium.
Note: '
Both potential and potential differences are ‘A_ 1. “ﬁ_ i l

scalar quantities because both W and g, are scalars.

Q24: How EEG is used to detect abnormal behaviour of rnan?

Ans: In electroencephalography the potennal dlﬁarences created by the eiectrical
activity of the brain are, used for dlagnqsmg abnermal behaviour.

Electrodes connecled
to detection and
ﬁjmcomm device
i

i

EEG (Normal alpha rhythm) " EG (Abnormat)
T | A
Potenusi ' ,
difference Potential
diferance

Q25: What is a function of ECG? )

Ans: An ECG recordsthe "voitage" between points on human skin generated by
electrical process in the heart. This ECG is made in running position providing
nnforrnatlonl__gu_mrt {M heart's performance under stress.



Q26: How will you establish the relatlon between potentlal dlﬁerence
(V) and electric mtensrty (E)? A\RARE
OR '
How electric ﬁeld acts as potential gradlent?
Ans: Electric ﬁelql act as potential gradient:
Let @Iecthc field between the two charged plates is uniform, let its value be
E. The potential difference between A and B is given

by the equation N———
Vg=Vy= “’“ __________ (1) T
Where Wy = Fd = - qo Ed (the negative signis

needed because F must be applied opposite to q.E v + _
S0 as to keep it in equilibrium). With this, Eq. 1 Y Y

becomes
Vg =V =-q:Ed=-Ed qE

0 A=l - - - - -
-V AV )
= (VB ﬂ) = o (2)

_— o ———— o —

If the plates A & B are separated by infinitesimally small dlstance ar, the Eq.
2 is modified as ~a0
E = :E?‘ (3)

L __,f -

Potential gradlent' . \ )

The quantity - 2 gwes the maximurri valua of the rate of change of potential
with distance becau e the charge has been moved along a field line along which the
distance Ar H een the' two plates is minimum. It is known as potential gradient,

Thus the'e ectric intensity is equal to the negatwe of the gradient of potential. The
_negative sign indicates that the direction of E is along the decreasing potential.

Q27: Show that 1 -‘1 = NC'? OR Convert volt/metre in terms of the unit of
electric mtenslty (NC?)?

Ans: The unit of electric intensity is volt/metre which is equal to NC' as shown
below:

- 1V _volt  _ . joule/coulomb
LHS =1 m metre metre
= newton xmetre = newton - NC‘
metre xcoulomb coulomb
Q28: Derive a relation for the absolute potential at a point due to a point
charge?

Ans: Elecl:ncal potential at a point due to a point charge.
L Let us take two points A and B,. :nfmltesrmally
close to each other, so that E remalns almost constant
between them.
ii. The distance of pomts A and B from q are r, and rg
respectively_and| distance-of midpoint of space interval
between'Aand B s r from q. Then according to Fig.,

rg = ra+Ar ... . (1)

Ar =rg— T C(2)




L, ——

Hi. AsvT represents mldpomt of, intarval between A and B so

o latda | ;’3 > (3)
iv.  The mag?uqu of electnc tntensuy at this point is,
N | (
NN =
N I' J ™ E 4ne° r2 @
V. As the points A and B are very close then, as a first approximation, we can
take the arithmetic mean to be equal to geometric mean which gives
s
Ta - r
» _ 2nd term
{r,\, r,rgarein G. M, where common ratio = -—————}
1st term
P e e s (5)
Thus, Eq. 4 can be written as
1 g
= :;-;—r' .......... (6)
oTAlE

Case II:

vi. Now, if a unit positive charge is moved from B t¢ A, the work done IS equal to

the potential difference between A and B,
Va-Vg = =E (fa- ra) \ ©
Va- Va '—,'\ E(I’a l'ﬁ) [ (0 \o o™~

Substituting value of E from Eq B0\ AT, )Y

VA v,_ 5.8 (M.) ‘

( \ 47::0 TBTA
| _l.l W = (22
‘-\ ) 4TEg . ]
To"céicbiate absolute potential or potantual at A point B assumed to be
infinity point so that Vg = 0 and hence

2l asl op
B Teo L~ -]
; . - 1 9
This gives, Va T
vil.  The general expression for electric potential V,, at a distant r from q is,
— . |
P 7 amegr

Q29: Define electron voit and show that 1 eV =1.6 x 10'*%)?
Ans: Electron volt:

The amount of energy equal to 1.6 x 10" J is called one electron-volt and is
denoted by 1eV. It is defined as "the amount of energy acquired or lost by an
electron as it traverses a potentual difference of one volt". Thus,

TeV = 16x10") ... (1)
Derivation: (N/B =
Suppose charge carried by the particle is g\= o= 1 6 X 10 ”
Thus, in this case, the energy acquired by the charge will be
AKE | = qnv @AV ="(1.6 x 10'°C) (aV)

Moreover, assume that | AV 1 volt, hence

J|-« J__| N 'AK-E qav = (1.6x10™ G-)u(1volt)

'~ AKE (1.6x10") x(CxV)y = 16x10'%

Thus 1eV 1.8 x107% .. Proved



Q30: Illustrate the comparison. of electnc and grawtatlonal forces?
Ans: Electric and gravatatnonal forces (a comparison):

i Gravitational force:
Grawtatmndt force'is a conservatwe force, that is, work done in such a field

IS mdepenéibn“t of path.

ii, Electric force:
Coulomb's electrostatic force is also conservative force. The electric force

between two charges F = I:—‘c-’iz-. is simitar in form to the gravitational force between

gl
the two point masses, F=G ™2
iii. Similarity between gravitational and electric force:
Both forces vary inversely with the square of the distance between the two
charges or the two masses.
iv. Dissimilarity between gravitational and electric force:
a. The value of gravitational constant G is very small as compared to electrical

constant ——. It is because of this fact that the gravitational force is a very weak

0\
"“""u"‘

force as compared to electrostatic force. -- \\)
b. As regards their qualitative aspect-the gleetrastatw force Jcould be attractive
or repulsive while, on the other hand, grawtatronal force)is only attractive.
c. Ancther difference to.be\ noled is’ that the electrostatic force is medium
dependant and can be shlqlaed whlle grawtatlonal force lacks this property.

- Q31: Briefly. ?xplbm charge on an electron by Millikan's method?
Ans: Charge on an electron by Millikan's method:

In 1909, R.A Millikan devised a technique that resulted precise measurement

of the charge on an electron.
Construction and working:

i A schematic diagram of the Millikan oil drop experiment shown in Fig.
5 4
A
e -
Mo '
” ~
5 wi|| pl—H \, ) T_
¢ T TOtE=eDd e ow, v
i B 1 pP'=S P M L ~

Two paraliel plates PP’ \are placed ms:de 'a contamer C, to avoid
disturbances due tq( air t:urrents The separation between the plates is d.

The upper, plqte P has a'small hole H, as shown in the figure.

Ac voltagé Vs applied to the plates due to which the electric field E setup
petween the plates The magnitude of its value is £ = W/d

An atomizer A is used for spraying oil drops, into the container through a
nozzle. The oil drop gets charged because of fricton between walls of
_atomizer and oil drops. These oil drops are very small, and are actually In

-
.

.I-
Hi.

V.
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the form of mist". Some of these\drbps happen to pass through the hole in the
upper plate ', ' % oE
vi. The- acé ﬁeMen the pla;es is illuminated by A PR
the. Ilght coming from the source S through the
lens L. and window W, The path of motion of
these drops can be carefully observed by a /J
microscope M. -
vii. A given droplet between the two plates could
be suspended in air if the gravitational force F,
= mg acting on the drop is equal to the
‘electrical force F, = gE, as shown in Fig. VW F=mg
viii. The F. can be adjusted equal to F, by

I " i Odl drop balanced by th iational
adjusting the voltage In this case, we can 04 dop balancedby ths orev

) Qil drop

write,
Fe = F,

or qQE = mg ...... (1) PR
iX. Determination of the charge on electron —~ 1)\ (O ‘-._‘;

If V is the value of p.d. between the pfatesfer’ %me‘settmg\ then
We may write from Eq 1 _"':.,! q%= mg

mgd
MR L - (2)

e Determmatlon the mass ‘m’ of the droplet:

In order to determine the mass m of the droplet, the electric field between
the plates is switched off. The droplet falls under the action of gravity tnrough air it
attains terminal speed v, almost at the instant the electric field is switched off.

Its terminal speed v, Is determined by timing the fall of the droplet over a measured

distance. Since the drag force F due to air acting upon the droplet when it is falling

with constant terminal speed is equal to its weight. Hence, using Stokes's law
=8anrvy = mg

Where r is the radius of the droplet and 7 is the coefficient of viscosity for air.
If p is the density of the droplet, then

m = gnr3 Pevererns (3)
-arfpg = 6 mnry, R
g = v a2\ 0
3.'1’-.9 \l [ (o \o2~
Note: . .--‘-> .I e
I Knowing the vajue of r. ihe mass m Can be calculated by using Eq. 3. This

value of m is substituted-in Eq 2to \getthe value of charge g on the droplet

ii. Millikan r:l‘ aspred the' charge on many drops and found that each charge
was an 1nt¢gnai ultiple of a minimum value of charge equal to 16 x 10"° C He,
therefore, ‘eonciuded that this minimum value of the charge 1s the charge on an
electron



Q32: Briefly descnba about capacntor and its capacntance?
Ans: Capacitor; | | || |\

A cqpagltor‘ is'a device that can store charge.

Construction:
Dielectric: _

Capacitor consists of two conductors placed near one another separated by
vacuum, air or any other insulator, known as dielectric. Usually the conductors are in
the form of parallel plates, and the capacitor is known as parallel plate capacitor.
Working of capacitor:

. When the plates of such a capacitor are connected to a battery of voltage V.
it establishes a potential difference of V volts between the two plates and the battery
places a charge +Q on the plate connected with its positive termini and a charge -Q
on the other plate, connected to its negative terminal, let Q be fthe magnitude of the

charge on either of the plates.

|._“.-J.|\=\"I\..'] . I--' -l ' L

Capadtance of a capacutor'
It is a measure of the ability of capacitor to store charge. .

The capacitance of a capacitor can be defined as the amount of charge on one plate
necessary to raise the potential of that plate by one volt with respect to the other.
It is found that

QxV or Q = CV or C==_.(1)

The proportionality constant C is called the capacnance of the capacitor.
Factors affecting capacitance of a capacitor:

Capacitance depends upon the geometry of the plates and the medium
between them.

Unit of capacitance:
The SI unit of capacitance is coulomb per volt, which because of\ its frequent

use, is commonly calied farad (F). aﬂer the famous Englash scnent:at Faraday.
Farad:

'QIQ

"The capacitance! of a capacntor is 0ne farad if a charge of one coulomb,
given to oné of the plates ' of 'a parallel plate capacitor, produces a potential

d:fference of one Noll between them".

I RN
Note: /| -
One farad is an enormous amount of capacitance. For practical purposes its

sub-multiple units are used which are given below, 1 micro-farad 1 uF = 10° farad
1 pico-farad = 1 pF = 10"*farad



Q33: Derive a relation for capacitance of a parallel plate capacitor. Also
calculate dielectric coefficient or dielectric constant?

Ans: capacitance of a parallel plate capacitor:

i Consider a parallel plate capacitor consisting of two plane metal plates, each
-of area A, separated by a distance d as shown in Fig.

li. The distance d is small so that the electric field £ between the plates is
uniform and confined aimost entirely in the region between the plates.
fil.  Letinitially the medium between the plates be air or'vacuum. Then-

Where Q is the charge on the capacitor.and Vis the potential difference between

the parallel plates.
fv.  The m.ajgﬂi_tﬁﬂe_E‘:bf-‘ electric intensity is related with the distance d by Eq. as

E=Z ... (2)

V. As Q is the charge on either of the plates of area A. the surface density of
charge on the plates is as

- .

4
vi. The electric intensity between two oppositely charged plates is given by

E = -5—. Substituting the value. of o, we have

E=-L . 3)
€o
By comparing Eq. 2 and 3 we get, '
Lao 4
d Af.u ........ ( )
Q _ e
Y Ad o~~~
Dielectric constant (¢,): o\ oA A WA A Y

If an insulating)\material, | called dielectric, of relative permittivity &, is
introduced between the '-.,pfa_ﬁi?!_i-, the capacitance of capacitor is enhanced by the
factor ¢, Capacifors.commonly have some dielectric medium, thereby ¢, is also
called as dielectric constant.



Effect of insertion of dielectric between theplates of a.capacitor:

& o

V<V,

Consider a charged capacitor whose plates are connected to a voltmeter.
The deflection of the meter is a measure of the potential difference between the
plates. When a dielectric material is inserted between the plates, reading drops
indicating a decrease Inthe potential difference between the plates.

From the definition, C = Q/V, since V decreases while Q remams constant
the value of C increases. Then 2\ @ "-:\-.

Cres = 2 [\ (6)

Eq. 5 shows the dependenae of a capacnbr upon the area of plates, the
separation between the plates and mGerrn ‘between them.
Expression for dielectric constant (¢, ):

leﬂmg Jqu by Eq. 5 we get expression for dielectric constant as,

l| C
\ g =B (7)
vac

Dielectric co-efficient or dielectric constant (¢, ):

Dielectric co-efficient or dielectric constant is defined as
"The ratio of the capacitance of a paralleél plate capacitor with an insulating
substance as medium between the plates to its capacitance with vacuum (or air) as
medium between them.”
Q34: Briefly explain the electric polarization of dielectrics?
Ans: Electric polarization of dielectrics:

The increase in the capacity of a capacitor due to presence of dielectric is
due to electric polarization of dielectric.
Explanation:
i. The dielectric consists of atoms and molecules which electrically neutral on
the average, i.e., they contain equal amounts of negative and positive charges. The
d;stnbutlon of these charges in the atoms and molecules IS such- that the' centre of

il When the molecules of dielectric are sublected to an electnc field between
the plates of a capacitor, the negatwe charges (electrons) are attracted towards the
positively charged plate of the capacutor and the positive charges (nuclei) towards
the negatively cgargpd plate

i, Tl'pellele rons in the dielectric (insulator) are not free to move but it is
possible ‘that the electrons and nuclei can undergo shght displacement when



subjected to an electric field. As a result of this displacement the; centre of positive
and negative charges now no longer- -coincides with eath other- ‘and one end of
molecules shows a negative charge| and the. other end. an equal amount of positive
charge but the moleculé_as\awhole, s still neutral

iv. Two equal an qpposnte \charges separated by a small distance are said to
constitute a. '?lpOib JT us-the molecules of the dielectric under the action of electric
field tecome drpoles and the dielectric 1s said to be polarized.

Effect of the polarization of dielectric:

L The positively charged plate attracts the
negative end of the molecular dipoles and the
negatively charged plate attracts the positive end.
Thus the surface of the dielectric which is in
contact with the' positively charged plate places a
layer of negative charges on the plate.

ii. Similarly the surface of the dielectric in
contact with the negatively charged plate places a
layer of positive charges It effectively decreases
the surface density of the charge a on the plates.

As the electric intensity £ between the plates |s — so E decreases due to

polarization of the dielectric. These results into a decrease of potenﬁlar dlfference
between the plates due to presence of dlelectria A\ O\

Q35: Briefly describe how enargv shored m a capacutor"

Ans: Energy stored' m ai t‘:apa(:ltor\

i A capacitor is dewice to 'store charge. The charge on the plate possesses
electrical _ }entié»i \ Aergy which arises because work is to be done to deposit
charge on'the plates. This is due to the fact that with each small increment of cha rge
baing deposited during the charging process, the potential difference between the
plates increases and a larger amount of work is needed to bring up next increment
of charge.

il. Initially when the capacitor is uncharged, the potential difference between
plates is zero and finally it becomes V when g charge is deposited on each plate.

Thus, the average potential difference is 9-;—V = l

Therefore PE.= Energy = % qVv
Using the relation q = CV for capacitor we get
Energy = % cV: ... (1)

By substituting V = Ed and C = “—‘d"“'— in Eq.1 we get.

Energy = 3 (““”"’) (Ed)?

' i 124 EF x (Ad)
As (Ad) is volume between the p!ates €0 \\ U\

>
Ener?y den\s:ty = 5——-3’--31 gl E? (2)

f Volume

Thig équa\tlon is valid for any electric field strength.

Note:



Q36: Explain briefly charging and discharging proeess of a capaator?
Ans: Charging ofa capac:tor. A A WA WAWL Y
i. R-C circuit: CAR\ SR N R TR

Many electric curcutts oonmst 0f both capacnors .00 LSRN g
and resistors.. Fig\| shows a resistor-capacitor circuit
called R-Clcircuit” When the switch S is set at terminal
A, the R-C combination is connected to a battery of
voltage V, whit starts charging the capacitor through
the resistor R
Graphical explanation of charging of a
capacitor:

The capacitor is not charged immediately,
rather charge build up gradually to the equilibrium q
value of g, = CV,. The growth of charge with time
for different resistances is show in Fig.

According to this graph g =0 at ¢t =0 and 98634
increases gradually with time till it reaches its
equilibrium value q, = CV,. The voltage V across
capacior at any instant be obtained by diwdmg q by ¥ =00
C.asV=gqlC. PR N v el
Time constant: O A\ TN O

How fast or how slow the capacnor |s chargmg
or discharging, depehds ‘upon\the . product of the
resistance R andt oapat[tance C used in the circuit.
As the_unit\o Ir::fm:luct RC is that of time, so this
product s known as time constant and is defined as
the time required by the capacitor to deposit 0.63 times
the equilibrium charge go. The graphs of Fig. show that
the charge reaches its equilibrium value sooner when
the time constant is small.
'Discharging of a capacitor:

Fig. illustrates the discharging of a capacitor
through a resistor In this figure,-the switch S is set at
point B so the charge +q on the left plate can flow anti- ™,
clockwise through the resistance and neutralize the
charge -q on Wright plate.

Graphical explanation of discharging of a
capacitor:

The graphs in Fig. shows that discharging S\
begins at t = 0 when g = CV, and decreases gradually to zero Smatler values of
time constant RC lead to a more rapad dlscharge |
Application of charg_ing/dlscharglna ofa capadtor.

Windshjeld wipers: (| || '

The cha mgidlschargmg ofa capamtor enables some windshield wipers of
cars to be\used intermittently during a light drizzle. in this mode of operation the
wipers remain off for a while and then turn on briefly. The timing of the on-off cycle
is determined by the time constant qf a resistor-capacitor combination

. q




SUMMARY POW

1. The Coulomb's| law, states that the force between two point charges Is
directlyproportional to the product of the magnitudes of charges and
inversely proportional to the square of the distance between them

2. Electric field force per unit charge at a point is called electric field strength or
electric field intensity at that point.

3. The number of the field lines passing through a certain element of area is
known as electric flux through that area, denoted by ¢.

4. The electric flux ¢ through a vector area A, in the electric field of intensity E
is given by ¢= E.A = EA cosé. where @ is the angle between the field lines
and the normal to surface area.

5. Gauss's law is stated as "the ftux through any closed surface is 1/g, times
the total charge enclosed in it

6. The intenior of a hollow charged metal sphere is a field free region.
7. The electnc intensity between two oppositely charged parailel plates is
= 2 L AR
€0 =14

8. The amount of work done in bringing, aumtposltwechargefrom Infinity to a
point against eiectnc field is'the electric potential at/that point.

9 Capacitance of a capacitor is'a measure-of the ability of a capacitor to store
charge, AL
10 Th”e"' ﬁﬂ?ﬁt@ﬂ;e"*df‘a’"p'a;a”e, plate capacitoris C,,c = 'S‘ = %ﬂ

\"Ji'\.,l B ; "
11. The'increase in the capacitance of a capacitor due to presence of dielectric

1s duet electric polarization of the dielectric.

! SOLUTION OF EXERCISE l

12.1. The potential is constant throughout a region of space. Is the
electric field zero or non-zero in this region? Explain.
Ans: Since E = K=
If we move a unit positive charge from one point to other at infinity, no worth
will be done, i.e, all the points at infinity wiil be at the same potential. Electric field

intelnsity being inversely proportional to the square of distance is zero at infinity
(-.-a = ) o~ SR
12.2. Suppose that you follow an electric field li'hfe' dué toa 'bositive point
charge. Do the electric\field and\ electric 'potential increase or
q

Ans: Both electr_i_c ﬁTzId and electnc bdténtial will decrease Since E = K— and

rJ

V=K -? ci_ela_ri'ylég we follow the field line due to positive charge we will move away

(i.e. r increases because in case of positive point charge electric fited lines move
outward) thus the values of electric field and electric potential will decrease.



_SUMMARY ot

1. The Coulomb‘s Iaw states that the force between two point charges is
directly, propbrtlonal to the product of the magnitudes of charges and
inversely proportional to the square of the distance between them

2. Electric field force per unit charge at a point is called electric field strength or
electric field intensity at that point.

3. The number of the field lines passing through a certain element of area is
known as electric flux through that area, denoted by ¢.

4. The electric flux ¢ through a vector area A, in the electric field of intensity E
is given by ¢= E.A = EA cosé. where @ is the angle between the field lines
and the normal to surface area.

5. Gauss's law is stated as "the flux through any closed surface is 1/go times
the total charge enclosed in it
6. The interior of a hollow charged metal sphere is a field free region.

a

7. The electnc intensity between two oppositely charged parallei plates IS

€0 \

8. The amount of work done in bringing a unit- posnwe charge from mfm:ty to a
point against electnic field is-the' electric potentlal at/that point.

9. Capacitance of, a capac:tor 15 a measure “of the abllaty of a capacitor to store
charge. \\ \\

10. The capaplbadce of a para!lef plate capacitoris C,, = %“3‘

11. Thé'mcrease in the capacitance of a capacitor due to presence of dielectric
1s duet electric polarization of the dielectric.

! SOLUTION OF EXERCISE l

12.1. The potential is constant throughout a region of space. Is the
electric field zero or non-zem in this region? Explain.

Ans: Since E = K—-

If we move a unit posstwe charge from one point to other at infi Inity, no worth
will be done, i.e, all the points at infinity wiil be at the same potential. Electric field
intensity being mveme!y proportional to the square of distance is zero at infinity

1
12.2. Suppose that you follow an electric field line due to a posltwe point

charge. Do the electrlc feld and electnc 'potential increase or
decrease? 3
q

Ans: Both eiectnc ﬁeld and electnc potential will decrease Since E = K— and

ré
V = K= c!eaﬂy as We follow the field line due to positive charge we will move away

(Le. r mcreases because in case of positive point charge electric filed lines move
outward) thus the values of electric field and electric potential will decrease.

< |




12.3. How can you ldentufy that wl‘uch plate of a capacutor is positively
charged? \R4N 2
Ans: Case 1. L AL LD
Brin qoS|Hwe!y cnarged object close to the plate if it is repelled the plate 1s
positive oth rw|se not
Case 2,
Bring the plate close to a pos: tively charged electroscope it the leaves turther
diverge due to electrostatic induction it has positive charge otherwise not
12.4. Describe a force or forces on a positive point charge placed
between parallel plates
(a) With similar and equal charges
(b) With opposite and equal charges?
Ans: (a) In first case resultant force will be zero as it wii be repeiled Dy the plates
with the same force which are equar and opposite
(b) In second case resultant force will be two tmes the force of one plate as it
will be repelled by one and attracted by the other plate. Net farce on it will be from
positive to negative plate.
12.5. Electric lines of force never cross each other. Why?~(())||\V
Ans: Electrical lines of force never cross) because eleq!ric mtensxty has only one
direction at any given point, If they\ Cross/ there will be. two directions of electric force
at one point which is nnt bqsmble Thareforé etectric field lines will never cross each
other.
12.6. If 31 ptuh of mass m is released in a non uniform electric field
field lines pointing in the same direction, will it make a
rectilinear motion?
Ans: [f the field is due to an isolated charge then charge will make a rectilinear
motion. If the field is due to the combination of charges then the point charge will
move along a curved path.
12.7. Is E necessarily zero inside a charged rubber balloon if the balloon
is spherical? Assume that the charge is distributed uniformly over
the surface.

Ans: According to Gauss law

¢':i:0

£y
Since ¢, =E.A=0 as Az 0 therefore, E=0
So at the centre the field must be zero due to spherical symmetry but anywhere else
there might be some value of electric field due to polarization of the rubber balloon.
12.8. Is it true that Gauss's law states that the total number of lines of
force crossing any closed surface in the outward direction is
proportional to the net posihve chahge enclosed within surface?
Ans: Yes itis true. Eiectnc: flux measures the number of electric field lines passing
through a certain. arga Also electric flux is directly proportional to charge enclosed.
Hence the, total! ]number of lines of force crossing any closed surface in the outward
direction is proportional to the net positive charge enclosed within surface.



12.9. Do electrons tend to go to the reg:on of hlgh potent:al or of low
potential?

Ans: Electrons tend to go to the regon of hlgh potentlal Because positive region

to be at higher potenqia! than a\ negatwe region, we can say electrons have tendency

to go towards| the region of high potential as electrons are negatively charged.

Hence electrons will be attracted towards positive charge (high potential).

Example 12.1; Charges q; = 100 uC and q; = 50 uC are located in xy-
plane at positions r; = 3.0 j and r¥; = 4.0 i respectively, where the
distances are measured in meters. Calculate the force on q,.

Solution:

™, "\ |

qy = 100 uC = 100 x 10°C Q
qz = 50uC = 50:10% %
Position of chargeq, = r, = 3.0/ m .
Position of charge q; = =40im :
The magnitude and dlrectnon of F“ =7 e (R
.; AV ;

l

The position vector of charge q2 wuth respect to q~.
rz1 Therefore ) S0 oL .
T = T A\ """.-.'(‘I) .

Using value i eqHanéh we' get-:":ﬁ
1| | | r21 (41-3}),11
Magnitude of o =r =y1émZ+9mZ = 5m

Now by definition, 75 = 2

.
. (#-3)m  (a:-3)
Tay = 15": = '5 o s (2)
Force on charge q; due to charge ‘q; can be determaned by using the formula,
9: q;
in K r? P21 .............. (3)

= _ 9%10°Nm?*C~2x100x10~%Cx50x106C -3
Fay = 25 X 5

or le = (1 44‘?"‘ IUBJ)N
The magnitude of F,, ~can be written as,
Fyy = F = J(F 2 +(F)? ... (4)

The magnitude of F21 can be written as, \ o

Far = J(1 440 +( 198)2 \1.8N)
Direction of Fy, = tan’1 Ji 0 AV g
Now using the val?es in equauon (5) we get,
Direction of [Fj;'® ‘tan~!(==2%) )

1.44
Direction of F;: = —-37° with x-axis




Example 12.2: Two positive point charges q;= 16. ol and q: = 4.0
HC are separated by a distance of 3.0 m, as shown in the figure. Find the

spot on the line 3olnmg the two charges where electric field is zero.
Solution:

d

q = 16d° Q='-160x1o“c —

Q2 Z([4/0C" = 4.0 x 10°C P
Distance between the charges = d =30m @ * ®,q
Spot on the line where electric field is zero = ? « 1om >

As the charges are similar, therefore, electric
field would be zero at point 'P', where the magnitude of 'Ey is equal to the
magnitude of 'E,' . i.e. E, = E,

For Charge q,
— _1_ _c.].l.__
T 4meg (3.0 -d)?
For. Charge q;-
= Sz
2 4me, d?
As E, is equal to E,, therefore we can equate above two formulae,
1 q1 - 1 Qqz
ameg (30-d)2  4meg az 0\ _:
a: =2 2\ (QALVPT
@097 T\ A\ [ (S0
16.0 %\ lu-& I’= _'_‘ '. 40)9 10"'6 , ".‘ ,'I
H—F i g
16.0d° = 40(30 d)’*
16d2 = A+ d°-6d) = 36 + 4d? - 24d

ghdb 1647 + 244-36 = 0

1262+ 24d-36 = 0 = 12(d*+2d-3) =0 = d°+2d-3=0
By factorizing, we get '

d’-d+3d-3=0 = d(d-1)+3(d-1)=0 = (d-1)(d+3) =0
After simplification, we have

d=1m or d=-3m
We only consider +ve value of distance, because distance is always positive
therefored = - .
- Two opposite point charges, each of magnitude 'q' are
separated by a distance 2d. What is the electric potential at a point 'P'
mid-way between them?

Solution:

P

9

Distance between the charges _ 2d
Distance between their rmd pomt &

\\gh\ =\ qQ and Q2 = *+q




"_II."' I‘ﬂﬂ‘; o odh

\|| ame, d
Electric po(qnhalltat pomt P due to both the charges s
V =V'+V
1

_ q
V = e
V =0
Hence electric potential at point 'P' due to two equal ®ag opposite charges I1s zero
eV =0
Example 12.4: A particle carrying a charge of 2e falls through a
potential difference of 3.0V. Calculate the energy acquired by it.
Solution:

1™
t

i g

ang,y d

Charge carried = q = 2
Potential difference = aV =3
Energy acquired = aAKE =7
Since AKE. = qaV o\
aK.E. =___\ &@ev SN\ AS
Since (O "(*rev 16x10™J)
AKE = 6.0 m a 11049,‘ :\95 xm’gJ
Example 12.5: In Milllkan oil drop experiment, an oil drop of mass

4.9 x 10}‘1 b'iry balanced and held stationary by the electric field
between 'two parallel plates. If the potential difference between the
plates is 750V and the spacing between them is 5.0mm, calculate the
charge on the droplet. Assume g=9.8ms™.

Solution:
Mass of drop = m = 49x10"kg
Potential difference =V =750V
Spacing between plates = d = 5.0mm
= 5.0 x 10°m (1mm -
Acceleration due to gravity = g = 9.8ms®
Charge on the droplet =q =?
The formula for electnc force in terms of electric intensity is
F = gE

E =2
But. 3
The magnitude of this force must ne equa! ta tne wezghz 1} e Mg SO we can write,

T\ € q W = mg
l 49:510&"‘1"‘ xQB'xSOxw ¥ 49 XYBx5.0%x107 5 x107!
. « 75

Q-l-
q = ez:m“‘c



Example 12, The time constant of a senes RC cu'cmt is t=RC. Verify
that an ohm tlmes farad |s equwalent to second.

Solution: PR\ RLE
By Ohm's la_v-r,_ _]-_;. JI| \ VL
NNV V = IR
Also. | = %
V = =R
R = % squssvsss )
We know that
q = CV
Or C = % (ii)
Muitiplying Egs (i) and (i), we have
RC = i X 3 =t
q Vv
RC =t
Since 1 ohm x 1 farad = 1 second

Hence proved

SOLUTION OF PROBLEMS

12.1 Compqra mﬂhmtudes of electrical and grawtatnonal forces exerted

on an objs (mass- 10.0g, charge = 20.0uC) by an ndentlcal object that i
placed 10.0 cm from the first (G = 6.67 x 10™** Nm’kg?)

Solution:
Mass = m=100g = 10x10"kg
Charge = q = 200uC = 20 x 10°C
Distance = = 100cm = 01m
G = 667x 10”Nmzkg
K = 9x10"°Nm‘C?

Ye 2 9

Fy
The formula for the electric force in case of identical charges 1s,

= 1 y°
Fe = ATEy T (1)

The formula for the gravitational force in case of ndentical masses |s

Dividing equation (1) by (2) we Qetr-.,

4 . Fg s r¢&  GCmé - sz‘ = (3)
Using values in equaﬂon {3) we get
Fe i: NpR10%KE0R1070)% o 9x30%x400x107 12 o ds0pnig?iEvIiA

Fg .'_:‘_I"-... L67%10 " 1 x(uo1)? 667x10" 1 1x1ox10™4

6.67

-



Example 12.6: The t;me constant of a series RC circuit is t=RC. Verify
that an ohm 1times éarad is equivalent to second.

Solution:"
By Ohm's taw
V = IR
Also. | = El!
Vo= %R
Rz-\'2 RUUUR ()
q
We know that
q = CV
or C = 3 (ii)
Muitiplying Eqgs (i) and (i), we have
=Yt . 4 -
RC = q X v t
C = =
= 1 econd

Since 1 ohm x 1 fafad
Hence proved a

- N\ ,- __-\ \ I'.II"- ’_- p -
TN T

SOLUTION OF PROBLEMS

12,1 Compare magnitudes of electrical and gravitational forces exerted

on an object (mass= 10.0g, charge = 20.0uC) by an identical object that i
placed 10.0 cm from the first (G = 6.67 x 10" Nm?kg?)

Solution:
Mass = m=100g = 10x10°kg
Charge = q = 200uC = 20 » 10°C
Dlstance = = 100cm =01m
G = 6.67x 10”Nm2kg
K = 9x10"NmC?
e = 9
Fy
The formula for the electric force in case of identical charges IS,
_ 1 q
Fe - ATMEy T~ - (1)
The formula for the grawvitational force i case of td@ﬂtlcal masses is.
s P g
Dividing equatnon (1) b)' (2) we get
h __] " .I| }'.p _ q° l,.;: _ Kq&
l.l"' \J ™ E - K-l:z-xﬂm" T Gm? - (3)

Using values th equation (3) we get,

Fo o 9x0%x20x107%% - 9x10%x400x10712  _ jevox109T12+11 44
Fg Lb7x10 " 1 x(yo1)e 067%x10" 11x10x10~14

667

F
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12.2 Calcylate| veJctonally the net electrostatic force on q as shown in
the figure,'| NN [
Solution: |

From figure it is clear that the vertical

"‘cac
components of electric forces cancel each ° 5

other whereas horizontal components are in - 2

the same'direction : / . 1
Hence the total force will be equal to M gl

the sum of only the horizontal components of . %

the forces due to g, and g,. So we can write, /< T H
Free = F1CosB + F,Cos8 | .

As the magnitude of the charges g; and  as10x s mvnl SR
g, are equal therefore the magnitudes of the
forces due to g, and q, will also be equal i.e.

. F, = F, = F AN R0

So we can also write that, ~\ [ AL

Free =\ F €0 58 + F cus'e' '-‘ 12F‘c:058
In vector form we get, o\ _~\\ "":L »\ % --jk ~

T\ F-n.;-‘ \F\ 2FcosBi........... (1)
The magmtude of i as follmws .
\] |\ l | J| A : F — F1 = 1 E%l
4MEY T
9 -6 -6 -~

E = 9x10 xéx(llu)z x1x10 = 36X 10'3N

Also from figure we get,
cosB = % .= 06 '

Free = 2F cosB1i
Free = 2x36x10°x06 = 43.2x10°7 - 0.0432iN
12.3 A point charge q = -8.0 x 10°Cis p! ~d at the origin. Calculate
electric field at a point 2.0 m from the oriai:.  'he z-axis.
Solution:

Charge = q =-80x10°C
Distance =r =2m
Position vector along z-axis = 7 = k AR
.E : 4&;5
Usnng values in equat:on (1) we get
-8x1078 _ N
gl RN o5 - xk) 18 x 10 k NC

(180x10212)Nc‘



12.4 Determine the electric field at the position r.=(4, r4=3}) m caused
by a point charge q = 5.0 x 10 . C placed at orlgm TCALS

Solution: RiVzial@et\ LA
q = 5x10° C ;x‘ TARNAN
ro= 40+ 3}

) IM - v N & )

J|
N

‘I-TH‘.“ rJ
Using values In equation (1) we get,
Yx109x5x1070

= x (47 + 3j) = 360 x (41 + 3)

(5)3
E = (1440i + 1080j) NC"'
12.5 Two point charges, q; = -1.0 x 10°C and q, = +4.0 x10° C, are
separated by a distance of 3.0 m. Find and justify the zero-field location.

Solution: ) - .
g, = -1x10°C T =S— WS
T P 0—O
[ =3m a "

. - = X+,

The distance of the point of zero field location with respect to -
Gz = & % J“-/..?-\ \ (COUBY

E, balances E; because both act in the. oppasﬂe Glfe@ﬂq [ (0 )\~

E: = *\ /7 E (O SR\ S,

i\
f’_L g~ \L .\.h‘e 'bPa

= () —
Ango\£7\ | |\ ' gme, ol
IR | .‘.tl = 4
\ |*\\l|\ N rj ry
o § g2
rt (x4 ry)?
Using values of q,and q,, we get,
1x107° _ 4x107°®
o - (x+71,)?
1 - 4
ey
Taking square root of both sides
1 Z
N (xtrp)
X+r, = 21,
X =-2rn-r
X = n
Using the value of r; we get,
x = 3m _~&[Ie
r. = 3m+3m = 6m ,;-:‘_-: A\n \ (O \ I" " .

Result: / VWAV YL
Hence the zero field Iocahcm exasts ata ﬁISIance ot 3 m from g, and 6 m from q,

Justification of thq |zero-nlecl location:
Itag) ¢i&hrj'frem the result that the zero field location exists at a point whose
distance from q. is double than its distance from g, Itis due to fact that the



magnitude of q; 1s four times the magnnude of q it JS exactly m accordance with
Inverse square law 5 |

12.6 Find the electric ﬁeld strerigth requlred to hold suspended a
particle of mass 1.0 x 10 kg and charge 1.0 uC between two plates 10.0

cm apart. .] ]|.--.---
Solution: | NN

m = 10x10°kg

q = 10 x10%kg

. il =10cm =01m
The magnitude of electric force is given by
F = qE

And W = mg

In order to suspend the particle the magnitude of electric force must be equal but
opposite to the weight of the particle.
qt = — (1)

Using values in equation (1)
10x107%%x9 38

E=———— =98NC"' =98Vm'

1 0x107v

12.7 A particle having a charge of 20 electrons on it faﬂs hrough a
potential difference of 100 volts Calculate the ehergy aequlred by it in
electron volts (eV) i \\ A2\ (A WU\ Y
Solution: O\ \ X
Number of electron ‘=.._ ,\= 20 o™
Charge of elfctf‘qn\1 r—‘i -1 5 x 10 90
\u VvV = 100V
Total charge = number of particles x charge on one particle
. Q@ = nxe

A!so the energy gained be a charge 1s equai to the produc' of the charge ana the vortaa:
across which it 1s moved so we can write

KE =
KE = Vxnxeg 1
Using the values in equation (7, we get

KE =100x20x16x10™ = 2000 x 16 x 10 *J

Since (16x10"J=1eV)

2000x1 6x10 Y
KE =

1610737
KE

2000=20x10°eV

12.8 In Millikan's experiment, oil droplets are introduced into the space
between two flat horizontal plates, 5 mm apart.The plate. voltage is
adjusted to exactly 780 V so that the droplet is held stationary. The plate
voltage is switched off and the seleqted droplet is observed to fall a
measured distance of’ 1. 50, mm in'11.2°s. Given that the density of the oil
used is 900 kg m?; and\the viscosity of air at laboratory temperature is
1.80 x 103 Nm R4, calcutate.

(a) The mass, and

(b) The charge on the droplet (Assume g = 9.8 ms?)



Sdlution: _ PN
Distance between the plates = d= 5-:;m_m_ =5x 10 Mmoo o

Vv = 780 volts

S = 155x% 1D m

t = 1 2sec

n ==]| XS 105Nsm

P ]'“ "800 kg m™®
(a) Tﬂn'z ? (b) q = ?
() Themass = m = ?
Since v, = %

1.55x10°3 :

= 0.1339x 10°ms"'
112

; 9xnxy
Since f—“—‘
' 2 o -
9x XV 9x1.8x10°5%0.1339x10"3 -
i = 0011 x10%m
2pg 2x900x9.8

The mass of he droplet can be found by using the formula,
m = %n r’xp
= 23142 x (0011x107%)° x 900 = 5. 01 m“’kg

(b) The charge on the droplet, (Knume g ~9.8ms )

The value of charge om 1hé pafﬁde IS qgiven-as -
WAL\ VU T med

—
—_—

[ W\ v
PR
12.9 A proton placed in a uniform electric field of 5000 NC™* directed to
right to allowed to go a distance of 10.0 cm from A to B. Calculate.
(a) Potential Difference between the two pomts
(b) Work dene by the field
(c) The change in P.E. of proton
(d) The change in K.E. of the proton
(e) Its velocity (mass ef proton is 1.67x10 27kg)

Soluthn
= 5000 NC

d = 10cm = 010m

m = 1.67 x10%kg
(a) Potential Difference = V =7
(b) Work =W =7
(c) Changein P.E of proton = AW = ¥
(d) ChangeinKE, ofproton ﬁ";\_b&_El'—: A\
(e) * Velocity WAL (L U= 2
(a) Potential niFrerence between the two points.
Since ul"--‘ 47V = -Ed

V = -5000x 010 volt = -500 volts
(b) WOﬁt done by the field



A i i S PR IR Sl
W =500x16x10"d o T\q(\(0\\\[E20T
_ S00x1.6x 10— 19 A I \\ _ J —
W = 16x1 =19 \ BV \ S

Work Doq"' 'W “500 eV
(c) The Ehange in P.E. of proton
Since AU = W
AU = -500eV
(d) The change in K.E. of the proton
When the charge moves ‘along the field it will gain kinetic energy as it moves. The
magnitude of this energy will be equal to decrease in the potential energy (or the
work done by the charge). Due to increase in K.E. it will be written positive sign.
AKE = W
AK.E. = 500 eV
(e) Itsvelocity (mass of proton is 1.67 x 107kg)
The formula for the kinetic energy in present case can be written as.

1
AKE) = -m
2xA(KE) V? - S \

_ 2x5Mix1 ﬁxh\ 1(’
Vv J MFP“O ) 5097x10 ms'
12.10 Using' B

ro’ reference pomt at infinity determine the amount by
which: point charge of 4.0 x10® C aiters the electric potential at a point
1.2 n away, when
(a) Charge is positive (b) Charge is negative
Solution:
(a) Charge is positive
q 40x10°C
r 12m
k 9 x10°Nm*C*?
As the proton will

o nu

AV = k
= 300 volts

- D

-

AV 9 x10° x

1.2
AV = +3.0x 10° voits e 2O\
(b) Charge is negatlve \| .': . _
o= 12m 3
k =

Hl [ av = k4
- r

-K
L9 x10°x —"—"1";“-’- = - 300 volts

AV = -3.0 x 102 volts



12.11 In Bohr's atomic model of hydrogen atom; ‘the electr;clrn is in an
orbit around the nuclear proton at a dlstance of 529 x10'!' m with a
speed of 2.18 x 106 ms‘ (e 160 x' 10" C, mass of electron

= 9.10 x 107 kg). pmd A\
(a) The Eleh ron potenttal that a proton exerts at this distance

(b) Total ergy of the atomineV
(c) The ionization energy for the atom in eV.

Solution:

r = 529x10"'m

v = 218x 10°ms'

e = 16x10°'C

m = 9.1x10%Kg :
(a) Electron Potential =V =7
(b) Total Energy in eV = E =7
(c)  Idnization Energy in eV = B =7

(a) The electron potential that a proton exerts at this distance

VV = 1 x g
4mME, T
Using values in the above formula. we get, SRR\
Vs 9x108x 12 o = 2722 Volts Ans | 2\ G

§.29x10"11 ) ‘\h ,\l =
(b) Total energy of the atom in ev Ny
According to Bohr's thenry fgr ﬁydrogen atom

AJLIBLC T E =2
] |QJ " ~19y2 =
E""-]-l"-"” ¥ 1% x '16>-<10 ) = 224777 » 1043‘]
2x% 2Y9x1(~11
Since MeV=16x10" J)
-4 1T I%p~1e

E = —
1ex1071

Total Energy = E = -13.61eV

(c) The ionization energy for the atom in eV.
Since electron possesses -13.6 eV in the ground state of a hydrogen atom.

therefore if we want to ionize a hydrogen atom then we must supply 13 6 eV energy
by some external source or it must be accelerated through a potential difference of

136V Hence |
lonization energy = energy required by electron

lonization energy = E, = 136 eV.

12.12 The electron flash attachment for a camera contains a capacitor for
storing the energy used to produce the flash, In one such' unit, the
potential difference between the plates of ‘a 7500F capacitor is 330V.
Determine the energy that is used to produce the flash.
Solution:

C = 750uF = 750 X 1r.r5

V. =330 vois o |
Engrgy Sloréd in Capacitor = E = ?

Energy stcred in a capacitor ]

- 2
E = E_CV



— — N \ n'
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N \ Aot

E = ;"750"10 ®x (330)% _f'f4683J

12.13 A capacitor has a capamtance; of 25x10' F. In the charging
process, electrons are remaved from one plate and placed on the other
one. When the potential difference between the plates is 450V, how many

electrons Hmhe been transferred? (e = 1.60x10°C)

Solution:" ,
C =25x10%F
V = 450 volts
e = 1.6x10"C
n =72
Since Q = CV
- Also Q = ne
By comparing above two formulae,
ne = CV
. cv
n= -L—
g = 200 Tudsn, 7.0 x 10" electrons

1.6x10~ 1Y




